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Die Entstehng von AbriBluften an der Treffelhausener Berghalbinsel 
Jens Hotming, Helmut Scheel 

RESUM 
La muntanya peninsular de Treffelhausen, situada a 45 km. E. SE. de Stuttgart, forma part de Jura Souabe. La gran quantitat 

d 'estructures geologiques permet de percebre Jes mes diverses influencies en la formaci6 de Jes fal/es. En el transcurs de Jes 
exp/oracions, hem pogut constatar que s6n Jes bases margoses de l'Oxfordia 1 i de/ Kimeridgia 1 Jes que es desplacen, contradint 
aixi /'opini6 general de que els blocs ca/caris eren els qui 1/iscaven. 

La prova d 'aix6 /'ha constituit el descobriment d 'una superffcie de 1/iscada a Jes bases margoses. A mes, no se sabia encara 
que quan /'aigua es filtra per aquestes bases, aquestes s6n capaces d 'inflar-se fins a cert nive/1, originant-se una modificaci6n de 
la seva consistencia, afavorida pel canvi d 'ions. Vegetaci6, masses, tremolors de terra, etc., influeixen tambe en la formaci6 de falles. 

RESUMEN 
La montafla peninsular de Treffelhausen, situada a 45 km. ESE de Stuttgart, forma parte de/ Jura Souabe. La gran cantidad 

de estructuras geo/6gicas permite percibir las mas diversas influencias sobre la formaci6n de las fa/las. A lo largo de las exploraciones, 
hemos constatado que son las bases margosas d_el Oxfordiense 1 y de/ Kimeridgiense 1 que se desplazan, contradiciendo asf la 
opinion general de que /os bloques calizos se deslizan. La prueba la ha constituido el descubrimiento de una supefficie de 
deslizamiento en las bases margosas. Ademas, no se sabfa todavfa que cuando el agua se filtra en estas bases, estas son capaces 
de hincharse bajo un cierto nivel, comportando una modificaci6n de consistencia favorecida por el cambio de iones. Vegetaci6n, 
masas, temblores de tierra, etc ... influyen igualmente en la formaci6n de fa/las. 

SUMMARY 
The peninsular hill of Treffe/hausen situated 45 km ESE of Stuttgart is part of the Swabian Alb. Due to various geological 

sturctures it is possible to consider the most differing influences on the formation of sliding fissures. During researches we determined 
that the movements take place in the marl strata of Oxfordium 1 and Kimeridgium 1. This refutes the general opinion that calcerous 
blocks slide on the marl surface. This could be proved by discovering a sliding area in the marl strata. Besides, it was not yet 
known that above a certain level the marl is capable of increasing its volume if water gets into the strata. This leads to a modification 
of consistency which is additionally furthered by ion exchange. Moreover, vegetation, talus-slopes, earthquakes, etc. also play a part 
in this formation . 

Beschreibung der Treffelhausener Berghalbinsel 

Die 10.5 km lange unc; 8 km breite Treffelhausener 
Berghalbinsel wird begrenzt von den Bachen Eyb, Fils und Lauter. 
Bei Treffelhausen besteht eine 1.2 km breite Landbrucke zwischen 
dem Eybund dem Lautertal. Der durchwegs bewaldete Trauf 
erhebt sich an einer Stelle bis 350 m Ober die Talsohle, hat aber 
in der Regel eine Hohe von ca. 200m. Die durchschnittliche 
Hoenlage der Hochflache, mit ihrem 50 km langen Trauf, liegt bei 
650 m. NN. Der Messelstein, der sich am nordwestlichen Rand 
des Gebietes befindet, ist mit 749 m. NN. die hochste Erhebung. 
Die 30 km2 groBe Hochllache wird in erster Linie landwirtschaftlich 
genutzt, aber auch forstwirtliche Nutzflachen sind vorhanden . 

Geologie 

Die Sedimentgesteine der Schwabischen Alb wurden im Zuge 
der Alpenbildung mitgehoben und erfuhren durch die 
Schwarzwald-Vogesen-Hebung eine Kippung von 2-3 % nach 
Sudosten . Duch geologische Mulden, Sattel und Verwerfungen 
kann sie ortl ich jedoch wesentlich hoher oder sogar 

9 

entgegengesetzt sein. Eine Schichtlagerungsmulde bei 
Geislingen sowie die Filstalstorung, welche sich in das Eybtal 
hinein fortsetzt , verandern den Fallwinkel der Schichten. Beide 
wirken sich auf die Entwasserung des Gebietes aus. Storungen 
wie auch die KIOftigkeit des Gesteines vermindern die 
Scherfestigkeit der Gesteinsschichten. In den Mergelnkann dies 
eindringendes Wasser noch weiter herabsetzen. Die Festigkeit 
der einzelnen Mergellagen variiert von Ort zu Ort durch die 
unterschiedlichen Anteile von festen Gesteinbestandteilen und 
Fossilien . Grenzflachen zwischen Mergel und Festkorperanteilen 
ermoglichen dem Wasser leichter durch die Mergelschichten zu 
sickern, jedoch durfte es seinen Weg meist entlang von groBeren 
KIOften suchen . Solche KIOfte bilden auch die groBtmogliche 
Angriffsflache fur den erosiven und korrosiven 
Abtragungsmechanismus des Wassers , so daB diese haufig ideale 
Voraussetzungen fur eine Talentwicklung bilden. Diesen Vorgang 
kann man gut am Fils-und Eybtal beobachten . Analog zu den 
anderen rheinorientierten FIOssen hat sich das Eybtal sehr rasch 
tief in den Albkorper eingeschnitten , wodurch sich relativ steile 
Hange ausgebildet haben. Durch die Abtragung von 
Gesteinsschichten Konnen sich parallel zur Hangkante 



Hangentlastungsklufte gebildet haben, die eine zusatzliche 
Storung des Gesteins bewirken. 

Durch die Eintiefung des Vorfluters senkte sich das 
Karstwasserniveau, was eine Tieferlegung der Quellhorizonte zur 
Folge hatte. Heute ist der hochst gelegene Karstwasseraustritt 
der Eybursprung in 615 m.NN. und zugleich die einzig 
bedeutendere Quelle, die sich noch im Schichtgrenzbereich des 
weiBen Jura gamma/delta befindet. Die meisten Quellen des 
Gebietes liegen auf einem tieferen Quell-horizont im Bereich 
WeiBer Jura alpha/beta. 

Im SOdwesten des Gebietes liegen die Quellen bereits im 
Braunen Jura. Die oberen Schichten des Braunen Jura epsilon 
bis zeta sind ebenfalls tonig. 

Die Entstehungstheorie 

Bei der eingehenden Beschaftigung mit AbriBklOften wurden 
immer wieder markante Erscheinungen an den verschiedensten 
AbriBklOften beobachtet: Dies waren z. B Quellen unterhalb von 
AbriBgebieten, ein zick-zackfbrmiger Spaltenverlauf, wenn der 
AbriB diagonal zum Kluftgitter erfolgte. Weiterhin stellten wir fest, 
daB an sOdseitigen Hangen die AbriBklOfte im Verhaltnis zum 
Gesteinsversatz breiter sind als an nordlichen. Wesentlich fur die 
Genese ist jedoch die Schubwulst, die sich vor dem Driftblock 
gebildet hat, wahrend sich dieser bewegte. Von groBer Bedeutung 
fur diese Theorie war das Auffinden einer Harnischflache in den 
Mergelschichten, die eindeutig beweist , daB es Bewegungen in 
den Mergelschichten gibt. 

Nachdem uns nun diese Anhaltspunkte gegeben waren , 
suchten wir nach einer Theorie, welche jedock in der Literatur 
nicht gefunden werden konnte. Nun wurde von uns eine vollig 
neuartige entwickelt. Generell sind im Arbei$tgebiet zwei 
grundsatzlich verschiedene Entstehungsarten zu unterscheiden: 
- Die Entstehung auf erosive Weise 
- Die Entstehung auf die WMTG-Weise 
(Wasser-Mergel-T ransport-Gleitweise.) 

Die Entstehung auf erosive Weise 

Die erosive Entstehung soil hier nur kurz abgehandelt werden. 
Sie beruht auf einer mechanischen Versteilung der Hange, 
wodurch sich die wirksame Grundflache verkleinert, die die 
Normal kraft F N des AbriBblockes und des Mergels auf den 
Untergrund Obertragt. 1st nun die Grundflache so klein , daB FN 
fur -FN zu groB wird , beginnt der Mergel durch ein Abdriften in 
Talrichtung den Hang wieder abzuflachen bis wieder eine 
genugend kleine Flachenlast erreicht ist. 

Die Entstehung auf die WMTG-Weise 

Durch wasserwegsame KIOfte gelangt Niederschlagswasser 
zu den Mergelschichten und weicht diese im Laufe der Zeit auf. 
Mergel besitzt die Eigenschaft, bei Wasseraufnahme sein 
Volumen zu vergroBern, also aufzuquellen. Steht er aber unter 
groBem Druck, wie dies unter der Hochflache der Treffelhausener 
Berghalbinsel der Fall ist, so kann er durch die starke 
Komprimierung kein Wasser aufnehmen. Das Wasser wird 
gezwungen, oberhalb der Mergelschichten durch die KIOfte der 
Bank-bzw. Massenkalke bergauswarts zu flieBen. Durch die 
geringe Uberlagerung im Traufbereich ist der Gesteinsdruck nicht 
mehr so groB. Hier kann Wasser in die Mergel eindringen, wobei 
ein Aufquellen der Mergel oberhalb der Druckisolinie erfolgen 
kann . Die Druckisolinie wirkt sich ab dem Punkt aus, wo der 
Mergel durch bergauswartiges Nachlassen des Gesteinsdruckes 
die Moglichkeit besitzt Wasser aufzunehmen. Diese Linie dOrfte 
eine mehr oder weniger steile Gerade sein, wobei sie unterhalb 
des Traufubergansgsbereiches des WeiBen Jura alpha/beta und 
gamma/delta ihren tiefsten Punkt erreicht und danach in einem 
gewissen Abstand im Berg das Talprofil nachzeichnet. Daraus ist 
ersichtlich , daB das Schichtfallen fur diese Linie nicht von 
Bedeutung ist. Sehr wohl von Bedeutung ist die Schichtneigung 
fur die Betrachtung der Gewichtskraft G des AbriBblockes, die 

im ruhenden Zustand durch die beiden Ableitungskrafte F N und 
FH (Hangabtriebskraft) ersetzt wird . Eine der wichtigsten Krafte 
fur die Entstehung eines Abrisses ist F N' die senkrecht zu der 
Schiefen Ebene der Schichten wirkt. Wenn man nun die 
Wirkungslinie von F N mit der Druckisolinie der 
Wasseraufnahmefahigkeit des Mergels korreliert, erkennt man, 
daB im Soden die Wirkungs-linie sehr viel eher auf die Druckisolinie 
trifft als im Norden, wo die Wirkungslinie sehr steil bergauswarts 
verlauft. Im Norden befindet sich also gegenuber dem Soden 
mehr durchfeuchteter Mergel unter der Auflageflache, die FN des 
AbriBblockes auf den Mergel ubertragt. Dabei ist zu erkennen, 
daB mehr durchna.Bter Mergel einen kleineren Widerstand F N 
entgegensetzt. Somit ist im Norden eher ein Einsinken moglich 
als im Soden. Wenn nun die Gegenkraft-F N des Mergels der F N 
des AbriBblockes nicht mehr gewachsen ist, sinkt der AbriBblock 
in den Mergel ein . Dadurch sind die wirksamen Krafte nicht mehr 
FN und FN, sondern nur G, die durch das Schicht-fallen bedingt 
auf eine kleinere Flache eine groBere Kraft ausObt und somit zum 
schnelleren und tieferen Eindringen fOhrt. Eine Kraft , die G 
entgegen wirkt, ist die Auftriebskraft FA nach dem Archimedischen 
Prinzip. 

G ~ Gew ichtslcrott des AbrillbtockH b~m Einsinken 

s• A ehemaliger Schwerpunkt du Abr inblockes 

S a Schwerpunkt dts Abrinbktckos 

- ~ schemot isiorto Druckisolinie 

- -· 4 Einsinkkurva dH AB 

~ £: durchni:iRtu Mergel 

(;E;j Q Morgtl 

i=:::.··...:.:·c..::.-=.;:::;:::_.:::::.,·~..:.;:/'-'-t~{,--,:..:.f :..:.\~'-'-I :..::'.:;c.;+::...cr<a.:..:::":-'-;:,.o..}:.:..::r.i...·i~~~-==---==:.._-=--~ A 

FR ~ Rei bungskraft zwischen AB und BosiskOrper 

FHM~ Hongabtri•bskrofl der Mergel schichten 

FH ~ Han9ablriebskroft des ruhenden AB 

FN :. Nor molkroft des ruhonden AB 

FA .:0 A u ftr iebskroft dt-s AB 

FM ~ Mergetschubkrott 

~ :. Bonk- bzw. · ·. • · 
Massenkolk • .-;.~-_ : : 
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Bis jetzt wurden nur krafte betrachtet, die zum Einsinken des 
Blockes in Beziehung stehen. Fur die Spaltenbildung ist jedoch 
eine andere Kraft von entscheidender Bedeutung. Dies ist die 
Kraft des aufquellenden Mergels FM• die wahrend der 
Ausdehnungsphase an dem Punkt beginnt, wo die Druckisolinie 
den Schichtgrenzbereich zwischen Kalken und Mergeln 
schneidet. Der bergauswartige «Transport» des AbriBblockes kann 
nur dann beginnen , wenn der Block bereits ein Stuck weit in den 
Mergel eingesunken ist. Des weiteren besteht die Moglichkeit, 
daB der Driftblock mit den Mergelschichten auf den 
darunterliegenden abgleiten kann, was durch Wasseransammlung 
im Mergelschichtgrenzbereich erleichtert wird . Dieses «Gleiten», 
sowie FM werden durch ein Schichtfallen bergauswarts in ihrer 
Wirkungsweise begOnstigt, jedock wirkt die Reibungskraft FA 
zwischen den Mergelschichten dagegen. Durch das 
Zusammenspiel der verschiedenen Krafte bewegt sich der 
Sa:hwerpunkt des AbriB-blockes entlang einer Kurve. Wird nun 
F N fur -F N zu groB, so wirkt G und der Block sinkt zunachst 
entlang der G-wirkungslinie senkrecht ein , wobei FA proportional 
mit dem Einsinken wachst. Nun hat FM einen Angriffspunkt am 
AbriBblock und transportiert diesen bergauswarts. Bei 
Betrachtung der Druckisolinie wird der durchnasste Mergel, unter 
der Auflageflache des Blockes, durch die Bergauswartsbewegung 
immer machtiger, wobei er weiter einsinken kann und hierdurch 
fur FM mehr Angriffsflache bietet. Durch die Kompensierung von 



G, durch FA• steigt die Transportstrecke im Verhaltnis zum 
Einsinken immer weiter an und die Kurve flacht ab, was durch 
Gleiten verstarkt werden kann. Zu FM kann sich an der Sudseite 
des Gebietes FH des Mergels und des AbriBblockes dazuaddieren . 
Im ·Norden wurde sie sich als Gegenkraft auswirken. 

Fur das Einsinken gibt es lokale Unterschiede, die vom 
Kluftfallen abhangen. Zeigt dies nach Norden, so tritt an 
nordlichen Hangen zwischen Basikorper und AbriBblockes 
Reibung auf. Sie wird durch die sudwarts weisende FH des 
AbriBlockes verstarkt, was sich negativ auf das Einsinken 
desBlockes auswirkt. Zeigt das kluftfallen nach Soden, so tritt 
hier nur Haftreibung auf. Im Soden m0Bte es entgegengesetzt 
sein, um gleiche oder ahnliche Wirkung zu erzielen. An jedem 
Punkt der Einsinkkurve ist die Tangente der resultierende 
Kraftvektor aus der horizontalen und vertikalen Kraftkomponente. 
Durch diese Darlegungen ist offensichtlich, daB die resultierende 
Bewegungslinie im Norden steiler als im Soden verlaufen wird . 
Zu diesen theoretischen Uberlegungen muB jedoch hinzugefugt 
werden, daB durch Mitwirkung der erosiven Entstehungsweise 
diese Kurve nochverandert werden kann. 
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Granitoid Corrasional caves in California 

Dave Bunnell & Bob Richards 

RESUM 

Les coves formades en granit son c/assificades sovint com a coves de «ta/us11, «bou/den1 o «purgatory11. Mattes coves d 'aquest 
tipus estan formades, unicament, per cavitats amb un sostre sobreposat entre grans blocs. A California hi ha dos exemples a 
destacar de coves granftiques, la formacio de /es qua/s cal atribuir-/a a /'accio corrosiva dels corrents d 'aigua actius que circulen 
al seu sf L 'aigua que flueix per !es sorgencies transporta, a traves de !es cavitats, gran quantitat de sediments, formant profunds 
avencs, empremtes de corrent i altres formacions de corrosio vadosa. El sistema Greenhorn es, possiblement, la cavitat mes profunda 
de granit def mon (152 m. de profunditat) i, potser, la mes llarga, amb mes de 1,8 Km, topografiats. El sistema recentment explorat 
de Millerton Lakes conte 3 segments que tota/itzen mes d'un quilometre. D'e/1 cal destacar els mes de 320 m. de passadissos de 
cano continu, amb un promig de 10 m. d'a/tura i 1,5 m. d 'amplada. 
El treba/1 versara sabre els factors geologies que condueixen a la formacio ciaquests tipus de coves que se surten dels esquemes 
mes corrents. 

RESUMEN 

Las cuevas formadas en granito son c/asificadas a menudo coma cuevas de «talus11 «boulder» o «purgatory». Muchas cuevas 
de este tipo estan formadas unicamente par cavidades con techo superpuesto entre grandes bloques. En California hay dos ejemplos 
destacables de cuevas granfticas, que deben su formacion a la accion corrosiva de las cursos activos que circulan a traves de 
el/as. Las aguas que fluyen par manantia/es transportan a traves de las cavidades grandes volumenes de agua cargada de sedimentos, 
formando profundas simas, hue/las de corriente y otras formaciones de corrosion vadosa. El sistema Greenhorn es posiblemente la 
cavidad mas profunda def mundo en granito, cerca de 152 m. de profundidad y quizas la mas larga, con mas de 1,8 km. topografiados. 
El sistema recientemente explorado de Millerton Lakes contiene 3 segmentos totalizando mas de 1 km. Es notable par tener mas 
de 320 m. de pasadizos de canon contfnuo con un promedio de 10 m. de altura y 1,5 m. de anchura. En el trabajo se discutira 
sabre las factores geologicos que llevan a la formacion de estas cuevas que sa/en de lo corriente. 

SUMMARY 

Caves formed in granite are often classed as «talus», «boulder» or «purgatory11 caves. Many such caves are composed simply 
of roofed-over cavities between boulders. In California there are two outstanding examples of granitoid caves which owe their 
formation to the corrasive action of active streams which flow through them. Spring floodwaters carry high volumes of sediment-laden 
water through the caves, forming large potholes, scallops, and other vadose corrasiona/ spe/eogens. The Greenhorn system may 
be the world 's def!pest granite cave at 152 m of depth, and perhaps the longest with over 1.8 km surveyed. The recently explored 
Millerton Lakes system contains 3 segments totalling over 1 km. It is notable for having over 320 meters of unbroken canyon passage 
averaging 10 m high and 1.5 m wide. The paper will discuss geological factors leading to the formation of these unusual caves. 
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The Quartzitic Speleological District of the Parque Florestal Estadual do 
lbitipoca, Minas Gerais, Brazil 

RESUM 

Rui Campos Perez 
Wilson Roberto Grossi 
Fundar;ao Centro Tecnologico de Minas Gerais-CETEC 

Localitzat entre Jes serralades de Mantequeira i lbitipoca (Minas Guerais, Brasil), el districte espe/eo/ogic de/ «Parque Foresta/ 
Estadua/ do lbitipoca (Parque Foresta/ de/ Estado de Jbitipoca) compren 12 cavitats de quarsites. La major part d 'aquestes cavitats 
aconsegueixen desenvolupaments compresos entre els 300 y 600 m., amb varies ga/eries i sales que sobrepassen, en molt, els 20 
m., tant d'alr;;ada com d 'amplaria. 

Les peculiars dimensions, la diversificaci6 microclimatica, els aspectes «cenic11 de Jes ca vita ts, fan d'aquest un districte espe/eo/ogic 
unic en el seu genere a Minas Gerais i potser en tot el Brasil, la qua/ cosa fa que aquesta regi6 sigui de gran interes per al 
desenvolupament sistematic de la investigaci6 cientffica i per a Jes activitats turfstiques. 

RESUMEN 

Loca/izado entre las cordilleras de Mantequeira e lbitipoca en Minas Guerais, Brasil el districto espe/eo/6gico de/ Parque Foresta/ 
Estadual do lbitipoca (Parque Foresta/ de/ Estado de lbitipoca) inc/uye 12 cavidades en cuarcitas. La mayor parte de estas cavidades 
alcanzan desarrollos entre 300 y 600 m., con varias galerfas y sa/as que sobrepasan en mucho /os 20 m. tanto de altura como de 
anchura. 

Las peculiares dimensiones, la diversificaci6n microclima.tica, los aspectos «cenic11 de las cavidades, hacen de este un distrito 
espeleo/6gico unico en su c/ase en Minas Gerais y quiza.s, en Brasil, en consecuencia se va/orizan estos Jugares para el desarrollo 
sistema.tico de la investigaci6n cientffica y actividades turfsticas. 

SUMMARY 

Located between the Mantiqueira and lbitipoca mountain ranges, in Minas Gerais, Brazil, the speleological district of the Parque 
Florestal Estadua/ do lbitipoca (lbitipoca's State Forest Park) comprises 12 caves inserted in quartzites. 

Most of these caves reach developments between 300 and 600 meters, with several galleries and halls measurinr) as much as 
20 meters in height and width. 

The peculiar dimensions, the microclimatic diversification and the cenic aspects of the caves make this speleological district 
unique in its kind in Minas Gerais and, perhaps, in Brazil, therefore qualifying their sites to the systematic development of scientific 
reseach and supervised tourism activities. 

Introduction 

The earliest reference concerning the occurrence of caves 
developed in quartzitic rocks at the Serra do lbitipoca (lbitipoca 
Sierra), in the municipality of Lima Duarte, state of Minas Gerais, 
Brazil , is registered in «Mem6rias Corograficas», 1922, by Alvaro 
da Silveira. 

A later mention of such caves , almost fully transcribed from 
the above reference, is found in «As grutas em Minas Gerais», 
edited by the Departamento Geral de Estatfstica, Belo Horizonte, 
1939. 

The following notes are based on three field surveys made 
by the authors , in June and July, 1985, and January, 1986. 
In this paper, the authors consider a speleological district as 
being an area of relevant , although local , incidence of caves 
within a speleogical province, regardless of the carbonatic or 
non-carbonatic nature of the terrain where such caves are 
inserted . 

Location 

The speleological district of the Serra do lbitipoca is located 
within the limits of the twenty years old Parque Florestal Estadual 
do lbitipoca - P.F.E.I. (lbitipoca's State Forest Park) in Lima Duarte, 
Minas Gerais. 

This park is managed by the lnstituto Estadual de Florestas 
I.E .F. (State Forests Institute). Its area is about 1480 ha, being 
limited in its east and west borders, respectively , by the lbitipoca 
and Mantiqueira mountain ranges . It is crossed from north to 
south by the Saito river (see location map, chart SF. 23-X-C-Vl-1, 
Bias Fortes, esc. 1 :50.000; IBGE, 1976). 
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Geology and Geomorphology 

Within the P.F.E.I. 's borders, the lbitipoca and Mantiqueira 
sierras are constituted by thick strata of quartzites belonging to 
the Piedade Complex (Silva et al. , 1978). 

These sierras compose a large synform structure within which 
occur fault scarps and canyons, both paralel or transverse to the 
Saito river. 

The culminating features in the area are the lbitipoca (altitude 
1.784 m), Piao (altitude 1.707 m), Vargem Grande (altitude 1.686 
m.) and Lagoa Seca (altitude 1.660 m) peaks. The Saito River 
begins at an altitude of 1.640 m and reaches its lowvest point 
within the P.F.E.I. 'limits at 1.100 m. , after a descent of 5 kilometers . 

The outcroping quartzites are weathered and washed to a 
high degree, and frequently folded and foliated . 

At least two kinds of quartzite were observed : a very coarse, 
very pure quartzite, with carbonatic matrix absent, and a fine, 
clay rich quartzite. Both eventually contain variable amounts of 

...,.r 

P.F.E.I . location 

Salto river 

Speleological sites 
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muscovite and sericite; close to quartz dykes and veins, garnet 
and tourmaline occur as accessory minerals. 

Speleology 

Up to now, about 13 speleological sites have been identified 
in the P.F.E.I. : grutas Ponte de Pedra, das Bromelias, da Cruz, 
dos Tres Arcos, dos Moreiras, do Piao, dos Viajantes, dos Coelhos, 
do Martiniano, do Fugitivo, da Cachoeirinha, do Monjolinho and 
das Dobras. 

Some of then are constituted by more than three caves, 
inserted between altitudes of 1.350 and 1.650 meters. It is 
extremely probable that other caves, still unknown, will be found 
in the area. 

During the three field surveys help in 1985 and 1986, the 
authors visited and partially explored most of the sites mentioned 
above. 

Many of the caves reach development between 300 and 600 
meters, with several galleries, rooms and halls measuring as much 
as 20 meters in height and width. 

Regarding their genesis and evolution , elastic or erosion 
process predominated or are in course, depending mainly on the 
grain sizes of the quartzites. The former case is connected to 
the coarse rocks and the latter to the fine, clay rich , ones. Of 
couse, in both cases the tectonic structures have a decisive role 
in the general size and orientation of the halls, rooms and galleries. 
Cemented reconstruction forms are virtually absent, with the 
exception of a few, but remarkable, silica speleothemes. 

The visited caves have very diversified climates, hence 
sheltering a multitude of life forms well adapted to darkness. 

One of the caves already explored and mapped, the Gruta 
das Dobras (Folds Caye), synthetically described below, may 
ilustrate the importance of the speleological district of the P.F.E.I. 

- PERFIL LONGITUDINAL -
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The Gruta das Dobras is situated at an altitude of 1 .550 
meters, with a linear development of 82 meters and the greatest 
difference in the floor level being of 14 meters. Its two entrances 
are close to each other and a tiny creek flows from a long fracture 
near the largest one, as shown in the map. The main development 
is a slope covered with fallen boulders from the ceiling and walls , 
some sand and a deep layer of bird guano. 

This cave is developed in coarse quartzite and some 
recumbent folds are clearly noticeable on its walls. Its genesis 
was defined by the structural features , the fractures and the 
elastic processes hence activated. The longitudinal profile and 
sections show areas where the cave is enlarged due to the fall 
of the foliated ceiling ; the great amount of fallen boulders and 
the skylight enhance such reasoning. 

This cave has also a great importance from an ornithologic 
point of view, because it periodically shelters a huge population 
of birds called «andorinhao de coleira falha» (Streptoprocne 
biscutata), a species that has been found in Minas Gerais, up to 
now, only in the P.F.E.I. This year, about 400 specimens were 
observed together in the Gruta das Dobras, a hundred of which 
have been rung for the sake of migration control, as part of a 
long term research program supported by the I.E.F. 

Present Situation 

All the caves and ecosystems within de Parque Florestal 
Estadual do lbitipoca -P.F.E.I. are under management of the 
lnstituto Estadual de Florestas -1.E .F. 

The peculiar features and dimensions, the microclimatic 
diversification and the remarkable scenic aspects of the caves 
make this speleological district unique in its kind in Minas Gerais 
and, perhaps, in Brazil, therefore qualifying their sites to the 
systematic development of scientific research, besides tourism 
programs. 

Full suport for carefully supervised tourism and camping 
activities is being implanted by the I.E.F. 

Also, a geo-speleological characterization project for the 
P.F.E.I. has been proposed by the authors and is supposed to 
begin in March'86, with the support of the I.E.F. and the Fundac;:ao 
Centro Tecnol6gico de Minas Gerais -CETEC (Technological 
Center of Minas Gerais Foundation). 
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Cavidades en rocas cuarciferas del grupo Roraima, Venezuela 

RESUM 

Por Franco Urbani P. 
Universidad Central de Venezuela, Dept. de Geologfa y Sociedad 
Venezolana de Espeleologfa 

Entre el 1972 i el 1976 es van exp/orar Jes espectaculars coves d 'Antana i Sarisariflama en els rel/eus quarsftics de/ sud de 
Vener;uela i es van deduir algunes idees genetiques. Fins /'any 1977 es varen estudiar moltes coves, normalment mes petites pero 
amb sistemes actius molt instructius (Uratany, Guaiquinima Aonda, Aguapira, etc). Aquest treba/1 va ajudar a comprendre mil/or el 
fenomen, tent possible defensar en l'actua/itat hipotesis bastant senzil/es. El proces es va iniciar amb /'erosio de/ material de 
cimentacio de Jes roques silfciques, que van perdre rapidament els grans. Aquesta tasca d'arenitzaci6 de Jes roques exposades a 
/'accio ambiental va anar en augment a traves de Jes diac/asses, plans d'estratificacio, etc. En els /lacs mes propicis l'aigua pot 
comenr;ar a drenar lentament en els punts mes baixos, originant-se «chanelways by piping11 i iniciant-se /'elevacio de Jes coves 
observades. En els estats d 'erosio mes avanr;ats, l'exfol-liacio i l'enderrocament de Jes parets de la cova contribueixen a engrandir 
cada cop mes Jes galeries. Els punts de drenatge poden trobar-se, com a molt, 400 m. mes avail, com es el cas d 'Aonda, o be 
tant sols a uns pocs metres. D 'aquesta manera, la progressio d 'aquests fenomens, tant a petita com a gran escala, acaba originant 
coves verticals i/o horitzontals. 

RESUMEN 

Entre 1972-1976 se exploraron las espectacu/ares cuevas de Antana y Sarisariflama en /os relieves cuarcfticos def Sur de 
Venezuela y se dedujeron algunas ideas geneticas. Hasta 1977 fueron estudiadas muchas otras cuevas normalmente mas pequenas 
pero sistemas activos muy instructivos (Urutany, Guaiquinima, Aonda, Aguapira, etc.). Este trabajo ayudo a comprender mejor el 
fenomeno, permitiendo en la actualidad defender una hipotesis bastante sencil/a. El proceso se inicio con la erosion de/ material de 
cimentacion de las rocas silfcicas, perdiendo rapidamente /os granos, este trabajo de arenitizaci6n en las rocas expuestas y avanzo 
a traves de las diaclasas, pianos de estratificacion, etc. En /os lugares adecuados el agua puede empezar a drenar lentamente en 
/os puntos mas bajos, produciendose «chanelways by piping11, dando lugar a un levantamiento en las cuevas observadas. En estados 
de erosion mas avanzados la exfoliacion y el derrumbamiento ayudan a ensanchar las galerfas. Los puntos de drenaje pueden estar 
coma mucho 400 m mas abajo coma en Aonda, o bien so/amente a/gunos metros, de este modo /os trabajos tanto a pequefla coma 
a gran escala originan cuevas verticales y/u horizontales. 

SUMMARY 

In 1972-1976 the spectacular Autana and Sarisariflama caves developed in the quartzitic mountains of southern Venezuela were 
explored and several genetic ideas were pointed out. Since 1977 many more caves were studied usually much smaller but very 
instructive active systems (Urutany, Guaiquinima, Aonda, Aguapira, etc.). This work helped to understand better the phenomena 
permiting now to postulate a rather simple working hypothesis. The process starts by weathering the rock siliceous cementing 
material loosing slowly the grains, this process of arenitization works on the exposed rocks and advances through joints, bedding 
planes, etc. In appropiate places water may slowly start draining at lower points generating chanelways by piping giving rise to the 
observed caves. In more advanced stages erosion, exfoliation and collapses help to enlarge the passages. The draining points may 
be as much at 400 m below as in Aonda or just a few meters, so the process works as well in large and small scale producing 
vertical and/or horizontal caves. 

Introduce ion 

Aspectos geologicos: En el estado Bolivar y Territorio Federal 
Amazorias al sur de Venezuela, aflora parte del escudo Precambri
co de Guayana, caracterizado par rocas igneo-metam6rficas con 
edades tan antiguas coma 3,4 Ga, cubiertas discordantemente 
par rocas sedimentarias del Grupo Roraima (1, 8-1, 5 Ga), cuya 
localidad tipo es el Monte Roraima en el area de la frontera triple 
entre Venezuela, Brasil y Guayana. La morfologia tipica de las 
regiones donde aflora el Grupo Roraima lo constituye las grandes 
mesetas con paredes verticales , que pueden llegar a mas de un 
Km de desnivel, tal coma en Auyantepuy donde se encuentraa 
el Churun-Meru (o Saito Angel) la cascada mas alta del mundo. 
La litologia predominante de Roraima son arenitas cuarcfferas y 
minoritariamente arenitas lfticas, feldespaticas, conglomerados, 
arcosas, wacas cuarciferas, lutitas y limolitas interestratificadas. 
Estudios realizados en varias localidades han mostrado evidencias 
de metamorfismo de bajo grado (aparentemente de contacto) 
con desarrollo de pirofilita y andalusita. Debe apuntarse que el 
cementa de las arenitas es fundamentalmente sflice autigenico, 
a diferencia de algunas , zonas europeas, donde se desarrollan 
cavidades en areniscas, pero estas son calcareas o estan relacio
nadas con rocas carbonaticas. Un resumen geol6gico de Guayana 
puede consultarse en GONZALEZ DE JUANA et. al. (1980). 

Exploraciones: Por primera vez en 1972 se explora una cavidad 
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en rocas de Roraima, fue la Cueva Autana con caracterfsticas 
unicas en su tipo (COLVEE, 1973; S.V.E., 1976a), pero fue s61o 
despues de otras dos exploraciones cuando surge una hip6tesis 
aceptable sabre su origen (GALAN, 1982).En 1976 se estudian 
las simas en Sarisarinama (S.V.E., 1976b), donde las claras relacio
nes de campo hicieron posible la presentaci6n de una hip6tesis, 
segun la cual las cavidades se formaron par un proceso de 
tubificacion (piping), actuando sabre una roca transformada local
mente a un material tan friable, donde al simple contacto de la 
mano esta se desmorona (es extremadamente dura y maciza 
cuando esta fresca). Tambien se postul6 un proceso de alteraci6n 
hidrotermal como responsable del proceso de transformaci6n de 
la roca fresca al material deleznable (URBANI, et al., 1976; URBA
NI, 1981). «Una reevaluaci6n de los dates de campo y laboratorio, 
no sustenta adecuadamente la idea de alteraci6n hidrotermal, 
por consiguiente no la utilizaremos hasta que no hayan dates 
mas convincentes. De todos modes conviene dejar abierta la 
posibilidad de que procesos end6genos (actividad hidrotermal, 
etc.) puedan haber generado «zonas debiles» que luego serian 
mas facilmente atacadas par la meteorizaci6n quimica». 

En 1977 se explorr al sistema activo de Guaiquinima (SZCZER
BAN et al., 1977), y las cavidades de Urutany, El Abismo y El 
Tigre (S.V.E., 1977). En 1983 se descubre la Sima Aonda (-362 
m) actualmente la mas profunda de Venezuela (S.V.E .. , 1983). 
En las anos 1984-1986 se estudian las zonas del Rio Aponguao 



(dos cavidades) , Aguapira (11 cavidades) , Kukenan (cuatro cavi
dades) y Auyantepuy (cinco cavidades) (S.V.E., 1986). Este traba
jo exploratorio, junto al reconocimiento aereo y el analisis de 
fotografias aereas han mostrado la existencia de cavidades (o al 
menos su posibilidad), en la mayor parte de las mesetas de 
Roraima. Se nota tambien que la mayoria (o al menos los mayores) 
de estos fenomenos , se encuentran localizados en las cercanias 
a -zonas con desniveles abruptos, ya sean los grandes escarpes 
externos de las mesetas, o escarpes menores dentro de ellas, 
cafiones amplios o estrechos, valles en V, etc. Algunos sitemas 
de poco desnivel se desarrollan siguiendo el suave buzamiento 
de las rocas. 

Para enero de 1986 las cavidades topografiadas con mayor 
desarrollo son : Sima de la Lluvia de Sarisarifiama (1 .352 m), Sima 
Menor de Sarisarifiama (1 .179 m), Cueva Aguapira 6 (680 m), 
Cueva Autana (653 m) y Cueva El Tigre (485 m). Las de mayor 
desnivel son: Sima Aonda (-362 m), Sima Auyantepuy Norte 
(-320 m), Sima Mayor de Sarisarifiama (-314 m), Sima Aonda 
Este 2 (- 295 m), Sima Aonda Sur 2 (-290 m), Sima Menor de 
Sarisarifiama (-248 m) y Sima de la Lluvia (-202 m). Mas detalles 
sobre estas formas en rocas de Roraima puede consultarse en 
URBANI (1986). 

Origen de las formas: Una hip6tesis de trabajo 

Observaciones de campo: Las cavidades se generan por la 
remocion mecanica de los granos de arena de cuarzo, actuante 
sobre las rocas cuarciferas previamente transformadas a un mate
rial friable . Esta alteracion se produce a traves de las superficies 
intergranulares, por algun mecanismo que actua sobre el material 
cementante de los granos. 

Consideraciones te6ricas: La meteorizacion quimica de rocas 
cuarciferas como las de Roraima, actua por la disolucion del 
cuarzo [«SiO2 + 2Hp = H4SiO4»], que es esencialmente indepen
diente del pH en el intervalo 3-7 de las aguas de la zona. En las 
arenitas cuarciferas el cemento siliceo le imparte mucha consis
tencia a la roca, pero su disolucion aun en pequefias cantidades 
hace que la cohesion disminuya casi «exponencialmente». MARTI
NI (1981 -1984 b) muestra que debido a la poca solubilidad del 
cuarzo y especialmente su tasa de disolucion extremadamente 
baja, la disoluci6n pueda actuar no solamente a traves de diacla
sas sino tambien intergranularmente, permitiendo la transforma
cion de las rocas macizas y duras a masas deleznables (muy 
porosas y permeables) , sobre las cuales pueden actuar los proce
sos de remocion mecanica. En un modelo matematico muestra 
que este lento proceso de disolucion, pudiera permitir que fisuras 
del orden de 2 micrones de ancho y con profundidades de unos 
100 m, puedan ensancharse hasta 100 micrones en un periodo 
de 300 afios. Concluye entonces que las formas carsicas no 
estan controladas solamente por la solubilidad , sino tambien en 
alto grado por la tasa de disolucion del mineral involucrado. 

Una hip6tesis de trabajo: 
1. 8 etapa: La meteorizacion quimica de la roca disuelve el 

cuarzo a traves de las superficies intergranulares de los granos 
primarios del mismo material , produciendo una decementacion 
(arenizaci6n) paulatina de la roca. En las zonas cercanas a los 
grandes escarpes, donde hay una gran densidad de fracturas 
que pueden alcanzar mucha profundidad, por medio de ellas el 
proceso continua hacia abajo y eventualmente puede extenderse 
lateralmente a traves de los pianos de estratificacion . 

za etapa: Cuando la porosa y permeable zona decementada 
alcan?a o es alcanzada por una «superficie abierta» (pared de 
los escarpes o la superficie de un valle a una cota inferior), 
empieza a actuar sobre ella el proceso de tubificaci6n («piping»), 
en cuyas etapas iniciales requiere de una alta presion de agua 
(MARTINI , 1984 a). Esto ultimo puede cumplirse facilmente en 
las zonas de borde de los grandes escarpes donde los sistemas 
hidrologicos pueden tener desniveles de decenas a centenares 
de metros. 

3.8 etapa: Una vez iniciado el proceso de tubificaci6n, se 
pueden originar galerfas en alguna parte del sistema. En un 
principio podran funcionar en condiciones freaticas , lo cual facilita 
la tubificaci6n, posteriormente al aumentar sus secciones (y /o 
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disminuir el caudal de agua), podran pasar a condiciones vadosas, 
donde la erosion y colapsos pueden ser importantes para incre
mentar diametros. A medida que los conductos se hagan mayo
res , los colapsos actuaran mas intensamente y los bloques des
prendidos, eventualmente podran ser removidos por la meteoriza
cion y erosion. En esta etapa de crecimiento volumetrico de la 
cavidad, pueden surgir muchas variaciones dependiendo de fac
tores litologicos, estructurales e hidrol6gicos locales, que explica
rian la diversidad de formas generadas, desde enormes cavidades 
(Sarisarifiama y Auyantepuy) , hasta pequefios sistemas (Rio Apon
guao), asi mismo pueden generarse cavidades predominantemen
te verticales y/o horizontales. 

4. a etapa: Cuando cesa la circulacion del agua la cavidad 
deja de ser activa y se interrumpen los procesos de disolucion 
intergranular, tubificaci6n y erosion. Sobre estas cavidades po
dran actuar otros procesos como la solifluxi6n, colapsos y exfolia
cion , esto ultimo actua principalmente sobre rocas muy isotropi
cas, conviertiendose en un factor importante de ensanchamiento 
de galerias (e.g.: Cueva Autana, GALAN , 1983). 

Otros comentarios: En algunos sistemas donde se ha estudia
do la zona de sumideros, la circulaci6n hidrica subterranea y las 
cavidades de las surgencias, no se encuentra comunicacion entre 
las dos ultimas partes. Esto es debido a que las galerias se 
hacen muy estrechas o no existen, ya que el fondo de las cavida
des usualmente esta colmado por un material suelto muy permea
ble constituido por arena y fragmentos de rocas de todo tamafio , 
permitiendo el paso del agua sin que necesariamente existan 
galerias explorables. La cota de la surgencia se convierte en el 
nivel de base local de excavaci6n, y todo el sistema actua como 
un gran «reloj de arena», pudiendo haber un enorme volumen de 
material listo para ser desalojado (parte superior del «reloj»), uno 
o varios «conductos» estrechos (estrechez del «reloj») total o par
cialmente llenos del material , y la surgencia al exterior del sistema 
(parte baja del «reloj»). Para terminar, creemos que este modelo 
es aplicable en forma general a todas las formas conocidas, pero 
es necesario realizar mucha investigaci6n adicional para explicar 
detalles individuales, por ejemplo, la causa por la cual en algunas 
cavidades se observan niveles mas alterados que otros, a pesar 
de que aparentemente estaria involucrada la misma roca original , 
o cuales son los factores controlantes de la ubicacion de las 
cavidades conocidas, etc. 

Carso vs. Pseudocarso 

La definicion clasica de carso, se basa en la existencia de 
una circulaci6n subterranea del agua a traves de cavidades, con 
sumideros y resurgencias . Las formas superficiales son muy diver
sas: varian desde pequefia escala (acanaladuras y «lapiaz»), esca
la intermedia (depresiones como dolinas y uvalas, formas residua
les como torres y conos) , hasta gran escala (poljes, valles secos 
y gargantas) . En el subsuelo pueden existir cavidades a toda 
escala. Asi mismo, existe el proceso reversible disolucion-precipi
tacion de minerales. 

Para las formas que nos ocupan, algunos autores han emplea
do el termino carso (e.g .: WHITE et al. , 1966; URBANI, 1981) y 
otros pseudocarso (e.g .: GALAN, 1983; POUYLLAU & SEURIN, 
1985). Como todas las caracteristicas del parrafo anterior se 
encuentran en las rocas de Roraima, preferimos utilizar el termino 
carso aun cuando se trate de rocas «poco solubles». No considera
mos apropiado clasificar estas formas como pseudo-carsicas o 
pseudo-cua/quier-otra-cosa ya que son formas reales formadas 
por un proceso, donde la disolucion juega un papel crucial, pero 
en menor proporcion y en una forma completamente distinta a 
lo que ocurre en el carso tipico de rocas «solubles». Por consi
guiente, proponemos: (1) Ampliar el concepto de sistema geom6r
fico carsico para incluir las formas desarrolladas en rocas cuarcife
ras de modo que: «El hundimiento del agua y su circulaci6n 
subterranea es la esencia de los procesos carsicos. Las formas 
carsicas pueden estar excavadas total o parcialmente por disolu
ci6n , y otros procesos pueden contribuir a incrementar sus dimen
siones; cuando esto ultimo ocurre en forma mayoritaria, la disolu
cion juega esencialmente un papel precursor inicial» (definicion 



modificada de FORD, 1978) (2) Si la anterior definicion no satisface 
a los carsologos, y se deja el termino carso solo para rocas 
«solubles», entonces preferimos crear un nuevo termino para estos 
fenomenos, y al igual que el nombre de la region italo-yugoeslava 
del caso sirvio para denominar la topograffa tipo carso (karst), 
los fenomenos aquf descritos pudieramos incluirlos dentro de una 
topograffa tipo roraima. Nosotros preferimos esta ultima alternati
va, pero esta decision le corresponde a la opinion internacio
nal. 
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Thermokarst in Siberia (USSR) 

Jaromfr DEMEK 
Czech Speleological Society, Praha, Czechoslovakia 

RESUM 
Es coneix amb el nom de termocarst el proces de fusi6 def gel d'un terreny, acompanyat d 'un enfonsament local i de la formaci6 

de depressions i cavitats. Aquest terme va esser introdui't per MM. Yermo/oyev a l'U.R.S.S., /'any 1932, essent actualment molt 
utilitzat en geologia, geomorfo/ogia i carstologia. 

A /es regions termocarstiques s 'hi originen formes subterranies i subaeries, com coves, tunels, pous en forma d'embut, valls 
seques, etc. El termocarst te 1/oc a regions on el terreny suporta un elevat contingent de gel. L 'autor presenta cavitats en diposits 
de /oess, provocades per la fusi6 de venes de gel. Tambe descriu buits semblants en tunels desenvolupats en /lots a/-luvia/s, que 
formen sistemes complexes. El proces de formaci6 d 'aquestes cavitats segueix essent degut a fenomens de subfusi6 («piping»). 
Els fenomens termocarstics poden esser considerats com a formes intermitges entre el carst glacial (l'origen def qua/ es degut a 
la fusi6 def gel glaciar) i /es formes pseudocarstiques (originades per la subfusi6). 

RESUMEN 
Par termokarst se conoce el proceso de disaluci6n de/ hielo def terrena, acompaflada por su hundimiento local y la formaci6n 

de depresiones y cavidades. Este termino fue introducido por MM. Yermoloyev en la URSS en 1932, siendo actualmente muy 
utilizada en geo/agfa, geomorfo/ogfa y karstologfa. 

En las regiones de termokarst se originan formas subterraneas y subaereas tales como cuevas, tune/es, pozos embudiformes, 
val/es secas, etc. El termokarst se da en las regiones dande el terreno pasee un elevado contenido de hie/o. El autar presenta 
cavidades en dep6sitos de loess, debidas a la fusi6n de venas de hie/o. Tambien describe vacfos semejantes a tune/es desarrollados 
en barros de a/uvi6n, que forman sistemas complejos. El proceso de formaci6n de estas cavidades continua debido a fen6menos 
de subfusi6n (piping). Los fen6menas termokarsticos pueden c/asificarse coma farmas situadas entre karst glacial -cuya origen se 
debe a la fusi6n def hielo glaciar,- y formas pesudokarsticas, - cuyo origen se debe a subfusi6n-. 
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SUMMARY 

Thermokarst is the process of melting of the ground ice accompanied by local collapse of the ground and the formation of 
depressions and cavities. The term thermokarst was induced by M.M. Yermolayev in the USSR 1932 and is now widely used in 
geology, geomorphology and karstology. In thermokarst regions, subterrean and subaerial forms develop such as caves, tunnels, 
funnel-shaped pits, dry valleys etc. Thermokarst occurs in regions having a considerable contents of ice in the ground. The autohor 
describes caves in loess deposits originating due to the melting of ice veins. Tunnels- like hollows are described developed in silty 
loams forming complex systems. Cavities are further developing due to the suffosion -piping-. Themokarst forms can be classified 
as forms situated between glacial karst -originating due to melting of glacial ice- and pseudokarst forms -originating due to suffosion-. 

It is difficult to establish to what extend pseudokarst can be 
considered karst. Pseudokarst is the name given to phenomena 
developed on non-limestone rocks, but which resemble karstic 
forms. Thermokarst is the process of melting of the ground ice 
and the consequences of this , i.e. the process is the same as 
in kettle-hole formation in a glacier (so-called cryokarst). Ice is a 
soluble mineral and the melting give rise to analogous landforms 
as in limestone rocks . The melting of the ground ice in permafrost 
areas is accompanied by local collapse of the ground surface 
and the formation of underground and subaerial forms such as 
funnel-shaped pits, larger basins with flat bottoms and steep 
slopes, dry valleys, ponors, caves, etc. The resulting georelief 
developed by solution of the ground ice in permafrost may be 
very similar to limestone karst phenomena. Thermokarst features 
are usually less permanent than comparable forms in limestone 
areas. 

The term «thermokarst» was introduced by M.M. Yermolayev 
in the USSR in 1932, and in the English language by S.W. Muller 
in 1944, and is now widely used in textbooks of geology, 
geomorphology and karsology. 

Thermokarst occurs in regions having a considerable ice 
content in the ground. This is why the most intensive development 
of thermokarst occur in lowlands. The development of thermokarst 
is due to the disruption of the thermal equilibrium of the permafrost 
and the increase in the depth of active layer. The reasons for 
the disequilibrium and permafrost degradation can be various. 
Roughly , they can be divided into two groups: climatic and local 
(CZUDEK-DEMEK, 1970, p. 103). 

The deposits of lowland areas in the subnival zone with 
permafrost often involve numerous thick masses of ground ice. 
The quantity of ground ice in fluvial , lacustrine and eolian deposits 
is frequently 80-90 %, of the total volume of deposits. Ground ice 
is defined as a body of more or less clear ice within frozen ground. 
Ground ice usually occurs in two basic forms: (1) segregated ice 
dispersed in the soil and (2) ice veins and ice wedges. Segregated 
ice is a broad term for soil with a high ice content. Segregated 
ice lenses vary in thickness from layers a few centimetres thick 
to massive ice bodies, sometimes tens of metres thick. The size 
of ice wedges varies considerably in space. In parts of northern 
Siberia ice wedges attain considerable dimensions, often 3 - 4 
m widenear the surface and extending downwards for 5 - 10 m. 
Some wedges extending downwards to depths in excess of 50 
m and being over 10 m wide near the surface. 

The distribution of ground ice is also important in thermokarst 
development. In some deposits most ground ice occurs in upper 
part of deposits . In other deposits the ground ice is distributed 
throughout the whole profile. Ground ice can be also found in 
ice cores of pingos and palsas. 

The solution of ground ice can manifest itself in the georelief 
in different ways. From the geomorphic point of view, the origin 
of thermokarst forms can be ascribed to lateral permafrost 
degradation (backwearing) and to permafrost degradation from 
above (down-wearing) as described below. 

Lateral permafrost degradation or backwearing takes place 
mainly as a result of lateral and vertical river erosion or marine 
and lacustrine abrasion. The result of these processes are ground 
ice slumps and thermocirques. 

Permafrost degradation from above or down-wearing occurs 
in flat undissected terrain mainly on watersheds. The most distinct 
thermokarst forms develop in areas of considerably ground ice, 
particulary where well developed ice wedges and ice-wedge 
polygons are present. They have been described in detail from 

central Siberia (CZUDEK-Demek, 1970, 1973, KACHURIN, 1961, 
SOLOVIEV, 1962, 1963, and others). The author studied the 
development of thermokarst landforms on the middle terraces of 
the Lena and Aldan Rivers in the Central Yakl!tian Lowlands 
(USSR). There is much ground ice mainly in the u~per loam layer 
(eolian deposits 20 - 40 m thick) . Thick ice veins occupy 30 -
60 % of the terrain surface. In addition, the ' loams have a 
segregated ice content of 40-80 %. 

The most common landform in which down-wearing 
thermokarst processes manifest themselves is a circular or oval 
depression termed an alas. The English terminology having 
adopted the names given to the formation by the Yakuts 
themselves. The formation of an alas is a sufficiently familiar event 
for the local people that they have their own words for the various 
stages of alas development. Well developed alas is a distinct 
terrain depression with steep sides and a flat bottom overgrown 
with green grass around the thaw lake. There are many places 
in the Central Yakutian Lowlands in which this alas georelief 
accounts for about a half of the surface area. Alas basins may 
vary in size from about 100 m to more than 10 km across and 
from 3 to 40 m in depths. 

The melting of ground ice and development of thermokarst 
landforms has considerably changed the aspect of Arctic 
Lowlands. In the Central Yakutian Lowlands, 40-50 % of the initial 
surface has been destroyed by the formation of alases. In the 
North the lowland on the right Jana River bank has almost 
completely lost its original appearance and has changed into a 
system of alas depresions mostly filled by thaw lakes. The 
thermokarst process from above created the lower level of the 
lowland, which is situated 10-15 m below the original surface 
(CZUDEK-DEMEK, 1970, p. 115). Thus the lowlands surface is 
similar to limestones plateaus with sinkholes. 

The coalescence of alases results in thermokarst valleys. In 
regions where alases develop near each other the ridges 
separating them are often destroyed., It is the similar proces as 
in limestone areas, where karst processes are destroing ridges 
among sinkholes and karst valleys are developing. The ground 
plan of thermokarst valleys is similar to above mentioned karst 
valleys displaying unexpected turns, blind spurs, and in places 
trend against the general inclination of the relief. The greatest 
part of thermokarst valleys is dry for almost the entire year. Only 
during the spring snowmelt does water rush down the whole 
grassy valley bottom. 
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Due to solution of ice veins are developing gullies on steep 
slopes. Melting of ground ice is associated with a piping. 
Especially in cover loams of eolian origin on terraces in the Central 
Yakutian Lowlands in gullies developed ponors and hollows. 
Percolating melting water removed solid particles of loams. 
Original caves developed in loams by solution of ice veins were 
enlarged by piping. Due to large dimensions of ice veins (more 
than 40m depth, more than 10 m wide near to the surface) and 
properties of cover loams originated hollows several tens of meters 
long and several meters in widhts. On crossing points of ice veins 
in polygons developed caves. Tubes are preserved along the 
margins of recently gullied flats such as river terraces of Lena 
and Aldan Rivers. But some thermokarst hollows were found also 
on watersheds between Lena and Amga River (CZUDEK-DEMEK, 
1973, p. 35). 

Common are tubes and caves along the margins of alases. 
During the development of sides of alases the permafrost 
degradation is taking place. Ice wedges are melting and on the 
boundary between ice and loam is flowing thawing water. Thawing 



water is warmer than surrounding permafrost and segregation 
ice in loams is melting too. This proces of combined piping and 
thermoerosion can be called thermopiping . 

Funnels and caves forming by thermokarst processes can be 
divided into (1) primary thermokarst funnels and caves formed 
due to the solution of ground ice (ice veins, ice wedges, etc.), 
(2) secondary funnels and caves originated or enlarged due to 
the thermopiping. 

Due to the properties of material (sand, loam, loess, etc.) are 
thermokarst funnels and caves less permanent than comparable 
forms in limestone areas. Also by melting of segregation ice in 
surrounding sediments are hollows filled by mud. 

The classification of thermokarst landforms -surficial or 
underground- is not yet solved. Despite of apparent similarity of 
topography. Some geologist are of opinion, thar thermokarst is 
not a variety of karst (FRENCH, 1976, p.105). According to their 
opinion, karst is term which is applicable to limestone areas where 
the dominant process-solution -is a chemical one. Underlying the 
development of thermokarst, however, is a physical, i.e. thermal, 
process- ground ice melting, which is peculiar to regions 
underlain by permafrost. On the other side, I already have 
mentioned, that ice is a soluble mineral and the solution of ground 
ice in permafrost causes a mass deficiency. This proces is similar 
to the «real» karst, where solution of limestone causes a mass 
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deficiency. The result of these processes are similar landforms. 
There it is really difficult to establish to what extend pseudokarst 
can be considered karst. 
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The saline karst formations of Mount Sedom 

RESUM 

Giacomo Donini 
Guido Rossi 

Durant dues expedicions espeleo/ogiques dutes a terme els anys 1983 i 1984, es van estudiar els fenomens carstics que s 'estan 
generant en el Mont Sedam. 

El Mont Sedam te una estructura diapfrica salina que s 'al<;a a free de /es aigues de/ Mar Mort, en la depressi6 mes profunda 
de la Terra. 

Names /es falles transcorrents d 'aquesta part def m6n permeten l'aflorament de sediments, constiturts en la seva major part 
per roques salines d 'estructura diapfrica. 

Les escasses pluges def desert on es troba situat el Mont Sedam han estat /es responsables de l'aparici6 d 'un fenomen carstic 
molt interessant en els /ito/ipus d 'altra solubilitat. 

S'ha explorat i estudiat la cova mes 1/arga def m6n formada en aquest tipus de roques: es tracta def sistema I.C.R.C. , de varis 
quilometres de /onguitud. 

La zona nord def Mont Sedam presenta un tipus de formacions carstiques diferents degut a diferents situacions tectoniques. 
S6n tambe molt interessants els fenomens mineralogies existents en aquestes coves i /es extraordinaries concrecions que han 

estat objecte d 'estudi. 

RESUMEN 

Durante dos expediciones espeleo/6gicas efectuadas en 1983 y 1984, se estudiaron las fen6menos karsticos que se estan 
desarrollando en el Monte Sedam. 

El Monte Sedam tienen una estructura diapfrica salina, que se eleva en las orillas de/ Mar Muerto, en la depresi6n mas profunda 
de la Tierra. 

So/amente las fa/las transcurrentes de esta parte def mundo permiten el afloramiento de sedimentos, constituidos en su mayor 
parte par rocas de sa/ en estructuras diapfrica. 

Las escasas 1/uvias def desierto en el que esta. situado el Monte Sedam han causado el desarrol/o de un fen6meno karstico 
muy interesante en las litotipos con a/ta so/ubilidad. 

Se ha explorado y estudiado la cueva mas larga def mundo desarrol/ada en este tipo de rocas, que es el sistema I.C.R.C., de 
varios ki/6metros. 
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La zona Norte de/ Monte Sedom presenta un diferente desarrollo karstico, causado por distintas situaciones tect6nicas. 
Son tambien muy interesantes /os fen6menos mineral6gicos existentes en estas cuevas y las extraordinarias concreciones que 

han sido estudiadas. 

SUMMARY 

During two speleological expeditions effected in 1983 and 1984, the karst phenomena developing in Mt Sedom have been studied. 
Mt Sedom is a saline diapiric structure rising on the shores of the Dead Sea, in the deepest depression of the earth. 
Just the transcurrent-spreading tectonics of this part of the world allowed he outcropping of sediments constituted for the most 

part by rock-salt in a diapiric structure. 
The scarce rains of the desert into which Mt Sedom is situated caused the evolping of a very interesting karst phenomenon 

inside lithotypes with high solubility. 
The longest cave in the world developing in this kind of rocks, that is the I.C.R.C., System , with a length of some kilometres, 

has been explored an studied. 
The North zone of Mt Sedom presents a different karst development, caused by different tectonic situations. 
Very interesting are also the mineralogical phenomena existing into these caves, and the extraordinary concretions which have 

beeen studied. 
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«Cueva del Leon», Cavernamiento en yeso de la Republica Argentina 

Lipps, Enrique Federico. 
KARST, Organizaci6n Argentina de lnvestigaciones Espe/eo/6gicas. 

RESUM 

La «cueva de/ /e6m (Las Lajas Neuquen) es la cova de guix mes gran explorada a /'Argentina fins a /'actualitat. 
Ens hauria agradat oferir abans aquest treball, que no es mes que una descripci6 de Jes dades obtingudes en diverses exploracions. 
El contingut n 'es el seguent: topografia i superaci6 de sifons, investigaci6 biologica i geologica, proves microbiologiques, registre 
de dades c/imatologiques i de canvis en el nivell freatic. Aquf considerem Jes dades preliminars, doncs aquests estudis tindran 
continui'tat, dins de/s projectes de/ Registre Espe/eo/ogic d'Argentina. 

RESUMEN 

La Cueva de/ Le6n, Las Lajas Neuquen, es la caverna en yeso mas extensa de la Republica Argentina exp/orada hasta el momenta. 
Queremos ofrecer este informe anticipado que no es mas que un ordenamiento de los datos obtenidos en distintas campanas. 
Lo realizado comprende.· relevamiento topografico, buceo aut6nomo en la /aguna interior, muestreo bio/6gico y geo/6gico, examen 
microbiol6gico, registro de datos climatol6gicos y variaciones de/ nive/ freatico. Estos datos se qonsideran preliminares y /os estudios 
se continuaran como parte de/ plan de/ Catastro Espe/eo/6gico Argentina. 

SUMMARY 

The Lion Cave, Las Lajas Neuquen, is the largest gypsum cave in the Argentinian Republic explored up to date. We would like 
to offer this paper in advance which is not more than a description of the data obtained in several expeditions. It contents the 
following; survey, independent diving in the interiopool, biological and geological research, microbiological test, climatological data 
recording and changes of the phreatic level. Above are considered preliminary data and studies will continue as part of the Argentinian 
Speleo/ogic Land Register project. 

Esta contribucion resume los informes de las campaiias 
realizadas entre 1973 y 1984 por los integrantes de Karst , O.A.I.E., 
en la «Cueva del Leon». 

Hasta el memento es la caverna en yeso mas importante de 
la Republica Argentina y si bien ha sido suficientemente explorada 
no se han estudiado con detalle los distintos fenomenos 
espeleologicos que en ella ocurren . 

Es por ello que dames a conocer este anticipo sobre el estado 
actual de los estudios que se han iniciado. Los dates obtenidos 
solo nos permiten de escribir lo que se ha encontrado hasta el 
memento, sin querer sacar conclusiones debido a lo preliminar 
e incomplete de los mismos ya que las campafias han sido 
diferidas en el tiempo por la distancia que nos separa de nuestro 
objetivo (Zapala-Buenos Aires: 1 .400 kms.) 
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Situacion y acceso: 
La Cueva del Leon esta situada a unos 34 kms de Zapala y 

unos 25 kms de Las Lajas, en la Provincia de Neuquen. Su 
emplazamiento, a una altura de 1310 mis sobre el nivel del mar, 
esta sobre la ladera de uno de los cerros del cordon Curymil. 

Sus coordenadas tomadas de la hoja 35 b «Zapala» son : 38° 
37' 4 ?"lat y 70° 13' 26"Iong. 

Zona rica en fosiles y restos arqueologicos «es una region 
sedimentaria con vegetacion pobre que se presenta con el tipo 
de la estepa herbacea; el agua aunque relativamente abundante, 
es a menudo de pobre calidad» (Lambert, 1949). 

El acceso a la cueva se realiza desde Zapala hacia Las Lajas 
por la Ruta Provincial N.22 y antes de cruzar el Cuchillo Cura se 
dobla hacia el Este y por sendas se llega al Mallfn de la Cueva, 
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donde se halla un puesto y una surgencia. Desde allf se continua 
por un unico camino que nos deja en la entrada misma de la 
caverna. 

En la zona del cavernamiento existen, cerca de la entrada, 
cones de absorci6n cubiertos de arena de unos 8 mts de diametro 
y tanto sobre la caverna como en el valle que enfrenta la entrada 
existen pequer'ias grietas que actuarfan como sumideros 
alimentados por el caudal de origen pluvial. La unica forma de 
emisi6n esta representada por la surgencia del Mallfn de la Cueva, 
con un caudal abundante y bastante regular a lo largo del ar'io 
cuyas aguas son utilizadas para el riego y abastecimiento de 
agua potable por el puesto. 

De encontrarse la relaci6n entre el agua de la laguna interior 
de la caverna con la de la surgencia se evidenciarfa la circulaci6n 
hfdrica del del acuffero del macizo. 

Descripci6n de la caverns 

La caverna se desarrolla sobre el denominado «Yeso Principal» 
y su entrada se abre por el hundimiento de parte del techo. La 
acci6n del agua como generadora de la actual morfologfa no nos 
queda suficientemente clara. Pareciera una cavidad de formaci6n 
y funcionamiento freaticos. En algunos sectores el 
desprendimiento de grandes bloques es evidente y se han 
formado pequer'ias salas. No hemes verificado galerias superiores 
f6siles . 

Como macroformas se destacan conjuntos de «golpes de 
gubia» asf como algunas protuberancias nodulosas que se 
formaron con impurezas insolubles. 

Las reconstituciones litoqufmicas son practicamente nulas, 
limitandose a escasos espeleotemas parietales de material 
carbonatado muy poco compactos. En cambio el yeso llega a 
ser tan firme que se lleg6 a tardar diez minutes en la colocaci6n 
de cada clave de expansi6n para la ubicaci6n del instrumental 
meteorol6gico. 

Tiene un desarrollo de 947 mts y desde la superficie se accede 
por una sola boca de entrada natural. Es una tfpica abertura por 
hundimiento, de secci6n semicircular con un diametro de 3 mts, 
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que se continua en un talud de arena y cantos con fuerte 
pendiente. Esta boca da acceso a una gran sala (la Sala de 
Entrada) cuyo piso esta cubierto por un gran cono de derrubios 
que originan el talud. Este conviene bajarlo por la izquierda 
evitandose asf bordear grandes bloques y escaladas inutiles. 

Luego de bajar el talud la caverna es practicamente horizontal. 
La Sala de Entrada divide la caverna en dos tramos bien 
diferenciados: el ala izquierda, respecto a la entrada, que lleva 
a la Sala del Lago y el ala derecha que nos dirige a la Sala de 
las Chimeneas. 

Queremos indicar que las toponimias corresponden a las 
utilizadas por Karst, O.A.I.E., y que se han mantenido en las 
distintas campar'ias. 

Ala Derecha 
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-----', --- ,_ 
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La Sala de Entrada se continua como una amplia galerfa, 
siempre sobre un caos de grandes bloques, cuyo lado izquierdo 
se halla en algunos tramos inundados. Va disminuyendo en altura 
y ancho hasta un estrecho pasillo que termina en una gran charca 
cuyas paredes de alrededor muestran los cambios de nivel gracias 
a las marcas dejadas por guano. Hacia la derecha se abre la 
Sala de las Chimeneas, cubierta por bloques y un gran cono 
arenoso originado de las chimeneas del techo. En esta zona de 
algunas paredes hay mondmilch (de yeso). 

Sobre el lado izquierdo se abre La Gatera que desde el ar'io 
1983 se halla inundada. 

Ala izquierda 

Se accede por una pequer'ia gatera cuya abertura esta 
disimulada por grandes bloques. Luego de 3 mts a la izquierda 
se abre un divertfculo sin continuaci6n, practicamente colmatado 
de pequer'ios bloques, donde hemes colocado un term6metro 
comun. 

La gatera se transforma en galeria de amplias dimensiones, 
ahora inundada, y que da acceso a otra gran sala: la Sala del Lago. 

Siempre mirando hacia el interior, a la derecha la pared se 
continua bajo el agua pero a la izquierda un gran cono de 
sedimentos y bloques permite el cruce al otro lado de la sala. 
El transito por el cono debe hacerse con sumo cuidado para que 
no caigan bloques al Iago ya que se entubiaran las aguas y 
perjudicara la visibilidad para los trabajos de buceo. 

Ya del otro lado, se abren dos gateras que bajan mediante 
una rampa resbaladiza y de estrecho paso que nos llevan a la 
Sala del Tambor, donde se coloc6 un term6metro de maxima y 
de mfnima. Desde aca la caverna se continua en una galeria con 
algunos divertfculos hacia la izquierda y se va reduciendo hasta 
hacerse impracticable. 



Buceo en la laguna subterranea 

La visibilidad en el agua de la laguna, calculada en unos 30 
mts, nos incito, ya en la 1.a camparia en el aria 1973, a iniciar 
las tareas de buceo con la exploracion subacuatica. 

Las inmersiones, debido a las condiciones particulares del 
buceo en cavernas, se han efectuado extremando las medidas 
de seguridad, ya que la temperatura del agua (7°C) y la facilidad 
con que se enturbia la misma dificultaba los trabajos. 

Baja el agua hemos diferenciado tres pozos. En el denomiando 
Pozo N.0 2, con una profundidad de mas de 20 mts, se encuentra 
una entrada a una posible galeria que sospechamos se continue 
en alguna sala. Los otros dos pozos no tienen continuaciones. 

Breve nota climatica 

En todas las camparias, aunque de manera muy somera, se 
hicieron mediciones de temperatura y humedad relativa. Se coloco 
una estaci6n fija con un termometro de maxima y de minima 
obteniendose a la fecha una minima de 8.°C y una maxima de 
10.°C. Una estacion fija con un termometro comun registro un 
promedio de 9.°C. Otras mediciones, promediadas en distintos 
puntos y en distintas fechas, dan dentro del rango de 9.°C de 
temperatura y del 90 % de humedad relativa. 

Las corrientes de aire fueron detectadas con un banderin 
improvisado de papel de aluminio, comprobandose entradas y 
salidas intermitentes por la unica boca de entrada en 
comunicacion con el exterior por donde evidentemente se 
produce todo el intercambio gaseoso. 

Biologia 

La caverna no se ha revelado muy interesante en este aspecto. 
Lo reducido de la fauna verificada parece ser consecuencia de 
la falta de aporte de alimento externo. 

Los metodos de recoleccion que se utilizaron son los mas 
habituales para estos trabajos. Para la fauna entomologica se 
colocaron trampas con cebo dispuestas y enterradas en distintos 
sitios. Como cebo se utilizo queso. Para la captura directa se 
utilizaron aspiradores de boca. 

Solo se capturaron un ejemplar de Grylloidea (de color pardo 
claro) y un ejemplar de Culicidae 
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La presencia de quiropteros fue detectada por guano 
encontrado en la Sala de las Chimeneas, no habiendose 
visualizado a ellos directamente. En la Sala de Entrada se hallaron 
restos de Cricetidae. 

Se hicieron algunas siembras micologicas detectandose 
colonias de Penicillium y Crysosporium sabre restos organicos. 
De una pared con mondmilch se hizo una siembra para tratar 
de determinar su origen bioqufmico dando resultado negative. 
Asimismo el analisis bacteriologico del agua de la laguna tambien 
dio negative. 

En la Sala de Entrada, que si bien recibe muy poca luz, 
permite el desarrollo de algas cianoficeas (Chroococcus sp.) en 
las paredes, colonizacion limitada hasta donde llega la 
iluminacion. 

Conclusiones 

Este informe pretende invitar a la continuacion de los distintos 
estudios necesarios para el conocimeinto de los fenomenos que 
ocurren en la caverna. Especialmente el estudio del 
funcionamiento hidrologico segun el regimen de precipitaciones, 
ya sea midiendo las variaciones del nivel freatico para determinar 
sus ciclos, coma proseguir las tareas de buceo para establecer 
la magnitud de esta reserva de agua. 

Por ello consideramos indispensables el cumplimiento de 
distintos programas de trabajo que se deberian elaborar 
coordinadamente con los organismos afines y lograr asi nuevos 
aportes que vendran a enriquecer nuestros conocimiento sabre 
la «Cueva del Leon». 
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Pseudokarst in volcanic tuffs of the Paektusan Mt., People's Republic of Korea 

Jaromfr DEMEK, 
Czech Speleological Society, Praha, Czechoslovakia 

RESUM 

L 'autor presenta una serie d'observacions de fenomens pseudocarstics de la part mes a/ta de /es muntanyes de Changbai-han, 
una zona de muntanyes de naturalesa volcanica plioceniques i plistoceniques al nord-oest de la Republica Popular de Corea. 

Els fenomens pseudo-carstics desenvolupats a/s turons volcanics s6n principalment coves originades per la sub-fusi6. Aquesta 
comunicaci6 par/a d'una serie de coves de sub-fusio situades en Jes torrenteres que baixen dels volcans Soyonzibon i Peyonzibon, 
essent la longitud de /es coves de varies dotzenes de metres. Tambe s6n frequents els ponor, Jes dolines i els avencs originats 
per fenomens de sub-fusio. 

RESUMEN 

El autor presenta observaciones de fen6menos pseudoka.rsticos en la parte mas a/ta de las Montanas Changbai-han, una zona 
de montafias vo/ca.nicas Plio/P/eistocenas al Noroeste de la Repub/ica Popular de Corea. 

Los fen6menos pseudoka.rsticos desarrollados en las tobas volca.nicas son principalmente cuevas debidas a sufusi6n (piping). 
Esta comunicaci6n presenta cuevas de sufusi6n situadas en las barrancos que bajan de las volcanes Soyonzibon y Peyonzibon, 
siendo la /ongitud de las cuevas de varias docenas de metros. Tambien son frecuentes /os ponor, las dolinas y las simas debidas 
a fen6menos de sufusi6n. 

SUMMARY 

The author presents observations of pseudokarst phenomena in the highest part of the Changbai-han Mts, a P/io/P/eistocene 
volcanic mountains area in the north-west of the People's Republic of Korea. In volcanic tufts due to the suffosion /piping/ developed 
pseudokarst phenomena, mainly caves. In the paper are described suffosion caves in barrancas on volcanoes Soyonzibon and 
Peyonzibon. Caves are several dozen of meters long. Common are also ponors, dolines and abysses originated due to suffosion. 

Pseudokarst is the name given to phenomena developed on 
non-limestone rocks, but which resemble karstic forms 
(SWEETING, 1972, p.306). Pseudokarst phenomena have been 
defined as karst-like features in loess, volcanic ash, as well as 
bedrock of sandstone, claystone, siltstone, mudstone and tuff. 
The author presents observations of pseudokarst phenomena 
made in the highest part of the Changbai-han , a plio/pleistocene 
volcanic mountain area in the northwest of the People 's Republic 
of Korea. 

Volcanic mountains on the boundary between Korea and China 
originated due to breaking of the China Platform. Planated surface 
of the China Platform built of granitoids was covered by andesites, 
trachyts and plateau basalts. Volcanic rocks formed extensive 
lava plateau punctuated by volcanic centres (volcanic cones, 
volcanic dome mountains, etc.) . More or less flat-lying high plain 
underlain by extensive lava flows exhibit in studied area elevations 
between 1400 - 1750 m. Border parts of the lava plateau are 
dissected by deep incised valleys of Amnokkang and Tumangang 
Rivers. 

The highest and the most prominent volcano in studied area 
is Mt. Paektusan , which rises to an elevation of 2744 m above 
the sea level. The top of Paektusan Mt. rises about 900 m above 
the lava plateau. The volcano exhibit the layered structure. 

alternating layers of trachyts and ash (stratovolcano). According 
historical reports the volcano was active 1597, 1668 and 1702. 
During the last eruption the volcano and its vicinity was covered 
by thick layer of volcanic ash. During the last eruption the upper 
timber line was higher than today, and we have found buried 
larch trees in ash. To the east from the volcano is the ash layer 
on the lava plateau at least 10 m thick. There are other volcanoes 
in the surroundings of the Paektusan Mt. like Peyonzibon, 
Soyonzibon , etc. In some parts the ash was consolidated into tufts. 

Climatically the area under study belongs to the type of mild 
monsoon climate with continental influence. Mean annual 
temperature on the meteorological station on the Paektusan Mt. 
is -2.0 centigrade. Mean annual precipitation on the lava plateau 
is between 600 and 800 mm per year. Snow cover during the 
winter is thin and partly destroyed by severe wind. 

The lava plateau is covered by taiga forest. The upper timber 
line is today about 2000 m above the sea level. The highest parts 
of the volcanic landscape are bare (so called frost-shatter zone). 

Freshly erupted volcanic materials , especially pyroclastics 
such as volcanic ash and certain tufts that contains unstable 
minerals , are highly susceptible to corrosion by rainwater and a 
variety of karst-like features develop, just as in limestone karst. 
I have observed in bare volcanic landscape in the vicinity of Mt . 
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Paektusan very active water erosion and piping . Slopes of Mt. 
Paektusan and other mentioned volcanoes are deeply dissected 
by numerous gullies (barrancos). Barrancos exhibit different 
dimensions and forms. The most barrancos have V-shaped cross 
profile. The cross profille of other gullies exhibit the U-form. Some 
gullies are asymmetric in cross profile. During the observation in 
Summer 1971 the barrancos were dry. The most important 
process of gully erosion in ash and tufts is linear water erosion, 
but in some barrancos we observed also features of mud flows. 
Many gullies, particularly in uniform ash, advanced headward, 
maintaining vertical cliffs at the gully headwall. Some cliffs were 
up to 20 m high. The lenght of barrancos is up to several km , 
the depth up to several tens of meters. 

Pseudokarst features developed is ash and tufts , especially 
along the margins of gullies. Smaller forms developed also on 
watersheds. Piping is very active in ash and tufts on slopes of 
Mt. Paektusan, Mt. Peyonzibon, Mt. Soyonzibon, etc. in young 
volcanic landscapes of Korea. Piping is subterranean erosion 
iniciated by percolating waters which remove solid particles from 
elastic rocks to produce tubular underground conduits , caves, etc. 

In the saddle between volcanoes Soyonzibon and Peyonzibon 
begins gully about 10 m deep and with 7 m high headcut. At 
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the base of the headcut I measured the cave 13 m long. The 
cave was 2,5 m high . At the end of the cave was a vertical pipe. 
Through pipe came water during the rain and snow melting . Both 
topographic situations allow steep downward percolation and the 
escape of water along gully bottoms. Piping is an important< 
element in the headward extension of most barrancos. Water 
moving through ash and tuft carries fine particles and dissolved 
materials away from their place of deposition and leaves voids. 
The voids concentrate the flowing water, accelerate material 
removal and form piping tubes. This tubes can extend for tens 
of meters from gully headcut in ungullied watershed areas. I 
observed such pseudokarst features in many barrancos in the 
area under study. 

Pseudokarst in the vicinity of the Mt. Paektusan produced by 
piping display disapearing streams, ponors, vertical pipes (piping 
wells), piping tubes, sinkholes and caves. These features are far 
less permanent than comparable forms in limestone, and are on 
a smaller scale. However, there are very numerous and some 
piping tubes and caves are of considerable dimensions. Also 
sinkholes and vertical pipes in their bottom are very expresive. 
Percolating water attacks unstable minerals is ash and tufts , and 
solution supports piping. 

Der Konglomeratkarst von Nepal 

H. Daniel Gebauer 

RESUM 

En el recorregut d 'alguns rius de/ Nepal s 'hi troben coves d 'un cert desenvo/upament vertical i horitzontal que s 'obren en banes 
de conglomerats. El conglomerat posseeix mes d'un 80 % de roques no carstificab/es. Per una diagenesi especffica de/ conglomerat 
i per una serie de situacions hidrologiques a petita i a gran escala, el desenvolupament de dolines, cavitats i corrents subterranis, 
decorats amb formacions i amb d 'altres particu/aritats carstiques, pot considerar-se com una intercorrelaci6 de procesos de corrosi6 
i d 'erosi6. 

RESUMEN 

A lo largo de algunos rfos de/ Nepal se encuentran cuevas de cierto desarrol/o vertical y horizontal en bancos de conglomerados. 
El conglomerado posee mas de un 80 % de rocas no karstificab/es. Por una diagenesis especffica de/ conglomerado y situaciones 
hidrol6gicas a pequetia y gran escala, el desarrollo de dolinas, cavidades y corrientes subterraneas, decoradas con formaciones y 
otros rasgos karsticos, puede entenderse como una intercorrelaci6n de procesos de corrosion y erosi6n. 

SUMMARY 

Caves of some horizontal and vertical extend are found in conglomerate banks along some nepalese rivers. The conglomerate 
consists of up to 80 % of rocks which are inert to processes of karstification. Due to a specific diagenesis of the conglomerate and 
hydrological situacions of small and large scale the development of dolines, caves and subterrean streams decorated with formations 
and other karstic features can be understood by intermingling processes of corrosion and erosion. 

In the Dhaulagiri zone and Gandaki zone of Nepal 
conglomerate banks have been built up in the pleistocene along 
the rivers of Kali Gandaki, Seti and Phusre. Remnants of the 
river-terraces lie nowadays well above the groundwater table and 
end in steep cliffs liable to landslides if the rivers are not rumbling 
throug deep and narrow gorges or are restricted to river-caves. 
In detail studied are the river-terraces near Kusma (PARMA 1985, 
WALTHAM 1971 ) and in the Valley of Pokhara (AMATYA 1970, 
DUNKLEY 1976, DURRANT, SMART, TURNER & WILSON 1979, 
GEBAUER 1980, 1983, GURUNG 1970 and WALTHAM 1971). The 
river-terraces are of glacialjfluvialjlacustrin origin and consist of 
an allochton sedimentary deposit of differing modality. This 
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conglomerate consist of 50 to 80 % calcium carbonate (SHARMA 
1975, GURUNG 1970). The river-terraces are built up of alternating 
layers of differing conglomerate: coarse layers of fluvial origin 
with solitary boulders dropped by glaciers alternate with 
finegrained and even crystalline layers of lacustrin deposits . 

The upper conglomerate bank 

Allmost the complete river-terrace is capped by a coarse 
conglomerate showing a somewhat greater resistance to 
weathering . This «cap-rock» is about 15 to 20m thick and shows 



a very differing modality. It consists of an unlayered mixture of 
boulders in the size of cars down to dust-fine, even silty sand of 
phyllites, garnet, gneiss, basalt, lime and much more. The fraction 
of lime in the conglomerate is between 50 and 80 %, the matrix 
consists of about an equal share of crystalline calzite and quartz 
sand . The greater number of caves id developed in the upper 
conglomerate bank. 

The lower conglomerate bank 

The larger caves are found in the underlaying conglomerate 
banks which are at least 40m thick and consist of fine sand with 
few coarser intrusions. The lower conglomerate banks are built 
up in many layers of differing resistivity to weathering. They are 
scarcely lithified , but friable and porous and consist of 50 to 80% 
of calcite crystals and sands . The rest is rounded quartz sand, 
a little bit of gypsum and organic residues. Exceptionally 
interbedded are extremely labile layers of silt. 

The largest caves and cave-systems extend into both of the 
conglomerate banks. 

Karst features of Pokhara Valley 

The karst features of Pokhara Valley show a broad variety of 
features known of the classic karst. It is distinguished only by 
the but partially soluble rock and the more diffuse passability for 
water in the conglomerate instead of a straight and obvious 
cleavage. Dolines are found on the surface as well as swallow 
holes, whilst underground several caves have been described 
with a linear development of up to 3km and a depth of up to 
- 48m (GEBAUER 1983). Remarkable are the calcite formations 
which are not expected for conglomerate karst. In accordance 
to the low percentage of calcium carbonate available in the upper 
conglomerate formations are few, whilst in the lower one they 
are quite numerous. Mostly stalactites are found which either 
seem to redraw the net of cleavage or cover continous stretches 
of ceiling if the water «emanates» out of the porous rock in 
coherent areas. Stalagmites are not as often seen but reach a 
respectable size in spite of the low calcite supply. Sinterterraces, 
pearl-sinter and the like are found as well. 

Development of caves in the conglomerate of Pokhara Valley 

The liability to karstification of conglomerates depends on the 
liability to karstification of it chemical constituent and/or its detrital 
constituent if the dynamic aspect of transportation takes effect. 
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The conglomerate of Pokhara Valley is developing caves because 
the cheminal constituent (cement) of the conglomerate consists 
mostly of soluble calcium carbonate which dissolves and because 
the nonsoluble detrital remnants are washed away by the heavy 
monsoon rains. 

The development of these caves is characteristicly influenced 
by the well-rounded , pebble- to boulder-coarse sediment of the 
upper conglomerate. Well-proportioned curves make up 
meandering streamways of the horizontal caves and the vaulted 
ceilings blend continously into the curved cave walls and form 
statically ideal boughs to hold the lithic load resting on the cave. 
The bending of the vaults is only disrupted where layers of 
obviously differing modality follow each other. The character of 
cave development is not of eager corrosion. It seems as if the 
waters trickle through the manyfold waysome conglomerate to 
gain new power of corrosion not at a definite interface between 
water and air, but rather in a somewhat wishy-washy zone of 
numerous surfaces given by the porous conglomerate. A solitary 
pebble, standing out from the surface offer it's point of contact , 
which is also its point of cementation, in a much higher degree 
to the carbon-dioxide of the air than a pebble surrounded 
completely by neighbouring pebbles and/or cementation . A hole, 
which is left by a missing solitary pebble in an otherwise coberend 
surface does in the same way endanger the cementation of it 's 
neighbouring pebbles. 

The equalizing corrosion gives way to a spherical and 
retrogressive development of the caves, which simultanously 
forestalls incasive processes of a larger scale. 
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A proposal for a classification system for Granitic Caves 

Rabbe Sjoberg. 
Dept. of Geography, University of Umea, Sweden. 

RESUM 

Aquesta comunicaci6 resumeix els anteriors intents de classificaci6 de /es coves obertes en roques granftiques. Basant-se en 
aquests intents, en referencies bibliogra.fiques i en altres trebal/s de camp realitzats durant dues decades a Suecia i a d'altres 
paisos, /'autor proposa una nova classificaci6. En el/a, /es cavitats granftiques es divideixen en dues categories principals: A) Cavitats 
de roca ferma, i B) Cavitats obertes entre dos blocs. La categoria A es divideix, al seu temps, en: 1) Cavitats tectoniques, i 2) Altres 
tipus de cavitats. 
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Hi ha altres subdivisions, que es realitzen segons l 'origen de la cavitat (es a dir, si aquesta es tectonica, producte de /'acci6 
atmosferica o be de /'abrasi6 glaciar, fluvial o marina). 

Aquest sistema de classificaci6 s 'ii'lustra posant exemp/es de coves de diferents parts de/ m6n. 

RESUMEN 

Esta comunicaci6n resume /os anteriores intentos de clasificaci6n de las cuevas abiertas en rocas granfticas. Basandose en 
estos intentos, en referencias bibliograficas y en trabajos de campo desarrollados durante dos decadas en Suecia y otros pafses, 
el autor propone una nueva clasificaci6n. En el/a las cavidades granfticas se dividen en dos categorfas principa/es: A. Cavidades 
en roca firme, y B. Cavidades abiertas entre b/oques. La categorfa A. se divide a su vez en: 1. Cavidades tect6nicas, y 2. Otros 
tipos de cavidades. 

Otras subdivisiones se rea/izan de acuerdo con el origen de la cavidad, sea esta tect6nica, producto de la acci6n atmosferica, 
o de la abrasion glaciar, fluvial o marina. 

Este sistema de clasificaci6n se describe utilizando para el/o ejemplos de diferentes partes de/ mundo. 

SUMMARY 

The paper summarizes previous attempts to classify caves in granitic rocks. Based upon these attempts, literature studies and 
own field-work during two decates in Sweden, as well as in other countries, the author proposes a new classification. Here caves 
in granitic rocks are classified into two main cathegories: A. Caves in solid rocks, and B. Caves in boulders. Cathegory A is further 
divided into: 1. fracture caves, and 2. other types of caves. 

A further subdivision is based upon cave forming processes, such as tectonic, weathering, glacial, fluvial and marin abrasion. 
The classification system is described using examples from many parts of the world. 

«The state of granite cave research is still mostly descriptive», 
Brian Finnlayson stressed during the Anglo-trench Karst 
Symposium in 1983. I believe that this statement is fairly correct, 
although this type of research has been going on for more than 
one century. In the following the word granitic is used instead of 
granite to cover rocks as granite, metagreywackes, anothosites 
and similar rocks of magmatic or metamorphic origin . 

In the 19th century several studies of coastal caves were done 
in Norway by geologists such as Reusch, Rekstad and Oxaal. 
None of them had any reason to classify different types of caves 
(Reusch 1877, Rekstad 1900, Oxaal 1913-14). 

The first attemt to construct a classification for caves in granite 
was done by the Swedish geologist H Munthe in 1920. He 
classified the noncalcareous caves in: sea caves, crevice caves 
and boulder caves (Munthe 1920). In 1962 a new classification 
was presented in Sweden by L Tell (Tell 1962), where he discerns 
three special types of caves in archean rocks . They are: diaclasses 
and paraclasses, caves in gneiss, glacial phenomena. Later he 
develops his classification in a paper «Caves in Swedish Archean 
Rocks with Special Reference to Glacial Phenomena» (Tell 
1969). 

Munthe's classification was, however mostly restricted to sea 
caves and although Tell supplemented the weaknesses in 
Munthe's classification new weaknesses appeared . In particular 
type 3 «Glacial phenomenons» was too undefined to be useful 
and it was based on the views of the effect of the glaciations 
accurate at that time. 

Even outside Sweden attempts have been made to construct 
classification systems for granitic caves. H Trimmel (1968) gives 
the following classification: Tektonische Hohlen, 
Uberdeckungshohlen, Windhohlen, Wasserhohlen with subgroups 
Brandungshohlen , Uferhohlen and Erosionshohlen. W Halliday 
(1974) devided the granitic caves into: talus caves, block creep 
caves, sea caves, piping caves, stream cut caves and other types 
of caves. A Bogli (1980) presented an interesting classification 
based on primary and secondary caves . His classification is shown 
of fig . 1. 

The problem of defining a classificationsystem for granitic 
caves seem to haver interested several Australian speleologists 
in the beginning of 1980s. C R Twidale (1982) used the following 
classification: caves associated with grus, caves associated with 
fractures , tafoni , split blocks and A-tents . K Kiernan (1982) 
penetrated the problem thoroughly in a clubmagazine, fig . 2. His 
classification is mainly based on the cave forming processes. B 
Finnlayson 
in 1983 constructed a classification based on caves from Australia 
and the USA. He discerns: 1. Boulder caves, 1 a. boulder piles, 
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Fig. 1 

PRIMARY CAVES Primary caves in igneous rocks Vescles, lava-tunnels 

Primary caves in sediments overcovering caves 
reef caves 
tufa shelter 

Secondary caves Exogenous caves Erosion Rock shelters 
Weathering 

Wind caves 
River bank caves 
Surf or Wave cut caves 

Endogenous caves Tectonic Tectonic caves 
Corrosion 
Erosion Open joint caves 
lncasion 

Classification of caves, according to Bogli (1980) 

Karst caves bedding caves 
contact caves 
joint caves 

lb. boulder filled streams, 2, Open joint caves, 3. Closed joint 
caves (Finnlayson 1985). 

The Norwegian caver I Schroder (1984) presented the following 
classification: Caves formed by: 1. tectonic and gravity sliding, 
2. frost shatterring, 3. wave abrasion, 4. preferentially weathering 
in brecciated zones and 5. karstic disolution of small marble 
lenses within gneisses. 

As can be seen all these systems base their classification 
upon the morphology of the caves and/or the cave forming 
processes. A problem with almost all of these classifications is 
that most of them are based on very regional examples or are 
only useful in specific regions . Exceptions are those by Munthe, 
Trimmel , Bogli and Kiernan. 

My attemp to form a new classification is primarily based on 
the structur of the cave, fig . 3. 

Here we can recognize A. Caves in solid rocks, and B. Caves 
in boulders. Caves in solid rocks can be devided into two easily 
recognizable types. First caves associated with fractures and 
crevices which can have a dip varying from horizontal to vertical. 
Secondly all other types of caves in solid rocks . Caves which are 
not formed in solid rocks are called boulder caves. 

These three main categories can each further be devided into 
subgroups, depending on the cave forming processes, or the 
most prominent ,process, as most caves truly are polygenetic 
forms , fig . 4. 



Fig. 2. 

TALUS, JOINT AND FAULT INDUCED KARST MORPHOLOGY 

~\ 
ENDOGENIC EX_O_G'<:::EN,IC::-------Process: 

Dominant 
Control: 

THERMAL UNLOADING 

"" 
MASS MOVEMENT 
(interstitial features) 

Speleogenesis: 

TECTONIC 

foldi~lting l--------contract1on expansion joint ~ primary secondary 

c,ock;og "'T' dilation 
(pressure 
release) 

I 

voids voids 

I (piping, 
. ice melting etc.) 

Caves: fold faut 
caves caves 

joint 
caves 

enlarged 
joint caves 
(e.g. frost 

unloading 
caves 
(e.g. Atents). 

spanning 
caves and 
talus caves 
(e.g. slippage). 

talus caves 
(e.g. moraine 
caves, block 
stream caves 
collapse caves 

wedging) 

Classification of caves, according to Kiernan (1982). 

Based on field experience and litterature studies I have found 
tectonic-, (neotectonic-), glacial -, marine abrasion -, and the 
whole range of weathering processes to be the most common 
cave forming processes in granites. To a lesser extent also eolian 
erosion and other erosive processes. 

A secondary subdivision is based on the morphography of 
the cave and clearly recognizeable types of caves within the 
primary groups of subdivision, e.g. a crevice forming a cave can 
be open in roof, or covered by rocks and boulders. Tye walls of 
the crevice can be rough or polished. A cave 

Fig. 3. 

A. Caves in solid rocks I. Fracture caves 

II. Other types of .caves 

B. Caves in boulders Ill. Boulder caves 

formed by fluvial processes can be in the form of a subvertical 
giant kettle or more usual, at least in softer rocks, in the form of 
a stream cut cave (meander cave). The boulders forming a cave 
can be angular or more or less rounded . The form of the boulders 
tell us more about the processes and/or the time these boulders 
have been affected by the geomorphological processes. 

The following descriptions of different types of granitic caves 
are mainly based on examples from Scandinavia, granitic caves 
from other parts of the world are also considered . 

Fracture caves 

Most fracture caves are formed along more or less vertical 
fractures (Holler 1981 ). In several cases the fractures can be 
caused by sheet jointing and thus are mainly horizontal (Ljungner 
1927-30, Jahns 1943, Twidale 1972, a.o.). A fracture caused by 
tectonics may under rare circumstances be unaffected by 
secondary processes and is thus classified as a «tectonic fracture 
cave», (1.1 ). This type of cave can have a more or less open roof, 
or can be covered by rocks and boulders. 

Mostly, in glaciated areas, these fracture caves are affected 
by secondary processes during the different glaciations, «Glacial 
fracture caves», (1.2) . In northern Sweden these caves are mostly 
covered by till leaving only a small vertical entrance open, (1.2.3.). 
In other cases the fractures can be covered by huge erratics or 
horizontally moved types of roches moutonnes, (1.2 .2.). 

In coastal areas and in iso- and/or eustaticly raised areas the 
fracture caves mostly are affected by marine abrasion, «Abrasion 
fracture caves», (Sea caves), (1.3.). In narrow vertical to subvertical 
fractures or fractures filled by dykes of dolerite etc. a type of 
cave called «Tunnel cave», (1.3.1.), can be formed (Sjoberg 1981 , 
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82, 83 and 85). In cases of sheet jointing a «Sheet joint cave», 
(1.3 .2.) can be excavated. When the fractures are superseded by 
smaller joints «Cave shelters», (1.3.3.) are formed . 

Fracture caves can also be formed by frost-wedging in wider 
fractures or by deep-weathering in weaker dykes, or in the granite 
proper (Kastning 1977), forming «Weathering fracture caves», (1.4.). 
mostly however, especially frost wedging and weathering cause 
inkasion in caves. 

Other types of caves in solid rocks 

These caves are mostly formed by erosive processes. Caves 
formed by fluvial and glaciofluvial processes are mentioned above. 
Glacial erosion can erode P-forms big enough to be called caves, 
(11.2). When marine abrasion is working on rocks not penetrated 
by joints and fractures small shallow «Beach rock shelters», (11.3.), 
can be formed. 

Different forms of weathering processes are known to form 
caves. In gneisses smaller caves are formed by frost-wedging, 
(11.4.1.). In different areas tafoni , big enough to be called caves, 
are formed and Twidale (1982) mentions tafoni from Antarctica, 
Hong-Kong, Corsica and Australia etc. as examples of weathering 
processes such as deept weathering by soil moisture attack 
beneath the land surface, preferential weathering, granular 
disitegration due to salt crystallisation and case hardening. 

Wind erosion also is known to create caves (11.5.), like other 
more obscure processes such as cattle-licking etc. 

Boulder caves 

Boulder caves can be formed by tectonic processes and 
expecially neotectonics are of great interest. The longest 
pseudokarstcave in Sweden, Bodagrottorna (2606 m), is formed 
in a roche moutonnee «blasted» by neotectonics, leaving a 
complex multi-leveled labyrint among the boulders (Agrell 1982). 
Several other examples are known in Sweden (Agrell 1981, 
Sjoberg in print). The huge «talus cave» TSOD in USA may be 
an example of this process (Caroll 1978). From the inland of 
Sweden is an example of neotectonics causing a 'hilltopp to slip 
downhill along sheeting joints for a couple of meters formi a more 
than 500 m long cave (lsacsson 1983). The classification is (111.1 ). 

Several caves in glaciated areas are formed in coarce morains, 
terminal morains and among erratics, (111.2) . Caves also exist on 
the lea-side of roches moutonnees. 

Along most granitic coast caves can be formed by the 
excavation of large boulders by marine abrasion , (111.2) . Boulder 



Fig. 4. 

CLASSIFICATION OF PSEUDOKARST-CAVES IN GRANITIC ROCKS 

CAVES 

I 
Pseudokarst caves 

I 
Secondary caves 

I 
I. CRECIVE CAVES 1. Tectonic open 

2. covered 

1 a. Neotectonic 1. subvert. displaced 

2. Glacial 1. open 
2. covered 
3. covered by till 

3. Abrasion 1. vertical , polished 
«Sea caves» «Tunnel-caves» 

2. horisontal, polished 
«sheet joint caves» 

3. rock shelters 

4. Weathered 1. open 
2. covered 
3. partly filled 

II. OTHER TYPES OF CAVES 1. Fluvial- or 1. subvert. giant cettles 
IN SOLID ROCKS Glacifuvial 2. stream-cut caves 

3. other types 

2. Glacial 1. caves in tills 
2. other types 

3. Abrasion 1. abrasion hollows 
2. beach rock shelters 
3. other types 

4. Weathered 1. frost wedging caves 
2. tafonis 
3. other types 

5. Eolian 

6. Thermal 

7. Anthropogen 

Primary caves 

I 
Ill. BOULDER CAVES 1. (Neo) Tectonic 1. split roches moutonnees 

2. collapsed mountainlopes 

2. Glacial 1. in angular boulders 
2. in rounded boulders 
3. in coarse bouldered till 

3. Abrasion 1. in angular boulders 
2. in rounded boulders 

4. Weathered 1. in angular boulders 
2. in rounded boulders 
3. in foliation sheets 

caves formed by weathering processes within the glaciated areas 
mostly occur among piles of boulders formed by frost-wedging 
at the foot of steep hills, (111.4.1.). In many cases in Scandinavia 
these voluminous talus can be the result of neotectonics, 
(111.1 .2.). 

In areas not affected by the pleistoscene glaciations most 
granitic caves seem to appear in the form of boulder caves formed 
by deep weathering, (111.4) . Different types are described . Shaw 
(1980) describes a caves formed below corestones at the foot 
of granite inselberg in Guyana, (111.4.2) . Other caves are described 
from Australia by OIiier (1965) , Finnlaysson (1981, 1985) and 
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Shannon (1975). From High Taira Mountains in Poland caves of 
similar type are described by Wojcik (1961) . In nubbins and castle 
coppies caves are found in several parts of the world, e.g. in 
Portugal (Sjoberg 1982). The splitting, cracking and parting of 
erratics , corestones and blocks can also form smaller caves 
(Twidale 1982). Twidale (1982) also describes «A-tents» which 
forms small triangular caves with only two walls, (111.4 .3), and gives 
examples from several parts of the world. He suggests that A-tents 
and other minor forms are developed by the release of 
compressive stress within the rockmasses in which they have 
evolved. 

It is my sincere hope that this attempt to form a classification 
system for granitic caves will be a step towards a classification 
which will be useful in all areas with granitic rocks. But not least 
I hope that the contents of this paper will start a fertile discussion. 
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Phenomene karstique dans les granites alochtones de stara planina 
(Bulgarie ): Genese et formes morphologiques 

St. Chanov, Al. Benderev, I. 1/ieva, Str. Vesselinov 

RESUM 

A Stara Planina Central (Ba/cans) podem contemplar un fenomen natural unic: formes carstiques superficials de granit. Des de/ 
punt de vista tectonic, la regi6 es troba al front de/ gran p/egament de Stara Planina. El gruix de/ granit a/6cton en aquest indret 
es de /'ordre de 50 a 60 m. La roca autoctona esta representada per ca/caries senonianes d'un gruix que osci/-/a entre els 10 i els 
100 m. 

Sota /es ca/caries s 'hi troben diposits de sorra i argila de/ Titania, que fan d'estrat impermeable. Els procesos de carstificaci6 
de /es ca/caries senonianes, tectonicament molt deformades i fissarades, es veuen afavorits per /'aigua meteorica i superficial que 
penetra pel granit. La roca a/6ctona i autoctona ha estat sotmesa a deformacions i a fractures posteriors al plegament, originant-se 
considerables desnivells en els blocs. La placa granftica ha estat perforada, per accions mecaniques i destruida en /es zones de 
falles. Els procesos d'infiltraci6 i enfonsament, a causa de la gravetat, han possibilitat la formaci6 d'embuts de disso/uci6 en la 
massa granftica, tfpics de /es regions carstiques, amb un diametre de 15 a 35 m. i de 2 a 5 m. de profunditat. A causa de la gran 
permeabilitat de/s granits, el petit riu, perd, en aquest sector, gran part de/ seu cabal, apareixent de nou, en forma de surgencia 
carstica a uns 2,5 kms. mes avail, en un aflorament de /es ca/caries senonianes. Hom sospita l'existencia d'un gran sistema carstic 
estes sofa el plegament granitic. A la regi6 es coneixen petites coves desenvolupades a la zona que limita l'a/6cton i l'autocton. 

RESUMEN 

En Stara Planina Central (Ba/canes), se encuentra un fen6meno natural unico -formas karsticas superficia1'es en granito. Desde 
el punto de vista tect6nico, la regi6n se encuentra en el frente de/ gran plegamiento de Stara Planina. El grosor de/ a/6ctono granftico 
en este /ugar es de/ orden de 50-60 m. El aut6ctono esta representado por calizas senonienses de un esp,':!sor de 10 a 100 m. 
Debajo de las calizas se encuentran /os dep6sitos arenoarcillosos de/ Titonien, que hacen de estrato impermeable. Los procesos 
de karstificaci6n de las ca/izas senonienses que estan tect6nicamente muy deformadas y fisuradas por acci6n de/ plegamiento, se 
ven favorecidas por las aguas atmosfericas y superficiales que penetran por el granito. El a/6ctono y el aut6ctono, han sido sometidos 
a deformaciones y fracturas post-plegamiento, ocasionando considerables desniveles de bloques. La placa granftica es perforada 
mecanicamente y destrufda en las zonas de fa/las. Los procesos de infiltraci6n y hundimiento por gravedad, han facilitado la formaci6n 
de embudos de diso/uci6n en el cuerpo granftico, tfpico de las regiones karsticas, con un dis.metro de 15 a 35 m. y de 2 a 5 m. 
de profundidad. A causa de la gran penetrabilidad de los granitos, el pequefio rfo, pierde en este sector, gran parte de sus aguas, 
que aparecen como manantial karstico a unos 2,5 Km. a lo largo de la corriente de/ rfo en un af/oramiento de las calizas senonienses. 
Puede suponerse un gran sistema karstico bajo el plegamiento granftico. Son conocidas en la region pequefias cuevas desarrolladas 
en el lfmite de/ a/6ctono y de/ aut6ctono. 

RESUME 

Dans la partie centrale de la Stara Planina (le Balkan) existe un phenomene nature/ unique - des formes karstiques superficielles 
dans le granite. Du point de vue tectonique, la region est situee dans la partie frontale du grand charriage de Stara Planina (Fig.1). 
Jusqu 'a main tenant la region n 'a pas fait l'objet de recherches spe/eo/ogiques specia/es, mais /es donnees concernant la structure 
geologique sont assez completes a cause des recherches geologiques et hydrogeo/ogiques effectuees dans cette region (Grantcharov, 
1959). Les riches informations geo/ogiques et geophysiques, completees para /es observations et /es recherches des auteurs, incitent 
a supposer la singularite de ce phenomene, ainsi que l'existance d 'un grand systeme karstique inconnu qui attend ses explorateurs. 

Revue geologique 

Le type de roche fondamental qui definit la physionomie de 
la region est le granite calco-alcalin . Ces granites sont alochtones 
charries et fortement tectonises. Leur epaisseur dans la region , 
determinee sur la base de forage, varie entre 50 et 80 metres. 
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A la proximite de la superficie de charriage le granite est myloniti
se. L'epaisseur de la zone mylonitisee est de 70 a 80 metres. Le 
bas de cette zone est constitue de roches mixtes de fa9on 
tectonique des bandes de calcaires du Senonien dans la mylonite 
ou des depots de morceaux de conglomerat de Lutetien, formes 
au cours d 'un mouvement differentiel unilateral sous l'action d'une 



pression generale meridionale. Au dessus de cette zone sont 
situes les granites brechiformes de la zone cataclesee, suivis par 
les granites brechiformes de la zone cataclesee, suivis par les 
granites faiblement cataclases qui occupent la partie la plus hau
.te. Dans certains endroits le granite est fortement dessagre, mou
lu. 

Le granite est charrie sur des roches de differents ages et 
constitution lithologique, toutes les formations de la base du 
charriage sont considerablement tectonisees. Dans la region etu
diee la base constituee de sediments du Tithonique et du Seno
nien . 
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Fig. 1. Scheme tectonique de fa partie centrafe de Stara Pfanina (d'apres Bakirov 
et al., 1984). La region du devefoppement du phenomene karstique dans /es granites 
est hachuree. 
1. depots quaternaires, 2. fa nappe de charriage de Stara Pfanina, 3. blocs exoti
ques de fa nappe de charriage de Chipka, 4. nappe de charriage de Chipka, 
5. roches du Cretace superieur et du Paleogene, 6. roches du Trias, du Jura et 
du Cretace inferieur, 7. roches premesozoiques, 8. nappe, 9. kfippe, 10. fenetre 
tectonique, 11 . failles 

Les sediments du Tithonique sont repandus dans la partie 
septentrionale de la region leur epaisseur etant de quelques cen
taines de metres. lls sont representes par des materiaux terrige
nes impermeables. 

Les sediments du Senonien qui sont du type septentrional -
Maastrichtien sont disposes dans la region d'une maniere discor
dante sur les sedime-nts du Tithonique. lls representent des calcai
res compacts d 'une couleur grisatre avec des filons de calcite 
et des concretions de flint. Les calcaires qui ont subi un traitement 
tectonique fort sont tres karstifies. On y aperi;:oit des dolines et 
des fentes elargies. L'epassieur de ces calcaires est de 1 0 a 100 
m. Gisant directement sous les masses alochtones de granite, 
le charriage de celles-ci a provoque par endroits des pressurages 
ou des accumulations de calcaires. 

Revue Tectonique 

La specificite caracteristique de la region reside en sa structu
re de charriage. Les granites de Sredna Gora ont charrie vers le 
nord sur une base rocheuse essez heterogene quant a la constitu
tion lithologique et l'age. La superficie de glissement est raboteu
se, faiblement inclinee vers le sud. 

Les calcaires du Senonien ont supporte la pression d'une 
maniere particulierement defavorable. Les granites eux-memes 
sont faibles, fortement fissures, ecrases et meme entierement 
desagreges. Cette circonstance a permits au processus de desa
gregation de penetrer a une grande profondeur. Actuellement les 
eaux de ruissellement filtrent a !ravers le granite, gagnent le 
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drainage karstique nature! et remontent, sous forme de sources 
karstiques, vers les calcaires du Senonien. 

La region est traversee d'une faille normale assez longue a 
orientation E - 0 qui, avec une autre faille-satelite parallele trouve 
un graben predeterminant la vallee de la riviere Taja. On y trouve 
une autre faille orientee a 55° NE dont la levre Nord-Ouest est 
affaissee et un reseau de fissures toutes orientees a 50-55° qui 
traversent la vallee de la riviere. 

Donnees Hydrogeologiques 

Dans la region sont presentes des eaux de terrains, de diacla
se et de fond karstique. Le niveau des eaux alluvionnaires varie 
entre 0,5 et 4,0 metres selon la saison. Les eaux de diaclase 
sont formees dans les granites. Les sources, alimentees par ces 
eaux ont le debit insignifiant. 

Les eaux de fond karstique sont concentrees dans les calcai
res du Senonien. Les travaux de forage montrent qu'il existe un 
fort ecoulement d 'eau souterraine, car dans un des forages, a 
99 metres de profondeur dans les calcaires du Senonien ii a ete 
perdu 1.000 kg d'argile. Dans la region ii y a quatre grandes 
sources karstiques. Elles sont situees au niveau inferieur, a la 
limite entre les sediments du Senonien et du Tithonique et jaillis
sent de canaux sou terrains aux dimensions de 8 a 1 O metres de 
longueur et de 0,5 metres de hauteur. II est deja prouve le rapport 
direct entre leur debit et la quantite des precipitations atmospheri
ques. 

Phenomenes et processus Physico-Geologiques 

Les processus de karstification ont atteint aussi bien les calcai
res du Triassique moyen que ceux du Senonien, mais les sources 
karstiques ne sont concentrees que dans les calcaires du Seno
nien. On admet gue la region se caracterise par un holokarst 
typique. II y a des grottes, des dolines et des effondrements. 

Sur la rive gauche de la riviere Taja, dans les calcaires du 
Triassique moyen se sont formees des grottes aux dimensions 
considerables. Le long de la couronne des calcaires du Senonien 
on peut apercevoir des grottes d'une longueur de 15 a 20 metres. 

Les processus de karstification dans les calcaires du Senonien, 
tectoniquement deformes et fissures assez fort durant le charria
ge, sont favorises par l'agression des eaux atmospheriques et 
fluviales penetrant par le granite. Or, l'alochtone et l'autochtone 
ont subit post-charriage des deformations et des fissurations. 
Tout cela a contribue a la formation dans les granites des dolines 
de type entonnoir, typiques pour les regions karstiques. Vu la 
singularite de ce phenomene, dans notre etude nous aborderons 
plus en detail les causes de sa genese. 

La plaque de granite, fortement fissuree et deformee par les 
processus tectoniques ne constitue pratiquement pas un obstacle 
a la penetration gravitationnelle en profondeur des eaux atmos
pheriques et fluviales. Les mesures hydrometriques presentees 
par Grantcharov (1959) demontrent que la riviere Taja, dans le 
domaine des granites perd jusqu'a 600 Ifs de ses eaux qui pene
trent par les failles et les fentes pour arriver aux calcaires du 
Senonien. Les eaux superficielles qui sont tres agressives (le 
coefficient de saturation par rapport a la calcite est entre 0,2. 10-3 

a 6,7. 10-3) en atteignant les roches carbonatees commencent a 
les dissoudre. Dans ce cas ii en resulte une vive karstification 
des calcaires du Senonien de l'autochtone. Nous avons deja 
signale que les travaux de forage ont prouve la presence d 'ecoule
ments souterrains d'eau assez forts , meme ii s'est produit un 
effondrement de la tige dans une caverne d 'une hauteur de 3 
metres. Cette karstification se reflete directement sur la plaque 
de granite erodee et susceptible a une destruction mecanique 
qui permet !'exportation du granite desagrege. Sur la surface 
terrestre se torment des dolines de 5 a 35 metres de diametre 
et d'une profondeur d'environ 5 metres (fig . 2 et 3). On a trouve 
plus de 30 formes de ce genre dans la region . Pratiquement ce 
sont des gorges profondes de 70 a 100 metres, remplies de 
materiel detritique qui unissent les formes karstiques superficielles 



F,g. 2. Vue sur une des petites do/mes dans /es granites. 

et souterraines dans les calcaries du Senonien. Leur formation 
est liee avant tout aux endroits d'entretraverse des grandes failles 
tectoniques. C'est a ces endroits que la permeabilite du granite 
est la plus elevee. Les essais ont prouve qu'une des dolines peut 
assumer plus de 50 Ifs d'eau, une liaison hydrolitique directe 
existant entre cette doline et la plus grande source karstique 
dans la region, situee au contact des calcaires du Senonien et 
des gres du Tithonique. 

F,g. 3. Vue sur une des plus grandes do/mes dans /es granites. 

Les recherches geophysiques dans la region ont demontre 
au moyen des methodes electriques que les reseaux dont les 
fissures les plus ouvertes et susceptibles a destruction comple
mentaire sont celles a orientation NE-SO et NO-SE, ces directions 
etant generalement propres aux granites. Nos etudes sur les 
champs des tensions tectoniques qui ont provoque la fissuration 
des calcaires du Senonien ont demontre que les directions des 
systemes des fissures les plus ouvertes (fissure d'extension) sont 
les memes que dans les granites (fig . 4). Figure 5 est une demons
tartion de la tres bonne coincidence des directions des systemes 
principaux des fissures ouvertes, obtenues par une reconstruction 
des champs des tensions tectoniques a l'aide des fissures de 
cisaillement dans les calcaires du Senonien (par la methode de 
Nikolaev, 1977) et les axes d 'anisotropies electrique, obtenus a 
l'aide d 'un sondage electrique vertical dans des differents azimuts 
(des donnees non publiees de Tr. Alexandrov et de D. Tzatcheva) 

se rapportant surout aux granites de l'alochtone. Cette coinciden
ce des systemes des fissures les plus ouvertes indique que 
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Fig. 4. Reconstruction des champs des tensions tectoniques dans /es calcaires 
du Senonien. 
1. fissures de cisaillement avec /'indication de la direction de /eur dispersion, 2. axe 
d'extension maximale, 3. axe intermediaire, 4. axe de pression maximale, 5. situa
tion spatiale des fissures d 'extension. 

celles-ci s'etant formees apres la formation du charriage, ont 
traverse l'alochtone et l'autochtone et ont initie les processus de 
karstification. Concernant les calcaries les choses sont claires, 
mais en ce qui concerne les granites le probleme est plus compli
que. Comme nous l'avons deja dit, les processus de suffosion 
et d'e boulement gravitationnel ont contribue a la formation des 
dolines en forme d'entonnoirs dans le massif granitique. De cette 
maniere on peut voir des formes exotiques pour les roches de 
granite, mais typiques pour les regions karstiques. 
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Fig. 5. Diagrammes polaires de a resitivite electrique d 'apres Jes resultats des 
mesures azimutales e/ectrometriques dans /es granites et directions des fissures 
d'extension dans /es calcaires du Senonien. 
1. diagrammes polaires de la resistivite electrique a des profondeurs differentes, 
2. direction des fissures d 'extention dans /es calcaires. 
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Les processus de destruction de granites et d'extraction du 
materiel ont favorise aussi la formation de petites grottes sur la 
superficie du charriage dans la zone mylonitisee qui peut jouer 
le role d 'une couche impermeable pour l'eau de diaclase dans 
les granites. La figure 6 represente la carte d'une grotte de ce 
type dont la longueur est de 18 metres. 
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Fig. 6. Scheme d 'une grotte situee au contact des granites et de la zone de my/o
nitisation. 
1. granites de /'alochtone, 2. zone mylonitisee, 
3. calcaires du Senonien. 
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Conclusion 

Le phenomene karstique presente dans des granites alochto
nes a une genese imposee par deux facteurs: d'une part le 
traitement tectonique intensif de l'alochtone et de l'autochtone 
et, d 'autre part, les eaux agressives qui font dissoudre chimique
ment le materiel detruit des granites de l'alochtone. 
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Grotte in depositi fluvio-glaciali. II Buso del Gicco 

RESUM 

Leonardo Busellato 
Gianni Petucca 

Es tracta d 'una cavitat que s 'obre en diposits fluvioglacials referits a un estadi tarda wiirmia de cimentaci6 variada iamb indicis 
d'estratificaci6. 

RESUMEN 

Se trata de una cavidad que se abre en dep6sitos fluvio-glaciales referidos a un estado tardfo wiirmiano de cementaci6n variada 
y con trazas de estratificaci6n. 

SUMMARY 

That's a cavity that makes way to fluviglacial deposits related to a later wiirmian stadium of variated cementation and with 
signs of stratification. 

Descrizione e cenni morfologici 

La grotta si apre sulla destra idrografica della Valle dei Cubi , 
presso ii paese di Staro, ad una ventina di metri di dislivello dal 
torrente e si presenta con un 'apertura vagamente triangolare, 
avente ii vertice rivolto in basso. 

Oltre l'ingresso la volta si abassa e si procede lungo un cunico
lo, inclinato di cerca 35°, avente dimensioni veramente esigue; 
dopo alcuni metri di strozzatura la volta si innalza bruscamente 
e si prosegue in una galleria molto ampia, lungo la quale si puo 
procedere assai comodamente fino ad incontrare un nuovo restrin
gimento che porta, dopo dieci metri circa, in una sala di notevoli 
dimensioni . In questa sono presenti da un lato potenti depositi 
argillosi , al centro un ammasso di detriti provenienti dalla volta 
mentre concrezioni sono presenti un po dovunque sotto forma 
di esili stalattiti tubolari . A questa sala fa seguito un angusto 
cunicolo , lungo una quindicina di metri e di sezione constante, 
al cui termine si ha un nuovo ampliamento; di qui la galleria 
prosegue con andamento pressoche invariato sino alla fine . 
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Nell tratto terminale e visibile un cumulo di massi attraverso 
i quali e probabile sgorghi ii ruscello nei periodi di morbida. La 
cavita non presenta alcuna diramazione e cio e dovuto probabil
mente alla particolare natura geologica del terreno incassante. 
lnfantti qui siamo in presenza di un ampio terrazo costituito da 
depositi fluvio-glaciali di formazione tardo wurmiana. Nella massa 
del deposito sono presenti , in percentuale considerevole , ciotoli 
di filladi quarzifere, orizzonte presente al letto del terrazzo, si 
possono notare inoltre ciotoli di arenarie rosso-giallastre, di siltiti 
argillose, di calcare e di dolomia. 

Tutta la massa e debolmente cementata e presenta tracce di 
stratificazione. La granulometria del deposito e estremamente 
varia e va dalle argille, alle sabbie e ai ciotoli di dimensioni anche 
decimetriche. 

Sembra poter stabilire che ii ruscello, che ha generato la 
grotta, scorre nella zona di contatto fra due strati di cui l'inferiore, 
a piu alto tenore argilloso, funge da vero e proprio livello di 
trattenuta. Dato ii particolare terreno in cui si apre la grotta, sono 
necessarie alcune considerazioni sulla circolazione idrica ipogea 
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e sulla percolazione dell 'acqua meteorica attraverso la massa dei 
depositi fluvio-glaciali che qui osserviamo. 

II corso d 'acqua, che attualmente percorre la grotta solo in 
periodo di morbida, si e aperto inizialmente la strada lungo un 
giunto di strato, anche si appena accennato. lnnanzitutto occorre 
mettere in risalto che sia i blocchi delle filladi quarzifere sia i 
blocchi di arenaria silicea presenti nella massa non possono esse
re attaccati dall 'acqua piovana acida per CO2 disciolta. 

L'azione decalcificante si sviluppa quindi solamente sui ciotoli 
calcarei e sul cemento carbonatico. Cosi l'acqua circolante lungo 
ii giunto di strato ha operato la corrosione dei ciotoli del letto 
dello strato superiore con conseguente formazione di piccoli vani 
nella massa conglomeratica. 
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La pressione idrostatica e l'azione meccanica hanno facilitato 
l'opera di formazione di un condotto primario che successivamen
te ha continuato ad ampliarsi a causa della concomitanza delle 
azioni chimica, meccanica e graviclastica. 

II deposito conglomeratico sembra presentare una certa per
meabilita dovuta ad interstizi fra i clastici , non essendo questi 
completamente cementati. L'acqua percolante, chimicamente atti· 
va, attraversando la massa conglomeratica aggredisce i ciotoli 
calcarei ed allo sboccare sulla volta della cavita, cambiando le 
condizioni di temperatura e pressione, tende a depositare i sali 
disciolti sottoforma di quelle esili stalattiti tubolari che ornano le 
volte stesse. La formazione di consistenti depositi concrezionali 
e impedita dalla rapida evoluzione delle volte dovuta essenzial
mente all 'azione graviclastica accentuata anche dalle piene del 
torrente che tendono ad evacuare i clastici ammassati sul pavi
mento e a erodere le pareti della galleria. 

II torrente in magra sbocca all 'esterno attraverso alcune perdi· 
te , prossime al condotto di ingresso, che si sviluppano circa lungo 
ii giunto di strato. Notevoli portate hanno difficolta ad essere 
smaltite attraverso gli esigui esutori di magra e quindi ii livello 
dell 'acqua aumenta tanto da uscire in contropendenza attraverso 
ii condotto percorribile dall 'uomo. E' chiaro che sia la pressione 
idrostatica sia la completa imbibizione della roccia incassante 
favorisce la disgregazione delle pareti e delle volte mutando la 
morfologia della cavita. 

Non abbiamo altri esempi nella nostra zona di cavita aperte 
in depositi fluvio-glaciali tardo o post wormiani quindi riteniamo 
interessante renderlo noto nella speranza di trovare altri casi che 
ci consentano di approfondire le conoscenze su questo interes· 
sante fenomeno. 

Las cuevas de grietas en las margas arcillosas de la parte oriental de la 
Cuenca Cretacica Checa, Checoslovaquia 

RESUM 

Musil, J. 
Sociedad Checa de Espeleologfa, 
Organizaci6n 5-04 OSIRIS 

A /es margues argi/oses de/ Turonia, a la part oriental de la Conca Cretacica txeca s 'hi han original moltes «coves de fissures» 
a causa de/ moviment de/s pendents. Malgrat /es investigacions realitzades no es possible de donar una explicaci6 satisfactoria a 
la problematica de/ pseudocarst de la regi6. Aixo es el que sembla desprende 's de/s descobriments de noves «coves de fissures», 
com la cova de Brnenec, de 60 m. de longitud, la prolongaci6 de sistemes ja coneguts de coves i la cova de Rozhranf, de mes de 
200 m. de /ongitud. · 

Actualment ha estat possible d'estudiar detingudament /'espe/eogenesi de /es coves de Certovy dfry («Forats de/ Diable») a 
Bela, prop de la ciutat de Svitavy. Les coves s 'han originat pel moviment de blocs, /es causes de/ qua/ s'estan estudiant. Se suposa 
/'existencia d 'una zona p/astica, on es produeix «creep», la qua/ es va originar a partir d'una serie de transformacions geoqufmiques 
de la glauconita present a /es arenisques de/ Cenomania marf i a la base de/ Turonia Inferior i component dels carbonats de /es 
margues argiloses de/ Turonia Inferior i a partir /'aigua subterrania acumulada a /es arenisques i al seu mantel/ superior. 

RESUMEN 

En las margas arcillosas de/ Turoniense en la parte oriental de la Cuenca Cretacica Checa habfan originado muchas «cuevas 
de grietas11 por los movimientos de las pendientes. A pesar de las investigaciones anteriores no es posible considerar la problematica 
de/ pseudokarst de esta regi6n como conclufda. Eso documentan /os descubrimientos de las nuevas cuevas de gietas//a cueva de 
Brnenec -60 m de largo/y la prolongaci6n de /os conocidos sistemas de las cuevas//a cueva en Rezhranf -mas de 200 m de largo/ 

La espe/eogenesis fue hasta hoy detalladamente estudiada en las cuevas conocidas de «Certovy dfry/«Agujeros de/ Diablo»/en 
Bela cerca de la ciudad de Svitavy. Las cuevas se originaban por los movimientos de bloques, cuyas causas se examinan. Se 
presupone la existencia de una zona plastica, en que se produce «creep», la que se origin6 por causa de las transformaciones 
geoqufmicas entre la glauconita, involucrada en las areniscas de/ Cenomanian marina y de la base de/ Turonian inferior, componente 
de/ carbonato en las margas arcillosas de/ Turonian inferior y el agua subterranea que se acumula en las areniscas y su manta superior. 
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RESUME 

Dans /es marnes argileuses Turoniennes, dans la partie orientate de la vallee crayause Tcheque, /es mouvements des pentes 
avaient provoque beaucoup de grottes en crevasses. Malgre /es recherches anterieures ii n 'est pas possible de considerer le 
probleme du pseudokarst comme resolu dans cette region. C 'est ce que documentent /es decouvertes de nouvel/es grottes en 
crevasses -la grotte de Brnenec de 60 de long -et la prolongation des systemes connus des grottes- la grotte de Rezhrani de 
plus de 200 m de large. 

La speleogenese a ete Jusqu 'a present soigneusement etudiee dans /es grottes connues de «Certovy dfryjTrous du diable» a 
Bela pres de la ville de Svitavy. Les grottes etaient provoquees par /es mouvements de blocs, dont on examine /es causes. On 
suppose /'existence d 'une zone p/astique, dans /aquel/e se produit «creep», qui fut formee a cause de transformations geochimiques 
entre la glauconite, melangee aux gres du Cenomanien marine et de la base du Turonien inferieur, composant du carbonate dans 
/es marnes argileuses du Turonien inferieur et f'eau souterraine qui s'accumule dans /es gres et le filon superieur. 

En Checoslovaquia, ademas de numerosas cuevas carsicas, 
hay tambien cuevas pseudocarsicas que estan vinculadas a diver
sas rocas , en cuyas investigaciones tiene nuestro pafs ya una 
larga tradici6n/citemos como mfmino el trabajo de Kunsky/1957. 
En los ultimos anos ha intensificado mucho su investigaci6n espe
leol6gica, se ha descubierto una cantidad de nuevas localidades, 
frecuentemente con las longitudes sorprendentes/por ejemplo la 
Cueva de detrito de Teplice en las areniscas cretaceas del Pianal
to de Broumov tiene gracias a los espele6Iogos de la Organizaci6n 
5-03 de Brounov de la Sociedad Checa de Espeleologfa bajo la 
direcci6n del senor Kopeky el largo mas de 1 km; la Organizaci6n 
de la SChE 7-01 ORCUS de Bohumfn bajo la direcci6n del senor 
Wagner ha explorado en la sierra de Beskydy de Moravia y Silesia 
la Cueva de Cyrilka que con sus 320 m de longitud presenta, 
hasta la fecha, la mas larga cueva de grietas en Checoslovaquia/. 
A muchos conocimientos valiosos se ha llegado en el estudio de 
su genesis, clasificaci6n y tipologfa. Hay que acentuar sobre todo 
la aportaci6n de las obras de Vftek/1978, 1981 , etc./quien ha 
formado la tipificaci6n morfogenetica del pseudocarso que tiene 
no solo la importancia regional, sino que en las condiciones del 
clima moderadamente humedo es posible generalizarla. A la inves
tigaci6n del pseudocarso en Checoslovaquia ha ayudado mucho 
la realizaci6n de dos Jornadas del Pseudocarso en 1982 y 1985 
con la participaci6n internacional en Janovicky cerca de Brounov. 
Estas Jornadas, organizadas por la SChE, han ayudado en ahon
dar el interes por el pseudocarso. 

El objeto de la presente ponencia es senalar la extension de 
las cuevas de grietas en las margas arcillosas de la Cuenca 
Cretacea Checa, su morfologfa y desarrollo. Desde el punto de 
vista de las clasificaciones mundialmente vigentes, ante todo la 
clasificaci6n ffsica-qufmica de Cigna/1978/, pertenecen estas cue
vas unfvocamente al pseudocarso. El termino tecnico cueva de 
grietas/Crevie-type cave/, en general , lo trajo en la literatura Vftek/ 
1978/para las cuevas pseudocarsicas que habfan originado por 
el ensanche de la fisura mediante el movimiento al menos de un 
bloque de roca. Estas cuevas eran antes designadas como cue
vas de fisuras que es el termino actualmente reservado para 
cuevas que son resultado de la ampliaci6n de fisuras tect6nicas 
por los procesos de meteorizaci6n de rocas. En las margas arcillo
sas de la Cuenca Cretacea Checa las cuevas de grietas se hallan 
sobre todo en su parte oriental. A las cuevas se les prestaba 
atenci6n por parte de varios autores. Las obras mas importantes 
carsol6gicamente son las de Vftek/1972, 1977 / quien, cartogra
fiando las principales localidades, explic6 el origen de estas cue
vas de grietas por los movimientos de la pendiente. A pesar de 
eso no es posible considerar la problematica del pseudocarso 
en las margas arcillosas como conclufda, sea en vista de los 
futuros descubrimientos y de la prolongaci6n de las cuevas, sea 
en la explicaci6n de su origen y desarrollo y etc. Eso documentan 
los resultados de las investigaciones que allf realizan los miembros 
de la Organizaci6n 5-04 OSIRIS de la SChE. 

Principales localidades: 

La Cueva en Lansperk- en el valle del rfo Ticha Orlice. Se 
trata de la grieta de direcci6n NE-SW con la longitud de 25 m y 
la profundidad de 14,5 m. 
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La Cueva/Sima/de/ Aire Co/ado en Hradek- tambien en ese 
valle . Esta formada por el sistema de grietas verticales que pene
tran hasta la profundidad de 38,5 m. 

La Cueva Betnfk- en el valle del arroyo de Domoradice. La 
grieta tiene direcci6n N-S y el largo de 40 m. La hondura es 22 
m. 

La Cueva Kalvarie/V Dolech/ - en el valle del arroyo de Skuhrov 
cerca de Ceska Tl'edova. El sistema de grietas cruzadas va hasta 
la hondura de 20 m. La longitud total es 50 m. A consecuencia 
de la fuerte alteraci6n anterior de rocas por hielo la Cueva Kalvarie 
presenta hoy dfa una de las mas labiles cuevas de grietas con 
un derrumbe muy intenso. 

La sima en Hornf Ujezd- en el valle del Desna. Las grietas 
con el transcurso principalmente vertical son observables hasta 
la profundidad de 28 m. 

Las Cuevas Certovy dfry/ Agujeros def Diab/a/- en el valle del 
arroyo Bela cerca del pueblo de Bela. En total 4 cuevas de 
grietas, de las cuales la mayor tiene 100 m de largo y 15 m de 
hondo. 

Las Cuevas en Brnenec- tambien en el mismo valle. En total 
4 cuevas, cuyas entradas fueron descubiertas por el arranque 
de las margas arcillosas en la cantera. Las cuevas 1 y 2 son 
grietas altas y estrechas, en mayor parte destruidas por el arran
que, de 10 m de largo. La cueva 3 es morfol6gicamente analoga 
a las cuevas de detrito. Es desarrollada en Ires pisos, con la 
longitud total de 60 m y la profundidad de 11 m. 

La Cueva en Rozhranf- en el valle del arroyo de Bradlne. Es 
un sistema complejo de grietas que se cruzan y forman unos 
pisos; tienen 20 m de hondo y 200 m. de largo. A pesar del 
derrumbe intense los miembros de la OSIRIS contfnuan aquf en 
el trabajo de prolongaci6n. 

La Cueva cerca de Hfebec- se halla en la pendiente abrupta 
de la cuesta de Cresta de Hl'ebec. Una serie de grietas intercomu
nicadas que Hegan hasta la profundidad de 10 m. 

La Cueva en Velke Opatovice- se encuentra en la pared de 
la cantera abandonada encima del arroyo de Opatovice. Pese a 
que una parte del sistema se destruyera por la explotaci6n, el 
resto tiene 45 m de largo y continua ampliamente hacia la hondura. 

La Cueva en Boskovice- se encuentra en la cantera en el 
valle del Bela. Relicto de la cueva destrufda, antano hasta, ahora 
tiene 15 m de largo. 

Las Cuevas en Dolnf Lhota- se encuentran encima de la 
cantera en el valle del rfo Svitava. Las grietas de 10 m de hondo, 
formadas solo hace unos anos en consecuencia de la perturbaci6n 
de la estabilidad de la pendiente por la explotaci6n superficial 
en la pedrera. 

Las cuevas tienen en su mayorfa el caracter de grietas altas 
y estrechas, orientadas de acuerdo con la direcci6n original de 
la fisura tect6nica o atect6nica. En el perfil diagonal tienen la 
forma de la letra A, a veces la paredes estan casi paralelas o 
en forma de la letra V y el cielo es constitufdo de bloques desmoro
nados y detrito. Con tal que la roca haya sido alterada por diversas 
causas ya en los planes horizontales, la morfologfa es distinta. 
La cueva tiene el caracter de bajas galerfas de arrastramiento y 
frecuentes derrumbes. Los espacios mas vastos entre mayores 
bloques no son altos. Hay aquf una analogfa llamativa con las 
cuevas de detrito. Ambos dichos tipos morfol6gicos pueden com
binarse mutuamente. 



De este resumen de cuevas se desprende que se trata de 
las localidades con el tamafio muy pequefio. Pero lo que a noso
tros nos interesa, es su genesis. La morfologfa de las cuevas, 
asf como las mesoformas superficiales acompafiantes/las depre
siones, los bloques aislados inclinados, etc./corroboran que la 
causa principal de su origen son los movimientos de bloques de 
la pendiente. Las condiciones de origen de estos movimientos 
de la pendiente son las siguientes/Pasek, Kosfa.k 1977 / : 

1 / la colocacion horizontal o subhorizontal de las rocas 
2/ la existencia de dos diversos conjuntos de rocas , donde 

las rocas firmes , rfgidas estriban en rocas blandas, plasticas 
3/ las rocas blandas de la sub-base estan desnudas en el 

pie de la pendiente como consecuencia de la erosion, eventual
mente de la intervencion del hombre 

En esta situacion se produce la pendiente inestable. En las 
rocas blandas de la sub-base ocurre por efecto de la presion del 
manta superior el fenomeno llamado «creep», el cual pasa episodi
camente en corrimiento mas rapido. Las rocas de la pendiente 
en consecuencia del «creep» en la sub-base se rompen en blo
ques, cuando los pianos primordiales incomunicantes son, natural
mente, las fisuras tectonicas. Los bloques se mueven y hunden 
a su sub-base, originando de este modo las cuevas de grietas 
entre ellos, produciendose asf la igualacion de la estabilidad de 
la pendiente. Asf es posible imaginarse, de manera un poco 
simplificada, la genesis de cuevas de grietas en las margas arcillo
sas. La situacion, sin embargo, no es asf de unfvoca. Con exacti
tud corresponden al esquema por ejemplo la Cueva en Boskovice 
y las Cuevas en Dolnf Lhota. En ambos cases forman la zona 
plastica las arcillas del Cenomanian de agua dulce en la base 
de rocas cretaceas. En Boskovice fueron descubiertas por la 
erosion del Bela, en Dolnf Lhota, por la explotacion superficial , 
lPero, que decir en caso de otras localidades, donde la segunda 
citada condicion del origen de los movimientos de bloques no 
esta aparentemente cumplida? De la estructura geologica de los 
alrededores de las cuevas resulta que tambien profundamente 
debajo del fondo del valle se hallan solo las rocas rfgidas. Sin 
embargo se dan aquf los movimientos de bloques que dan origen 
a las cuevas y en el caso del valle del arroyo Bela al sur de la 
ciudad de Svitavy trataremos de explicar sus causas. 

El arroyo Bela es afluente derecho del rfo Svitava, desembo
cando en el en la villa de Brnenec. Unos 1.500 m al oeste de 
Brnenec pasa por el pueblo de Bela. En la pendiente norte del 
valle se encuentran los Agujeros del Diablo; las formas superficia
les de los movimientos de la pendiente continuan intermitente
mente hacia Brnenec, donde tambien se detectaron algunas cue
vas. Geologicamente la region es formada por los sedimentos 
del Cretaceo superior del Sinclinal de Svitavy/Vachtl et al. 1968/, 
estribados en las rocas metamorfosicas. La base del Cretaceo 
la forman las arcillitas y areniscas del Cenomanian de agua dulce/ 
capas de Peruc/, siguen las areniscas glauconfticas del Cenoma
nian marino/capas de Korycany/. El manta superior lo crea la 
Formacion de Bfla Hora del Turonian inferior. La base es formada 
por las areniscas glauconfticas, luego continuan capas de las 
espongilfticas margas arcillosas de arena y capas de las espongilf
ticas margas arcillosas y areniscas. Los sedimentos del Cretaceo 
fueron alterados tectonicamente por cada fase de la Tectogenesis 
Sajona y se formaron sistemas de fisuras . Los sedimentos hacen 
reverencias hacia el norte y noroeste con el declive de 1 .0 • El 
valle del Bela es ahondado en las margas arcillosas y en Brnenec 
tambien en las areniscas glauconfticas de la sub-base. Las cuevas 
mismas son desarrolladas en las margas arcillosas y areniscas 
espongilfticas de unos 30 m encima del fondo del valle. Las 
areniscas glauconfticas contienen casi 20 % de glauconita cuyas 
propiedades especfficas y la importancia para los movimientos 
de la pendiente explico Zaruba/1961/. El nivel de la superficie 
del agua subterranea es mantenido por la estructura del sinclinal 

35 

de la region cretacea y por el borde de la sub-base impermeable 
en la altura constante de unos 400 m sabre el nivel del mar. El 
agua subterranea se acumula en las areniscas glauconfticas y 
su manta superior. Se producen las transformaciones geoqufmi
cas entre la glauconita, el componente del carbonate de las 
margas arcillosas y el agua subterranea, cuyo resultado es la 
desagregacion de la base del conjunto de las margas arcillosas. 
Asf se origina una zona plastica en la cual se puede producir el 
«creep». De esta manera esta cumplida la segunda condicion 
para el origen de los movimientos de bloques. Hace falta que se 
produzca todavfa el desmantelado erosive de la zona plastica, 
pues, el valle ha de ser ahondado hasta debajo el nivel de la 
superficie del agua subterranea que forma el lfmite entre los 
conjuntos firme y plastico de las margas arcillosas. Tambien esta 
condicion esta cumplida y poco encima del lugar, donde se cruzan 
teoricamente la superficie del agua subterranea con el fondo del 
valle se encuentra la cueva mas occidental de los Agujeros del 
Diablo. El problema pendiente por ahora queda la determinacion 
de la edad de la zona plastica. Pudo formarse despues del ahon
damiento erosive del arroyo o antes. Eso, por ahora, no es posible 
determinar y la discusion acerca de este tema serfa demasiado 
vasta. 

En el ejemplo de las cuevas del valle del arroyo Bela fueron 
mostradas las condiciones cumplidas de la genesis de las cuevas 
de grietas en las margas arcillosas ·de la Cuenca Cretacea Checa. 
La zona plastica aquf se halla presente en la base de las margas 
arcillosas. La situacion analoga existe tambien en caso de las 
otras localidades. 
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Subjacent karst of evaporites as a cause of huge accumulations of brown 
coal and their disturbances in Poland 

Jerzy Glazek 
Warsaw University, Poland 

RESUM 

La major part dels diposits importants de carbo que es coneixen a Polonia es van formar en depressions Pre-badenianes, al 
1/arg de zones de fractura entre Jes extenses evaporites de Zechstein i Jes Triasiques de capes profundes. L 'origen d 'aquestes 
depressions s 'explica per la gran profunditat (superior a/s 4 km.) i dissolucio subjacent («subrosio>>) de Jes evaporites i per la circulacio 
de /'aigua subterrania. Aquesta circulacio d 'aigua en profunditat fou possible per /'efecte simultani de /'hidrotermalisme, J'elevacio i 
els mecanismes de bombeig glacials. 

Probablement aquesta elevacio considerable (0/igoce-Mioce Inferior) va generar un hidrotermalisme superior al contemporani i 
/'activitat vo/canica d 'aquella epoca (30-15 M anys) relacionada amb el gran f/uxe de ca/or, resultat de /'acce/eracio de /'intercanvi 
d 'aigues subterranies en Jes roques sedimentaries. Procesos de «subrosio» similars s 'activaren durant el Plistoce, a causa de f/exions 
isostatiques glacials que ocasionaren un bombeig de /'aigua subterrania profunda. Com a consequencia, aquestes depressions, 
buidades, es varen emplenar de torba. Aquest carbo reve/a els desordres deguts al combament subrosional subsequent. 

RESUMEN 

La mayorfa de /os depositos importantes de carbon conocidos en Polonia se acumularon en depresiones pre-Badenianas a Jo 
largo de zonas de fracturas entre la extension de las evaporitas de Zechstein y Tria.sicas en capas profundas. El origen de estas 
depresiones se pueden explicar por la profundidad (superior a 4 Km.) diso/ucion subyacente («subrosion») de las evaporitas por la 
circulacion de/ agua subterra.nea. Esta circulacion de agua en profundidad fue posib/e por el efecto simulta.neo de/ hidroterma/ismo, 
el levantamiento y /os mecanismos de bombeo glaciates. 

Problablemente el considerable levantamiento (Oligoceno-Mioceno inferior) produjo un hidrotermalismo mucho mayor que el 
contempora.neo y la actividad vo/ca.nica de aquella epoca (30-15 M anos) relacionada con el caudal de ca/or incrementado que 
resulta en la aceleracion de/ intercambio de aguas subterra.neas en rocas sedimentarias. Los procesos de «subrosion» similares 
fueron activos en el Pleistoceno debidos a flexiones isosta.ticas g/acia/es que produjeron bombeo de agua subterra.nea profunda. 
Como resultado estas depresiones vaciadas se rellenaron de turba y este carbon revela desordenes debidos al combamiento 
subrosional subsecuente. 

SUMMARY 

Most of the known thick brown coal deposits in Poland were accumulated in pre-Badenian depressions along fracture zones 
within the extension of Zechstein and Triassic evaporites in the deep substrate. The origin of these depressions may be explained 
by the deep / up to 4 km/ subjacent dissolution /subrosion/ of evaporites by groundwater circulation. Such depth of water circulation 
was enabled by joint effect of hydraulic head, heat lift and glacial pumping mechanisms. 

Probably, the considerable uplift / Oligocene-Lower Miocene/ caused much greater than contemporaneous hydraulic head and 
volcanic activity in that time / 30-15 Myr/ connected with increased heat flow resulted in acceleration of deep groundwater exchange 
in sedimentary rocks. Similar subrosion processes were active in the Pleistocene due to glacial isostatic flexing lexing which caused 
deep grundwater pumping. In result, subsided depressions were filed with peat and than brown coals revealed disturbances due 
to subsequent subrosional sagging. 
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Magnesite karst in the Slovenske rudohorie Mts. /Czechoslovakia/ 

Zenis Pavel - Gaal Ludovft 

RESUM 

A Jes muntanyes de Rudohorie, a Eslovaquia, els complexes carbonffers dolomia-magnesita de/ Gemericum comprenen el 
fenomen subterrani carstic: /es cavitats. Aquestes cavitats, en efecte, constitueixen el principal instrument per a la identificacio i 
descripcio de/ carst de magnesita, ja que Jes magnesites afloren, solament, en una petitfssima extensio de la superffcie. La carstificacio 
causant de la genesi de Jes cavitats s 'associa amb /'erosio atmosferica qufmica de Jes magnesites, en conexio amb els procesos 
mecanics de Jes zones mes afectades tectonicament. 

RESUMEN 

En los Mts. Rudohorie en Eslovaquia, /os complejos carbonfferos dolomfa -magnesita de/ Gemericum comprenden el fenomeno 
subterra.neo ka.rstico- las cavidades. Estas cavidades en efecto, son el principal instrumento para la identificacion y descripcion de/ 
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karst de magnesita, ya que las magnesitas af/oran solamente en una pequems,ma extension de la superficie. La karstificacion 
causante de la genesis de cavidades se asocia con la erosion atmosferica qufmica de las magnesitas, en conexion con los procesos 
meca.nicos en las zonas mas afectadas tectonicamente. 

SUMMARY 

In the Slovenske Rudohorie Mts., the Carboniferous dolomite-magnesite complexes of the Gemericum comprise the underground 
karst phenomena -the caves. These caves are, in fact, the crucial tool in identifying and describing the magnesite karst, since 
magnesites are outcropping only to a very small extent on the surface. Karstification, causing the genesis of caves, is associated 
with the chemical weathering of magnesites, in connection with the machanical processes in tectonically most affected zones. 

I. Introduction 

From the karstification viewpoint, cristalline magnesite 
belongs, generally, to relatively little known carbonate rocks . This 
can be explained mainly by the fact that its presence on earth's 
surface does not attain high amount in comparison with limestones 
and dolomites. In favourable cases, higher concentrations of 
magnesite usually represent economically important and in 
masses exploited raw materials, which, to a certain degree limits 
the possibilities of detailed investigation of the karst phenomena. 
On the other hand, the fact needs to be mentioned that it was 
namely mining works that enabled us to obtain the results , since 
mainly natural underground caverns, inaccessible from the 
surface, are a dominant feature of magnesite karst in the 
Slovenske rudohorie Mts. Obtained data and Knowledge on the 
magnesite karst are concerning the region of the Western 
Carpathians, which is, to a certain degree, characteristic by 
relatively abundant occurrences of crystalline magnesites. They 
are concentrated in southeastern part of Slovakia /Fig . 1/, mainly 
in the belt of Carboniferous rocks . They are attributed to the 
most important mineral raw materials exploited at several 
deposits. The deposits of magnesite in Czechoslovakia are one 
of the largest ones in the world . 

Fig.I 
The position of studied objets. Explanations: triangles -deposits of magnesites with 
caves; squares -occurrences of magnesites without caves. 1- Podrecany, 2 - Burda, 
3 - Lubenfk, 4- Dubrava massif, 5 - Kosice / 1 - 5 magnesites in the Carboniferous 
of the Gemericum/; 6 - Kokava, 1 - Hnust 'a / 6 - l magnesites in the Veporicum/; 
8 - Kavecany / magnesites in the Rakovec Group of the Gemericum/ 

II. Magnesites in the Western Carpathians: brief outline of 
geological and mineralogical background 

Geographically, crystalline magnesites occur in the Slovenske 
rudohorie Mts., its western part also reaches the Lucenec kotlina 
depression. They can be found at a number of localities, mainly 
along the Revuca upland and in a lower extent in the eastern 
part of the Volovske vrchy Mis. and Cierna hora. 

Geologically, they relate to three units, different both in age 
and tectonics. The most important deposits of magnesites are 
situated in narrow /maximal width of 4 km/ and 70 km long belt 
of the so-called north-Gemeride Carboniferous /the Dobschau 
Group/ between Podrecany and Ochtina. They occur again in 
the area of Kosice, after the absence in the central part of the 
Gemericum. Certain deposits are situated in the form of tectonic 
outliers also above the Veporikum. They occur in epizonally 
metamorphosed sequence of the Upper Carboniferous. Most 
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frequently, they from lenseshaped bodies, positions and nests 
together with dolomites, in the midst of graphitic, sandy, chloritic 
and sericitic schists, phyllites, diabase tuffs , tuffites, diabases 
and conglomerates /Fig . 2/. Apart from magnesite and dolomite, 
there appear sporadically also limestones and dolomite limestones 
in carbonate positions. Magnesite /the content exceeding 36 per 

w E 

Fig.2 
Cross geological section of the magnesite deposit - Kosice / according to Karpel', 
1963/ Explanations: 1 - gravels, sands, clays / the Kosice formation - Pliocene/, 
2 - magnesite, 3 - dolomite, 4 - phyllites, sandstones /2 - 4 Carboniferous of the 
Gemericum/ 

cent of MgO/ amounts to 45-49 per cent /Abonyi -Abonyiova, 
1981/ at the most important deposits. 

Smaller occurrences of magnesites without economic 
importance can be found in the midst of phyllites of the Rakovec 
Group /Devonian?/ of the Gemericum in the area Jelsava -Ochtina 
and Kavecany. Recently they have also been identified by bore
holes near Mnfsk and Hnilcom /Grecula -Kobulsh. Ky, 1980/. 
Several magnesite bodies, together with talc, are placed in the 
Veporicum crystalline complex, in phyllites and chloritic-talc 
schists, in the zone between Kokava and Rimavicou and Poloma 
near Hnust'a. 

Other magnesite occurrences -those in the Gelnica Group of 
the Gemericum /Benka -Snopko, :1974, Turan -Vancova, 1979a/ 
and also genetically different magnesite occurrences: 
sedimentary, as a part of evaporites fTuran -Vancova, 1976/ as 
well as cryptocrystalline associated with weathering of ultrabasic 
rocks, are all meaningless as to the karstification. 

The attention was focused on magnesites of the Carboniferous 
and only briefly also on the Rakovec Group and the Veporicum. 
The views on their genesis considerably differentiate. The 
substantial part of magnesites has most probably originated by 
metasomatic replacement of original bioherm limestones and 
partly diagenetic dolomites. Metasomatizing Mg-solutions were 
the product of metamorphic processes of regional importance, 
or these solutions were the hydrotherms associated with 
magmatic processes. Mineralogy of magnesite deposits was 
studied from a more complex view mainly by Trdlicka /1959/ and 
Abonyi -Abonyiova /1981/. The main minerals in carbonate bodies 
are: magnesite, dolomite, calcite and at the deposits of the 
Veporicum talc. Quartz, chlorite , suphides, muscovite are in small 



amounts, others can be found only in accessory amounts; and 
there are also some other minerals of the hypergeneous stage 
of the mineralization. Magnesite occurs in three genertations. 
Magnesite I /probably diagenetic/ and magnesite Ill /vein-like/ 
are seldom occurring . Magnesite II / metasomatic/ is the most 
wide-spread , fine- to coarse-crystalline, grey-white to dark-grey 
/dependings on the degree of pigmentation by graphite/. It gains 
different tints of yellow to dark-brown colour from Fe-oxides by 
weathering . Dolomite - the second most abundant mineral , is 
represented by four to five generations. Dolomite I /diagenetic 
or metasomatic/ is dominant -fine- to medium-grained , light to 
dark-grey. It forms slightly traceable layered to coarse-lathy 
positions with some positions and nests of metasomatic 
magnesite. 

Ill. Detailed characteristic of deposits of the Carboniferous 

Outstanding karstification can be traced only on magnesites 
of the Gemericum Carboniferous, mainly on the largest and at 
the present time exploited deposits /Podrecany, Burda, Lubenfk, 
Dubrava massif and Kosice/, to a lower extent also on others 
/Bradno, Ratkovska Sucha, Pioske, Sirk, Ochtina and others/. At 
Podrecany there occur five carbonate bodies which are 
outcropping on the surface, covered by the sediments of the 
Poltar sequence /Upper Pliocene/ extending to 1300 x 300 m. 
The dimensions of the main lense are: the length of 650 m, the 
width of 220 m, the thickness being 80 m. The complex of phyllites, 
schists and carbonates is overthrusted on the envelope sequence 
of the Veporicum. It is dipping 30-50 %0 to the SE. The deposit 
Burda is formed by the carbonate position in phyll ites , with the 
length of 1500 m and the thicknes of up to 150-200 m. It is built 
up of mainly dolomite with maximal thicknees of magnesite up 
to 143 m. It is exposed in the length of 1000 m, of NE-SW direction 
and with the dip of 25-55° to the SE . The carbonate lense of the 
deposit Lubenfk with maximal length 600 m and the thickness of 
100-500 m is situated in the midst of graphitic phyllites. It is 
exposed on the surface within the length of 300 m. The Dubrava 
massif, the largest carbonate body, with its total amount of 
magnesite is one of the largest deposits in the world / Abonyi -
Abonyiova, 1981/. It can be seen on the length of more than 4 
km in E-W direction, the dip of 40-60° to the S, the maximal 
thickness attains 600 m. It is surrounded by sandy, graphitic 
schists and phyllites with bodies of basic rocks and their tuffs . 
The locality Kosice /see Fig. 2/ is formed by three carbonate 
bodies, surrounded by phyllites and sand-stones. They are. placed 
in NW-SE direction, dipping 40-60° to the SW. The length of 
irregular lenses is about 1000 to 1800 m, the width 1100 to 1400 
m, the maximal thickness of 200-300 m. A part of the deposit is 
covered by Neogene sediments. 

From the hydrogeological aspect, the dolomite-magnesite 
complexes often represent independent structures with joint-karst 
permeability, in relation to the surrounding rocks , they function 
as the collector. Predominance of groundwater cycles in 
carbonates is caused by the development of the karst. If the 
tectonic fault of carbonates is conform with the fault of 
surrounding rocks, then the cycle of waters is common for both 
/Klfr, 1962/. 

IV. The genesis of magnesite karst 

The problem of the karst in magnesites of Upper Carboniferous 
on the territory of Slovakia has already been treated . This karst 
was studied mainly by Klif /1962/ and later Gaal -Zenis /1986/. 
As already mentioned in the description of the most important 
deposits, the surface karst forms can evolve only in a very limited 
degree, since magnesites are outcropping only very little on the 
surface and in small areal extent. A determinig factor for the 
magnesite karst are, above all, underground caverns -the caves. 
The origin of magnesite karst is the result of several factors and 

in comparison with limestones and dolomites, it shows different 
features in its very essence - the character of weathering of 
original rock -magnesite. From the chemical- point ot view, 
magnesites do not represent pure magnesium carbonate. Mg2

+ 

is partly isomorphically replaced by Fe2+, Mn2+, and also Ca2+. 

Mainly Fe2+, present in the crystalline lattice of magnesite is 
important. in initiating and intesifying the chemical weathering. 
The FeO contents in Carboniferous magnesites usually vary 
around 2-3 per cent , but often even more. The increasing MgO 
content in the majority of deposits is accompanied by the increase 
of FeO content and also FeO + Fe20 3 which provides the evidence 
for the association of these components / Aboni -Abonyiova, 
1981 / . Due to the oxidation of Fe2+ by atmospheric oxide and 
also due to the hydratation, Fe2+ changes into Fe3+ and the 
resulting product is limonite. Similarly, also Mn2+ is changed into 
hydroxides. Microscopically, the limonitization of magnesite 
proceeds mainly along the edges of grains and along the cleavage 
fissure. Other cations Mg2+, Ca2+ / are either leached by water or 
function in the evolution of hypergeneous carbonates /calcite or 
also dolomite/ jTrdlicka, 1959/. All these secondary products, 
together with non-soluble restites and relicts of non-decomposed 
carbonates /mainly dolomite/and weathered silicate rocks, form 
a part of porous to earthy, brown-coloured mass designated ochre. 
Certain aggessive role in the decomposition of magnesite can 
also be played by sulphate ions coming from the weathering of 
pyrite, occurring mainly in graphitic schists jTuran -Vancova, 
1979, Vancova - Turan, 1979/. Generally, also if excluding catalytic 
effects of Fe2+ at physical-chemical weathering of magnesites, 
the solubility of magnesite is higher in comparison with calcite 
and dolomite. Free caverns in magnesites originate despite their 
intensive weathering along the tectonic faults only in a smaller 
extent, since chemical leaching of carbonate components is not 
enough sufficient to form free caverns. Al least in the same equal 
measure, mechanical outflow of chemically resistant limonitic 
ochres by karst waters along the tectonic faults , is needed. 
Caverns originated in this way are frequently due to the blocking 
of drain «channels», also filled with water, also above the level of 
karst water. Caverns with free space often originate mainly as a 
consequence of artificial interference -the drainage of faults filled 
with ochre and water by mining works. As already mentioned, 
the tectonic predisposition also functions as a determining 
element conditioning the origin of underground karst forms in 
magnesites. It is evident that the intensity of karstification is 
dependent upon the size and thickness of faults and 
accompanying fissures . Tectonically crushed systems, the places 
where several faults cross and faults reaching farther into the 
surrounding rocks , are especially suitable. The dynamic cycle of 
groundwaters takes place and possibly also mechanical 
expanding of space. Generally, the karstification along the faults 
is not continuous, yet it reaches considerable depths. On the 
surface it is expressed by not clear depression forms; more 
detailed study is hindered by the ochre weathered envelope. 
Especially, magnesites from the deposit at Podrecany were very 
intensively effected by the weathering on the surface. Ochres 
attain the thickness of up to 40-60 m there. They are covered 
with the sediments of the Poltar sequence, which indicates already 
pre-Upper Pliocene karst weathering of magnesites . These are 
also the only direct evidences of the karstification age practically 
at all localities, as a matter of course, not considering the present 
weathering processes. 

Dolomites, in space connected with magnesites, have been 
effected by karstification processes to a lower extent. 

38 

These data allow to conclude that the origin of caves in 
magnesites is the result of the effects of both the chemical 
weathering /conditioned mainly by the presence of Fe2+ in 
magnesites/, the tectonics and also the dynamic flow of karst 
waters. All these conditions are met first of all by Carboniferous 
magnesites. The absence of any of these factors, as evidently 
testified by deposits in the Rakovec Group /low content of FeO/ 
and the Veporikum /also low FeO content , faults filled with plastic 
talc , gradual disappearing of faults into the surrounding chloritic
talc schists/, causes that the karst does not originate /see Fig . 1/. 



Fig. 3 
Tectonic-morphological map of the cave BU-2 / magnesite deposit Burda, 5th 
horizon - East. 

V. Morphology of caves and their secondary filling 

All registered karst caverns were dug by underground mining 
works several tens to the low metres below the surface. In most 
cases, these spaces were formed on steeply dipping tectonic 
faults , sporadically also on the border of two lithologically different 
rocks. On the system of parallel faults and accompanying faults, 
also differently ramified and mutually connected spaces can 
originate, yet their general direction is always determined by the 
main fault /Fig . 3/. The walls of the caverns are usually formed, 
apart from in situ, by ochred magnesites and veinlets, and nests 
of non-decomposed dolomite. Allochthonous material is mainly 
represented by flown loams /Fig . 4/, which in some cases entirely 
fill originally free caverns. Such fossilated caverns are most 
common mainly in the levels near the surface of the deposit at 
Podrecany. The majority of caves have morphologically the 
character of widened faults /0 ,X-3 m, only sporadically more/ and 
chimneys /at the crossing of faults/. The heigt and the length of 
the space are usually dominant over the width. The length does 
not exceed several metres to tens of metres, the height of several 
metres to the low metres. The volumes exceed 500 m3. Very 
often they are hydrologically active, which is expressed by 
moistening and dropping , The longest cave of this type was 
registered at the deposit Burda. Its length attains 73 m, although 
a part of it has already been filled with minig waste. The secondary 

Fig. 4 
Idealized cross section of the cavern in magnesites. Explanations: 1 -
non-weathered magnesites, ochres in situ, 3 - allochthonous ochre loams, 4 -
freed ochre boulder, 5 - free space 
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mineral filling is represented by the crusts of palygorskite. The 
caves in more progressive stage of development than the 
preceding ones are seldom. Their unique representative is mainly 
51 m long cave at the deposit Dubrava massif with rich decoration, 
formed by sintre crusts of calcite and aragonite. In the case of 
aragonite, two morphological types can be distinguished 
- gravitation and excentric, represented paralelly, to not 
considerably straw-like up to 40 cm long bunches with 
complicated aggregation. The vertical flow of karst waters 
functioned primarily in the formation of these caves, the waters 
with horizontal direction of flow to a lower degree and in the 
neighbourhood of the level of original errosion basis. The formation 
of cave levels due to gradular lowering of karst water level in 
largere scale is not supposed. 

Sporadically are present small rounded corrosion caverns /up 
to 2 m/, most probably formed below the level of karst water by 
chemical expanding of small fault systems. Magnesites are ochred 
not considerably, the walls are usually covered by druse 
aggregates from tiny crystals of calcite and dolomite, together 
with leather crusts of palygorskite. 

VI. Conclusions 

Magnesite karst in Slovakia is almost exclusively bound to 
dolomite-magnesite lense-shaped bodies situated in narrow belt 
of Carboniferous rocks of the Gemericum, mainly at the deposits 
Podrecany, Burda, Lubenfk, Dubrava massif and Kosice. It is, in 
fact , represented only by underground karst forms, caves, 
accessible from mining works. Karstification is genetically the 
reflection of the chemical weathering, conditioned by oxidation 
and hydratation of Fe2+ present in the crystalline lattice of 
magnesite, mainly along more pronounced tectonic faults . Free 
caverns originate mainly by mechanical outflow of products of 
magnesite weathering/ochres/ by karst waters; the chemical 
leaching of carbonates plays a secondary role. The caves have 
evolved along and at the crossing of tectonic faults with steep 
dip and vertical flow of karst waters. They have the character of 
expanded faults and chimneys with volume over 500 m3. 

Secondary minerals include calcite, dolomite, aragonite and 
palygorskite. 
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RESUM 

Evoluci6n cinematica de unas grietas de desprendimiento 
por la acci6n antr6pica 

Albert Martinez i Rius 

En el front de/ mantel/ de/ Pedraforca Superior, format per ca/caries de/ Cretaci Inferior i Superior, es van observar, /'any 1984, 
una serie d'esquerdes de desprendiment. La realitzaci6 d 'una explotaci6 a eel obert d'unes mines de carb6 i els materials subjacents 
de/ mantel/, han produit el despla9ament de Jes ca/caries, a partir de Jes esquerdes esmentades. 

S'inclou una analisi teorica d 'aquest tipus de cavitats. 

RESUMEN 

En el frente de/ Manto de/ Pedraforca Superior formado por ca/izas de/ Cretacico Inferior y Superior, se observaron en el ano 
1984 una serie de grietas de desprendimiento. La rea/izaci6n de la explotaci6n a cie/o abierto de unas minas infrayacentes al manta, 
han producido el des/izamiento de las calizas a partir de las grietas mencionadas. 

Se incluye un analisis te6rico de este tipo de cavidades. 

SUMMARY 

In the front of the superior Pedraforca Stratum formed by limestones of the Inferior and Superior Cretaceous, a seires of landslide 
crevices were found in 1984. The exploitation of an open coal mine and the infralying materials of the stratum have produced the 
landslide of the limestones from the mentioned crevices. 

A theoric study on this type of crevices is hereby enclosed. 
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Lava tube cave formation due to a cave crust 

Takashi Ohsako 
The Japan Society of Volcanospeleology 

RESUM 

Com a resultat de considerar a/gunes formes subterranies en cavitats relacionades amb «cave crust», presentem aquf nous 
criteris sobre la formaci6 de las cavitats vo/caniques, segons las teories proposades per Ohsako el 1982. 
S'accepta que, donat que el revestiment de la cova es va formar a partir d 'un corrent de lava fosa, Jes cavitats volcaniques es 
varen desenvolupar en la lava que flueix amb plasticitat de Bingham, d 'acord amb la topografia local i tenint com a punt de partida 
per la seva formaci6 el canal de lava. Es considera tambe que la formaci6 de sostres i pisos dins Jes cavitats volcaniques es deguda 
a la separaci6 hidrodinamica de/s fluxes de lava, mentre que la formaci6 de Jes parets depen de/ progressiu enderrocament de/ pis 
de la cavitat. Tant es aixf, que la ga/eria determinada per /'escort;a solida de la cova es mantindra fins que el fluxe de lava que 
/'envolta s 'hagi refredat completament. 

RESUMEN 

Como resu/tado a considerar a/gunas formas subterraneas en cavidades relacionadas con «cave crust», se presentan nuevas 
opiniones sobre la formaci6n de cavidades vo/canicas segun las teorfas propuestas por Ohsako en 1982. 

Se da por sentado ya que la envo/vente de la cueva se form6 a partir de una corriente de lava fundida, las cavidades volcanicas 
se desarrollaron en la lava que fluye con plasticidad de Bigham, de acuerdo con la topograffa local en el canal de lava como punto 
de partida de su formaci6n. Y se considera que la formaci6n de techos y pisos en las cavidades volcanicas es debida a la separaci6n 
hidrodinamica de los flujos de lava y la fromaci6n de las paredes de/ progresivo hundimiento de/ piso de la cavidad. 

Consecuentemente, la galerfa determinada por la corteza s6/ida de la cueva sera mantenida hasta que el flujo de lava alrededor 
de la misma se haya enfriado completamente. 

SUMMARY 

As a resu/ of considering some morphologies in caves relating to a cave crust, new views of lava tube cave formation are 
presented as follows according to the cave crust proposed by Ohsako in 1982. 
It is assumed that as the cave crust is formed consecutively in molten lava, a lava tube cave is developed along a flowing lava with 
Bingham platicity, regarding local topography in lava channel as the starting point of lava tube cave formation. And it is considered 
that the formation of ceilings and floors of lava tube caves is due to hydrodynamic separation of lava flows, and the formation of 
sidewalls depends upon the sink of the cave floor. 
Consequently, the passage space formed by the solid cave crust will be maintained until the lava flows around the cave have 
congealed completely. 
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RESUM 

Cave formations from noncalcareous caves in Kyushu, Japan 

Naruhiko Kashima 
Department of Geology, Faculty of General Education, Ehime 
University, Matsuyama, Japan 

A la part central i a la part sud de Kyushu, al S.O. de/ Jap6, hi sovintegen els volcans quaternaris amb grans ca/deres i diposits 
de fluxe piroclastic. 

Hi ha tambe a/gunes coves no ca/caries, tubs de lava i coves d'erosi6 amb importants co/aments de lava i a/tip/ans piroclastics. 
La intenci6 d'aquest treba /1 es de donar una descripci6 de Jes formacions d 'aqu&stes coves no ca/caries, de/ biospeleotema 

(co/onia de diatomees) i de/s minerals que hom hi pot trobar (guix i taranakita). 
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RESUMEN 

Vo/canes cuaternarios con grades calderas y dep6sitos de flujo piroc/astico estan distribuidos por la parte central y Sur de 
Kyushu at Sudoeste def Jap6n. 

Existen atgunas cuevas no calcareas, tubos de lava y cuevas de erosion en sus notables co/adas de Java y mesetas piroc/asticas. 
Et prop6sito de este trabajo es dar una descripci6n de la formaci6n de estas cueva~ no catcareas el bio-espeleotema (colonia 

de diatomeas) y los minerales de cuevas (yeso y taranakita). 

SUMMARY 

Quarternary volcanoes with large calderas and pyroclastic flow deposits are distributed in central and southern Kyushu, southwest 
Japan. Some noncalcareous caves, Java-tubes and erosional caves, occur in their relevant lava flows and pyroc/astic plateaus. 

The purpose of this paper is to give a description of the cave formations from these nonca/careous caves; the bio-speteothem 
(diatomaceous colony) and the cave minerals (gypsum and taranakite). 

Introduction 

In Japanese Islands, over a few thousand limestone caves are 
estimated to exist, but an accurated count has not been made. 
On the other hand, the noncalcareous caves; lava caves and 
erosional caves are sporadically distributed throughout this 
country. The studied area (Fig. 1) is a part of Kyushu Island, 
which lies in the Southwest portion of Japan. 

Recent investigations of the noncalcareous caves in Kyushu 
Island by OGAWA (1981) and FUNAKOSHI et al. (1982) indicate 
that the lava caves and erosional Shirasu caves are widely 
distributed. Nevertheless, even today, there are few data relative 
to the speleo-minerals ins the noncalcareous caves in Kyushu . 

This short note produces a special speleothem which consists 
mainly of diatomaceous colonies and two speleo-minerals from 
the noncalcareous caves in Kyushu. 

31° ---------

130° 

Fig. 1. Geographical and Geological locations of the studied caves. 1: Kometsuka-no
ana Cave, 2: Sakaidani-do Cave, 3: Mizonokuchi-do Cave and 4: Katano-do Cave. 
a: The Aso pyroc/astic flows and 8 : The so-called ,Shirasu». 
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geological setting and Studied caves 

The Aso volcano, located in Central Kyushu, erupted 
pyroclastic flow in four major eruption cycles before the formation 
of the Aso caldera in Late Pleistocene age. The Aso pyroclastic 
flows accompanied with air-fall pyroclastics of these four cycles 
with intercalation of air-falls and lava flows. Many post-caldera 
central cones have been formed inside the caldera and one of 
them is still active. 

Kometsuka-no-ana Cave lies about 4 km northwest of the 
active central volcano cone, Naka-take (1,506 m), Kumamoto 
Prefecture, at N 32° 54'08" and EL 31° 02'42" . It is developed 
in darkgray to black, porous basalt. 

Sakaidani-do Cave is located near the southern boundary of 
the Aso pyroclastic flows which is distributed along valleys in 
Hinokage-cho, Miyazaki Prefecture, at N 32° 42'07" and E 131° 
23'53" . This erosional cave developed in the basal part of Aso 
pyroclastic flows . 

The so-called «Shirasu», large scale pumice flow deposits, 
which erupted from caldera volcanoes (Aira, Ata and Ikeda) of 
Late Pleistocene age is widely distributed over South Kyushu. 

Two erosional caves in the Shirasu formations, Mizonokuchi-do 
Cave, Mizonobe-cho, at N 31° 51 '10" and E 13° 37'21 "; Katano-do 
Cave, Shibushi-cho, at N 31° 31 '46" and El 31° 09'40" , in 
Kagoshima Prefecture are investigated, preparatorily. 

Biospeleothem 

At the start, Mr. IRIE of the Kumamoto Education Center found 
the crystalline cave coral-like formation 2-3 cm in height and 0.5-1 
cm in diameter from Sakaidani-do Cave. The X-ray pattern 
contains no diffraction peaks. Recently, this specimen has been 
reexamined by scanning microscope and revealed to consist 
mainly of diatomaceous colonies. Some of the diatom flora, such 
as genus Cyctotella, were recognized. 

The distribution of the diatomaceous speleothems was 
restricted within the cave entrance to threshold zone and occurs 
primarily as crystalline formations on cave walls , ceilings and 
breakdown blocks and oriented with respect to cave entrance. 

Thin sections showed the structure of an alternation of thin 
films of clay minerals and very fine detrital matters and the 
diatomaceous layers. 

The chemical composition of the diatomaceous layers of 
biospeleothem shown in Table 1 . 

Speleo-minerals 

The following recently formed speleo-minerals were identified 
by X-ray diffraction analysis . 

Gypsum Caso:HzO Gypsum speleothems was found in 
Kometsuka-no-ana Cave, Sakaidani-do Cave, Mizonokuchi-do 
Cave and Katano-do Cave. In Kometsuka-no-ana Cave, gypsum 



Table 1. Chemical composition of the diatomaceous layers in 

biospeleothem by the electron probe microanalyzers(wt%) . 

Sample 
l 2 4 5 6 7 8 

numbers 

P205 

Sio2 89.83 91.94 88.98 97.36 91.41 88.58 92.61 92.92 

Al 2o 3 0.48 0.83 1 . 74 0.34 1.26 1.85 0.64 1.54 

of soda over potash and of lime over ferrous iron oxide. From 
this chemeical composition indicated that potassium and 
aluminium of taranakite have been derived from the Shirasu and 
the other phosphatic acid have been transferred from bat guano. 

The speleominerals form only two species in these four 
noncalcareous lava and erosional caves have been discovered, 
but these facts suggest that there is a possibility of discovering 
additional new minerals from the noncalcareous caves in 
Japan. 
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occurs as white crystalline , delicate coral-like speleothems and 
euhedral dentate microcristals. This mineral occurs as pale yellow 
fine-grained soft aggregates in Skaindani-do Cave. At 
Mizonokuchi-do Cave, gypsum occurs as white to grayish white, 
flost-like coatings. Gypsum occurs in Katano-do Cave as a very 
thin, dark gray crystalline coatings and very small tabular 
crystals . 

Many descriptions have been put forward to explain the 
genesis of sulfate speleominerals (POHL et al., 1965; GEORGE, 
1974 and White,(1976) . In Kometsuka-no-ana Cave, the gypsum 
speleothems may be formed by the reaction to plagioclase in 
basaltic wall rock to yield calcium cations with the sulfuric acid 
may be formed the sulfurous gases spouted from active volcano. 
On the other hand , OBA et al. (1984) reported the presence of 
very small (less than 5 microns), long prismatic gypsum crystals 
adhered to the surface of the volcanic ashes erupted out from 
Sakurajima volcano, Kagoshima Prefecture, South Kyushu. The 
origin of gypsum crystals , it is reasonable to consider that sulfate 
anions, calcium cation and water those which were accompanied 
as volcanic gases just after the eruption . It might be stated that 
the pyrocalstic flow Shirasu formation contains primary gypsum 
crystals , there fore there is a large possibility that the source for 
gypsum speleothem in the erosional Shirasu cave is the 
reproduction condition contained in the wall rocks. 

Taranakite H6K3Als(PO4)8 18Hz0 Taranakite was identified from 
Sakaidani-do Cave and Katano-do Cave. It is the characteristic 
mineral found in bat guano and occurs as wet, white to yellow, 
fine-grained aggregates. 

The Shirasu composed mostly of silica and has the dominance 
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Contribution to the speleology of Easter Island 

Dr. D. Balazs 

RESUM 
Easter Island (Rapa Nui) es d 'origen fntegrament volcanic, constitun per tres vo/cans de forma triangular. La major part de /es 

roques son laves basaltiques de tipus hawaia. 
Segons el seu origen es distingeixen dos tipus de coves: coves marines i tubs de lava. Les coves marines mes conegudes 

son /es de Ana Kai Tangata (Canibal Caves) i Ana Toka Rahi Rahi, prop d'Hanga Roa, /es quals constitueixen /'unic enclavament 
d 'Easter Island. La major part de/s tubs de lava es troben situats en els corrents mes recents de/ crater de Hiva Hiva, a 5 Km. al 
NE de Hanga Roa. El tune/ mes accessible es el d'Ana Te Pahn, amb 5 1qameos11 (longitud de 500 m. , seccions transversals de 
8 x 5 m. de promig). La major part dels tubs de lava estan nomes oberts parcialment o be son totalment desconeguts. A/guns 
tunels de lava s 'obren al mar. 

S6n mes d'una cinquantena /es coves que es coneixen a Easter Island, pero son molt poques /es que han estat topografiades 
i estudiades detingudament. 

RESUMEN 

Easter Island (Rapa Nui) es de origen totalmente vo/canico, constituido por tres volcanes de forma triangular. La mayor parte 
de las rocas son lavas basa/ticas de tipo hawaiano. 

Hay dos tipos de cuevas segun su origen; cuevas marinas y tubos de lava. Los ejemplos mejor conocidos de cuevas marinas 
son: Ana Kai Tangata (Canibal Caves) y Ana Toka Rahi Rahi, cerca de Hanga Roa, y constituyen el unico enclave de Easter Island. 
La mayor/a de /os tubos de lava estan situados en las corrientes recientes de lavas de/ crater de Hiva Hiva, 5 Km. al NE de Hanga 
Roa. El tune/ mas accesible es el de Ana Te Pahn, con 5 jameos (longitud de 500 m., secciones transversa/es de un promedio de 
8 x 5 m.). La mayor/a de /os tubos de lava estan solamente parcialmente abiertos o incluso totalmente desconocidos. Algunos 
tune/es de lava estan abiertos al mar. 

Hay mas de cincuenta cuevas conocidas en Easter Island, pero so/amente a/gunas de el/as han sido topografiadas y estudiadas 
cuidadosamente. 

SUMMARY 

Easter Island (Rapa Nui) is entirely volcanic in origin, built up by three volcanoes in a triangular shape. The most abundant 
rocks are the Hawaiian type basalt lava flows. 

According to their origin, there are two types of caves: sea caves and lava tubes. The best known examples of sea caves are: 
Ana Kai Tangata ( Cannibal Caves) and Ana Toka Rahi Rahi, near Hanga Roa, the only settlemen't of Easter Island. Most of the lava 
tubes are situated in the young lava flows of Hiva Hiva crater, 5 km NE from Hanga Roa. The most accessible tunnel is Ana The 
Pahu, with five collapsed entrances (length 500 m, average cross-section 8 x 5 m). Most of the lava tubes are only partially opened 
or even totally unknown. Some lava tunnels are open to the sea. 

There are more tan fifty known caves in Easter Island, but only few of them are carfully mapped and studied. 

Easter Island (Isla de Pascua, Rapa Nui) is situated in the 
South East Pacific about 3800 km W from the Chilean coast and 
some 4000 km E of Tahiti (lat. 27° 6' S, long . 109° 26' W). It is 
one of the most isolated islands rising on the middle of East 
Pacific Rise. The W-E length of the island is 24 km , its width 
varies between 4-12 km and it has an area of 165 sq. km. The 
island is entirely volcanic in origin, with lava flows and scoria 
cones, its maximum height reaches 511 m above the sea level. 
The climate is sub-tropical , the mean annual temperature is about 
21 ° C, the yearly average raim about 1150 mm. The island is 
covered with short native grass and low shrub, only a small part 
of the land is cultivated and artifially forested . The population 
was 2300 in 1985, of which there were about 1600 natives (rapa 
nui) . Hanga Roa is the only settlement of Easter Island. 

Easter Island became known in the World on account of its 
great stone statues. Many archaeological investigations were 
carried out , of which the Norwegian Expedition of 1955-56, led 
by T. Heyerdahl (1961 ), has reached the best publicity. He studied 
also the caves of the island from archaeological point of view. 
Geological investigations were made by L.J . Chubb (1933), A. 
Lacroix (1936) and M.C. Bandy (1937) , but the most complete 
investigation was carried out by P.E. Baker and his companions 
(1967 , 1974). 

According to my knowledge, the Easter Island's caves were 
first studied by B. Geze 1975 from speleological point of view, 
later by a French team : P. earlier , A. Gautier and others 1978. I 
made some observations in March 1985 during my one month visit. 
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Geological fundamentals 

Easter Islands is built up by three volcanoes (Fig. 1 ). The 
oldest one is the Poike at the E corner of the island (370 m). 
According to a determination made by D.C. Rex, it has a K/Ar 
age of 3 m. y. (Baker et al. , 1974). The Rano Kau volcano in the 
SW edge of the island has a caldera with a craterlake of 1,5 km 
wide. About three third of the island is occupied by the Terevaka 
volcano (511 m), which is the youngest among them. The first 
two are typical strato volcanoes, the Terevaka is a fissure volcano 
with complicated structure (about 70 parasitic pyroclastic cones 
along the fissures). 

The greatest part of the surface is covered by basalt lava 
flows of different ages and compositions . The most abundant 
rock type is the Hawaiite (Baker et al. , 1974). There are some 
trachytes and rhyolites , but no sedimentary rocks , except some 
coral sand in the- Anakena Bay. 

Most of the caves of Easter Island are developed in basalt 
lava flows . There are two genetic types: syngenetic caves, which 
are contemporaneous with solidification of lava flow (lava tubes 
or lava tunnels , gas bubble holes), and postgenetic caves (sea 
caves). 

The caves of Roiho 

The lava caves, especially the tubes or tunnels are short-lived , 
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Fig. 1. Map of the Easter Island showing the most important caves 

transitory formations , even their recognition is possible by falling 
in of the roof. Most of the collapsed lava tubes are found on the 
Roiho lava-field, 5 km NE of Hanga Roa, lying on the SW foot of 
Terevaka volcano. This is the latest eruption on Easter Island, 
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Fig. 2. The Roiho (Hiva-hiva) lava-field with the main lava tubes 
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may be not older than 3000-4000 years (Fig. 2). The eruption 
center is the Maunga Hiva-hiva (Maunga = hill), a small parasitic 
crater 155 m above the sea level /but only 30-40 m above the 
neighbouring lava-fields. The lava flows moved to N, NW and W 
direction toward the sea, and occupied an area of about 11 sq. 
km. The angle of gradient is 2-4°. The lava field abruptly breaks 
down to the sea by a vertical cliff of 15-25 m. 

The latest lava cover has a thickness of about 10-20 m. 
According to Baker (1974), the Roiho basalt is an olivine tholeiite 
with distinctly more alkaline affinities. It seems this composition 
is very suitable for developing empty tubes. Most of the collapsed 
lava tunnels are concentrated in a radius of 1 ,5 km from the 
eruption center. Here the overlying layer of tunnels are only 1-4 
m thick, so the roof can fall in easily or even totally destroy. 

During my field trips, I could recognize four separated lava 
tunnels with 20 entrances. The best known of them is the Ana 
Te Pahu (Ana= cave, Fig. 3.), with 5 entrances and 2 more 
collapses. The total length of this cave is 540 m with side 
branches, the sections vary between 6 x 2 and 14 x 5 m. The 
other 3 tunnels are passable in parts only. Additional tunnels may 
be supposed on the basis of surface morphology, but the 
entrances are totally destroyed or they have not still opened up. 

There are known lava tubes along the coast too. Some of 
them open to the sea in the cliffs 15-20 m above the ocean level. 
The legendary Ana Kakena has 2 «windows» to the sea (Fig. 4) . 

The internal forms, formations and fillings of the Easter Island's 
lava tubes are similar to those in other part of the world. Among 
the syngenetic autochthonous formations ropy floors, lava 
galleries, lava ribs, lava stalactites and stalagmites etc. can be 
found. The most abundant allochthonous filling is the alluvial clay 
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washed in the holes. Some of the lava tubes contain periodic or 
constant water (lake), that was important source for ancient 
inhabitants. No surface streams exist on Easter Island. 

Lava sea caves 

Another type of Easter Island's caves are the sea caves 
developed along the seacoast in the cliffs. These are postgenetic 
caves eroded by waves and boulders between high and low tide 
levels. 

The best known sea caves are situated about one km SW of 
Hanga Roa. Here four caves developed in the inside end of the 
narrow rocky bays (Fig. 5.). The tongue-shape holes penetrate 
the massive lava rocks up to 15-25 m, with a section 10 x 8 m 
in the entrance. The smallest one is a dry cave called Ana Kai 
Tangata «Cannibal Cave», easy to walk in, but the others are 
active sea caves, and it is difficult and dangerous to enter them 
during high waves. The most impressive cave is the Ana Toka 
Rahi Rahi. Some of these sea caves are preformed by old lava 
tubes open to the sea level. 

Conclusion 

s-s• 

About fifty caves are known in Easter Island, but many hidden, Fig. 4. Map of the Ana Kakena 
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undiscovered holes still exist. Their systematic investigation would 
be very desirable because many caves could contain valuable 
archaeological finds . 
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The formation of lava cave 

Takanori Ogawa 
Japan Volcanospeleologica/ Society 

RESUM 
En primer 1/oc, els gasos de/ corrent de Java finalitzen Jes unitats de/ sol de la cavitat i la «crust11. 
La «crust11 s 'enfonsa i el gas construeix Jes escorces, una a una. L 'escorr;a s 'endureix i, mes tard, la lava de/ sol circula cap a 

un nive/1 inferior. 
1) Quan la Java es encara fluida defineix Jes lfnies de nive/1 en ambdues parets. 
2) Quan la lava acaba dipositant-se en el s6/ produeix els «shelves (bench)11. 

3) Quan el pis s 'endureix i es mou, el pis de Java endurida es trenca en blocs i raspa Jes parets. 
El desplar;;ament cap ava/1 de/ pis erosiona la part que es troba entre Jes «units caves11. Les «unit caves11 conecten entre sf i 

formen la 1/arga cavitat de tub. · · 
Les teories de Jes trinxeres no poden ap/icar-se a Jes cavitats de/ Jap6 i de Corea. 

RESUMEN 
Primeramente el gas en la corriente de Java finaliza las unidades de/ suelo de la cavidad y la crust 
La crust se hunde y el gas construye las cortezas una a una. 
La corteza se hace mas dura y despues la lava de/ suelo circula hacia un nivel inferior. 
1) Cuando la lava es fluida marca las lfneas de nivel en ambas paredes. 
2) Cuando la Java permanece en el sue/o produce /os shelves (bench) 
3) Cuando el piso se endurece y se mueve, el piso de Java endurecida se rompe en b/oques y raspa las dos paredes. 
El movimiento hacia abajo de/ piso erosiona la parte que se encuentra entre las unit caves y las unit caves conectan con otras 

unit caves y forman la cavidad de tubo de lava largo. 
Las teorfas de las trincheras no se corresponden con las cavidades en Jap6n y Corea. 

SUMMARY 
In the first time, the gas in Java flow form the flat unit caves and the crust. 
The crust fall off down and the gas makes the crusts one by one. 
The crust become hard, and then, the lava of floor travels and level down. 
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1) When the lava is soft, it makes the level lines on the both side walls. 
2) When the lava floor is stayig, it makes the shelves (bench) or lava bridge. 
3) When the floor hardens and the floor is moving, the harden lava floor breaks to the blocks and scrapes the both side walls. 
The move down of the floor, it is erode the between part of the unit caves and the unit caves connect with the other unit caves 

and make the long lava tuve cave. 
We can 't confirm the tseuch theoris to the caves in Japan and Korea. 

Introduction 

We can't find the clear levee and ch~.9.nel in lava flow field , 
when the fissur eruption on Miyake Island ·(south of Tokyo in the 
Pacific) in Oct. 1983, Mt. Fuji (Japan) and Cheju Island (Korea) 
are same. 

It has been said that Mauna Ulu cave group «C» (1974 lava 
flow) in Hawaii was formed by conduit drainage. 

But in this cave, a flat cavity which at the timne of the eruption , 
couldn 't be observed from the surface of the earth and on whose 
floor neither the flow nor the subsidence of lava could be detected, 
is connected with main cave part. We can 't explain the existance 
of this flat cavity by the theory of open channel. 

Mauna Ulu caves are the surface cave, so, I think that the 
formation of lava cave is different from the many other large caves. 

We regarded these lava caves in Pahoehoe lava flow with 
characteristic feature and beleive the important role in the 
emplacement of the flow. 

But, we can find 104 lava caves in Aa lava flow at Mt. Fuji in 
Japan. Every one must pay attention to the lava caves in Aa lava 
flow. 

I intend to express that can be seen in the interior of caves, 
mainly in Japan and Korea. 

Subject 

The viscosity of magma and silicate melt, under the constant 
pressure, the rise of temperature and the increase of H2O, Na2O 
and K2O remarkably decrease the viscosity, and TiO2 and FeO 
have a great influence on the decrease of viscosity, (fig. 1) 
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Fig. 1. The viscositi transition by the temperature of obsidian melt and mo/ Hf] 
(Shaw, 1965) 
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For example, when the temperature of lava is higher than that 

of liquidus, if the temperature rises 100°C, the viscosity decrease 
to 1/2 or 1/3 of it. 

Further laboratory studies have indicated that in liquidus 
temperature under 20K bar, a melt of tholeitic lava (Kilauea) at 
1350°C would have a Newtonian viscosity of about 20 poise and 
the andesite lava (Crater Lake) is 900 poise at the same 
temperature. 

Generally, though silicate melt has the quality of Newtonian 
fluid, if the temperature is under the liquidus' one, the amount 
of crystal increase and it become Bingham fluid. (fig. 2) 
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Fig. 2. Viscosity of Soleait lava in Hawaii, under 1 poise (1 poise - 10- 1 pas.) 
(Shaw, 1969) 

Magma will gradually increase the amount of volatile substance 
when various kinds of crystals are crystallized. And once the 
pressure of volatile substance in magma becomes equal to the 
outer pressure, it come to the second boiling point. Besides, 
when magma taking in the surrounding rocks, carrries on the 
composite effect, the volatile substance will get much stronger. 

In the condition of Newtonian fluid , vesicle grows in the fluid , 
and gathers at the upper layer and its bubble magnifies into unit 
cave. 

In case of Bingham fluid , vesicle doesn't grow. But in case 
of lava flow, vaporized volatile substance including mainly H2O 
in magma grows vesicle in succession just like the froth of beer, 
because of the decrease of pressure. These vesicles gather to 
the outer layer to grow into big and flat unit caves. The lower 
lava moves more than the upper cavity. By this movement of 
lava flow, the floor of unit cave sinks and leaves lava shelves 
and traces of erosion to both side walls. (fig. 3) 

Unit cave floor stands still and gets cold and hard. However, 
the lava flow of the lower floor starts to move again, the hardened 
floor, if the stysying time is long, leaves lava bridge, or broken 
into big blocks, would be carried like a belt conveyer and gouge 
the both side walls. In this way, it makes conduit between two 



Fig. 3. The lava shelves and traces of erosion to both side waifs. Man Jang Gui 
cave (Cheju Island) 

cavities , as one cavity joins with another, gas moves from one 
cavity to another. (fig. 4) 

We can explain the movement of gas as follows: 
1) When the floor is soft lava, it makes the grape type lava 

stalactites by the pressure of gas which dispersed small pieces 
of lava into a state of spray, and these particles stuck together 
one after another in a cluster of stalactites like the grapes. 

When the inside of cave is soft and the dropping lava making 
the stalactites: 

2) Stalactite which was bent by the movement of gas. 
3) Stalactite on the ceiling that shows many straight parallel 

lines. (fig . 5) 
4) When the floor moved down and the lava shelves are soft, 

the gas movement make the speleothemes like ripple wave marks 
on lava shelves . (fig . 6) 

Fig 5 The stra1gh parallel Imes at the roof. Handul Kut lava cave (CheJu Island. 
Korea) 
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Fig. 4. - b) The state befor the cavities connect with the other. 

5) When the gas pressure goes up in the cave, it makes the 
large dome, and the gas blows up the lava flow, and there are 
the blow holes (secondary fumarole) that the lava built, the hill 
like the cinder cone. (fig. 7) 

Suppose lava cave could be made by the lava drains out and 
the channel built up linings and roofing on the walls, how we can 
explain the following caves. 

a) As in Button Spring cave (Oregon, U. S. A.), the surface 
of the earth slants of the cave. (fig. 8) 

b) Scorpion cave (California, U. S. A) . We can see the cavities , 
pits and 5th level of conduits. (fig . 9) 

c) In Bilemot Kul cave (Creju Island, Korea) and Gruts dos 
Salcoes (Terceira Island, Espana), a round spiral tube. 

d) Tube in tube. 
The inside of cave touched with gas, formed the crust and 

.,_ 

Fig. 6. The gas movement make the npple wave marks on the lava shelves 
Man Jang Gui cave (Cheju Island) 



" 
,.. 

Fig. 7. The blow ho/I of MOTOSU lava cave No. 1 (494. 3m) at Mt. Fuji 

lavacicles. Lavacicle like the pipe when the drops of lava are 
dropping from the between of layerd lava and crack. It can't be 
formed unless its surface quickly becomes hard and its center 
part lava dropped out. 

The crust around the lava tree mold, it is formed unless its 
crust quickly become hard contact cooling touched with the tree. 
(fig. 10) 
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Fig. 9. Scorpion cave (Survey: Oregon Grotto, U. S. A.) 
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I 1<J JU the crus t around rhe lava free mold We can sec /he columnar I01n1 
(Hawa11 1974 lava flow) 
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Fig. 8. Button Springs cave (Survey: Larson, C & J and Nieland, L) 

When the root isn't scorched, the tree becomes dense again. 
(fig. 11) 

In the case of the compound lava tree mold include the tree 
fall into decay, the moisture included the compound tree and the 
ground vaporize by burnig the tree. The vaporized volatile 
substance make the cavity and the high temperature melt again 
the lava inside of the cavity. And then, the melt lava make the 
horizontal floor of cavity above the decay lava tree mold lie down. 

By these phenomena it proves that the crust quickly become 
hard contact cooling with touch the gas. 

We can see the columnar joint and the platy joint in the crust. 
(fig. 12) 
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hg I I The lava /rec n10Iu \\lllch rtic root ,sn / scorctied becomes dense aga,n 
( 1974 lava flow, Hawaii) 



Fig 12. - a) The compound lava tree mold , tl1e uper part of honzon laf floor 1s 
the cavity that make the melt again lava, above the decay lava tree mold lie down. 
(Kenmarubi lava flow, Mt. Fuji) 
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Fig. 12- b) The compound lava tree mold at Mt. Fuji 
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Geomorfologia de la Cueva del Hoyo (El Hierro, Islas Canarias) 

J. Sergio Socorro Hernandez 
Museo de Ciencias Natura/es de Sta. Cruz de Tenerife 

RESUM 

La «cueva de/ HoyOJJ presenta una estructura que la fa diferent a la resta de tubs formats en els corrents de lava. Les ruptures 
de sostres i parets, aixf com l 'entrada de la cova, presenten masses de «spattenJ juntes, /es quals avalen el fet de que el corrent 
de lava va discorrer per aquests materials que ja existien, a causa de /'erosio mecanica i tecnica. 

El tub es forma en un terreny de pendent fort, de ta/ manera que el corrent hagues pogut facilment arrossegar grans blocs 
provinents d 'un o mes cons so/dats, els qua/s, flotant sobre el material fos, formarien part de /'escor9a que va originar el sostre. 
La superffcie in terna de la cavitat sofrf una intensa fusio superficial que, afectant principalment material devastador com son Jes 
«spatterSJJ, comporta la formacio d 'esta/agtites especia/s de lava que varen recobrir profusament la cavitat. 

RESUMEN 

«La cueva de/ HoyOJJ tiene una estructura que la hace diferente de/ resto de tubos formados en las corrientes de lava. Las 
rupturas de techos y paredes, asf como la entrada de la cueva, presentan masas de «spattenJ unidas, /as cua/es dejan bien c/aro 
que la corriente de lava fue colocada en estos materiales preexistentes por motivos de la erosion mecanica y tecnica. 

El tubo fue formado en un terreno de pendiente escarpada, de modo que la corriente hubiera podido arrastrar grandes bloques 
procedentes de uno o mas conos so/dados, /os cuales flotando en el material fundido formarfan parte de la corteza que origino el 
/echo. La superficie interna de la cavidad fue 1/evada a una intensa fusion superficial que, afectando principalmente material devastador 
como son /os «spatterSJJ, se formaron estalagtitas especia/es de lava que tapizaron densamente la cavidad. 
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SUMMARY 

«La Cueva def Hoyo» has a structure that makes it different from the usual tubes grown in the lava defiles. The breaks of ceiling 
and walls, as well as the entrance to the cave, presents spatter masses which make clear that lava flow was placed in this material 
because of the mechanic and thermic erosion and probably by simultaneus construction. 

The tube was formed on a steep-slope land, so that the flow should have drawn great blocks proceeding from one or more 
spatter-cones, which floating on the melting would take part of the crust that created the ceiling. The inner surface of the cavity 
was taken to an intense over-melting that, affecting mainly such a blistering material as spatters are, special lava stalactites (vesicular 
stalactites) were formed covering the cave with great density. 

lntroducci6n 

La Cueva del Hoyo, situada en las cercanfas de Frontera (Fig. 
1 ), es una cavidad irregular que tiene su entrada a unos 8 m de 
altura, en la pared de una depresi6n conocida como El Hoyo. En 
su accidentada vfa de acceso se observa un hecho notable y 
sorprendente. Se llega a la entrada desde un lado, y en todo el 
recorrido se encuentran masas de escoria encajadas unas con 
otras, pero no soldadas totalmente (spatter), lo que hace inseguro 

~oora 

!SUS \:,\NAIIAS c!J 
J) 

o'---....iP• 
Equld. c. n.: 200 • 

Fig. 1. Situaci6n de la Cueva de/ Hoyo. 
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el apoyo sobre este material. Esta estructura se vuelve a observar 
en los frecuentes desprendimientos de la b6veda y paredes inte
riores. 

La primera referencia que existe, es la debida a Lucas Fernan
dez Navarro, destinandole apenas unas lfneas en su trabajo de 
1908, «Observaciones geol6gicas en la isla de El Hierro». Le 
llamaron la atenci6n sus estalactitas, a las que dedica una de 
las pocas fotograffas del trabajo. Las supone. originadas por el 
«estado notable de fluidez» de las lavas que corrieron por el 
interior de la caverna. 

Fue topografiada por miembros del Grupo de lnvestigaciones 
Espeleol6gicas de la Facultad de Biologfa de la Universidad de 
la Laguna (MARTIN et a/, 1985) y adelantamos un posible mecanis
mo de formaci6n, pendiente de nuevas observaciones (SOCO
RRO, 1985), que ahora desechamos como mecanismo fundamen
tal. 

Descripci6n de El Hoyo y corte de la entrada 

El Hoyo es el nombre que dan los habitantes de la zona, al 
vado donde tiene su entrada la cueva. Puede tratarse de la 
cabecera de un pequeno barranco cuyo cauce fuera rellenado 
por erupciones cercanas. Constituye una depresi6n de unos 60 
m de anchura con forma de herradura, de paredes verticales en 
las que se hallan delgadas coladas basalticas; la mayorfa tienen 
alrededor de 80 cm de espesor, aunque bajo la boca son mas 
delgadas. A veces, entre ellas no existe la tfpica escoria, sino 
plastas de lava tipo spatter. Ademas, se encuentran incluidos 
bloques voluminosos proceder,tes de spatter-cones. Es decir, se 
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trata de fragmentos de este tipo de edificios volcanicos que 
debieron ser arrastrados por corrientes de lava, para finalmente 
quedar inmersos en ellas. En estas bocas eruptivas los fragmen
tos de lava se van apilando aun blandos, y por tanto se aplastan 
por gravedad; la disposici6n de los spatter en los bloques mencio
nados se observa claramente inclinada, denotando el desplaza
miento sufrido. 

La pared de la depresi6n nos ofrece una secci6n de la cueva 
(Fig. 2) en la que se puede apreciar: la forma del canal inicial; 
el desbordamiento por el lado derecho (segun el dibujo) sobre 
una masa de spatter; y algo de encajamiento en las coladas 
subyacentes. La pared del canal en el lado de acceso no esta 
tan definida y parece formada en diversos episodios de emisi6n 
de lava. Entre cada dos perfodos, los lfmites del canal quedarfan 
emergidos, de forma que la emisi6n de spatter alcanzarfa la pared 
referida; esta verfa incrementado su grosor, para luego volver a 
ser cubierta por el fluido que a su vez dejarfa una nueva capa 
de lava solidificada. 

Rebosamiento ,. 

Techo 
, • . : ·. 

Co lad as basal ticas 

Hasas de spatter 

Fig. 2. Corte observado en la entrada de la Cueva de/ Hoyo. 

Descripci6n de la Cueva del Hoyo 

La cavidad presenta un recorrido, aproximadamente rectilfneo, 
de unos 247 m, que desde su boca se dirige, siempre subiendo, 
hacia el Sy SE. Sus secciones son muy irregulares, encontrandose 
alturas variables (desde 1 a 8 m) y una anchura que oscila entre 
2 y 7 m. Se desarrolla bajo un terreno con una pendiente aproxima
da de 30°, presentando en su interior pendientes aun mayores. 

La estructura descrita para la pared de El Hoyo se repite, en 
parte, dentro de la cueva, donde los desprendimientos nos ponen 
al descubierto los materiales presentes. No obstante, el grosor 
de las coladas visibles no sobrepasa los 30 cm , yes mas frecuente 
la observaci6n de masas ca6ticas de escoria o de spatter tanto 
en las paredes como en el !echo, aunque 16gicamente los des
prendimientos se veran facilitados en este material desmenuza
do. 



Diversos segmentos de la boveda estan completamente tapi
zados de unas estalactitas de lava especiales que cuelgan en 
apretada densidad y que hemos denominado estalactitas vesicu
lares (DIAZ & SOCOORRO, 1985). En ninguna otra cueva hemos 
hallado estalactitas como estas, siendo su concentracion tan alta 
que apenas dejan espacio entre ellas. Solo en algunos hornitos 
de Timanfaya hemos visto estalactitas similares. Tienen forma de 
groseros conos invertidois de 5-10 cm de longitud y 4 cm de 
diametro basal. Los extremos son romos y la superficie es lisa 
pero irregular, pues estan constituidas por la coalescencia de 
distintas masas limitadas por una delgada pelfcula de lava y muy 
esponjosas en su interior. Los cortes del techo permiten ver el 
paso gradual de los spatter a las estalactitas, estando separadas 
ambas estructuras por una capa de vesfcula de menos de 1 cm 
de grosor (Fig. 3) . Esta secuencia nos prueba que las estalactitas 
se originaron por refusion de los spatter, tal como se explicara 
en el siguiente apartado. 

Sobre las estalactitas y espacios intermedios, hay adheridas 
multitud de gotas producto de salpicaduras; sus tamanos son 
muy variados, habiendo gotas tan diminutas como una decima 
de milfmetro. Estas variadas dimensiones junto con algunas for
mas apr~ciadas, muestran que se trata de salpicaduras. 

Mecanismos de formaci6n 

Segun el mecanismo que proponfamos en 1985, la cueva se 
formo merced al edificio construido por las escorias emitidas 
desde una grieta eruptiva de poca intensidad que coincidio con 
la pendiente del terreno. En la actualidad , despues de nuevas 
observaciones que nos permitieron contrastar la teorfa, no pensa
mos que la cueva se haya originado fundamentalmente de esa 
forma. Evidentemente, dada la abundancia de spatter, es proba
ble que el tubo se originara a partir de una erupcion con caracterfs
ticas similares, de la que procederfan los materiales observados 
en techos y paredes, aunque tambien puede pensarse que estos 
materiales preexistieran con bastante anterioridad, encajandose 
la nueva corriente en dicho sustrato por erosion mecanica y termi
ca. 

La formacion de este tubo volcanico pudo transcurrir por el 
modo clasico de los asociados a canal de lava (OLLIER, 1983 y 
PETERSON & SWANSON, 1974), con algo de encajamiento (Fig. 

Estalactitas de 
11 generaci6n 

Estalactitas de 
21 generaci6n 

Fig. 3. Corte esquematico def paso de los spatter a las estalactitas vesiculares. 

2) y varias peculiaridades como son: la gran pendiente; la emision 
de spatter desde las cercanas bocas eruptivas en conjuncion a 
fluctuaciones del nivel de lava en el canal, que originarfan estructu
ras como las descritas al tratar el corte de la entrada (Fig. 2) ; y 
por ultimo, que bloques flotantes de los spatter-cones o proceden
tes directamente de las bocas eruptivas, pudieron pasar a consti
tuir parte del techo. 

La probable cercanfa de la fuente de lava, provocarfa que la 
superficie interna del tubo fuera sometida a una intensa radiacion 
calorffica, de manera que se refundirfa periodicamente. Tambien 
no pudo contribuir al proceso de refusion la combustion de gases 
magmaticos. La vesicularidad de los spatter condiciona su com
portamiento ante la refusion , causando las estalactitas descritas. 
Los spatter conservan su individualidad al caer, amoldandose a 
los acumulados previamente sin llegar a fusionarse, de forma que 
es posible encontrar estructuras como la representada en la fig . 
3, en la que se distingue la transicion entre dos fragmentos de 
escoria y las estalactitas, separando ambas estructuras un estrato 
vesicular producto de la liberacion de los gases al refundir la 
escoria. Estos gases liberados ascienden hasta alcanzar la parte 
del spatter que permanece solida, acumulandose en la interfase 
lfquido-solido. En algunas muestras se observa com este mecanis
mo se vuelve a repetir produciendo estalactitas de segunda gene
racion . 

El material refundido caerfa en masas esponjosas al interior 
de la gruta o se unirfa a puntos cercanos, a la vez que se 
anadirfan las salpicaduras producto de la gran pendiente. 
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Travertine Formation in the Plitvice National Park 

Stephan Kempe and Kay-Christian Emeis 

RESUM 
El Pare Nacional de Plitvice preserva un dels mes grans i bells emplar;aments de travertins d 'Europa. En un antic «cafi6>> 

- possiblement una formaci6 d 'enfonsament- se succeixen una serie de /lacs originats per rescloses travertfniques que continuen crei
xent. 

Durant els mesos d 'abril i d 'octubre de 1983, es varen recollir mostres d'aigua, de sediments i de travertins de/s /lacs i dels 
seus tributaris . El ca/cul de pCO2 i de /'index de saturaci6 de ca/cita indiquen que el CO2 s 'allibera rapidament en /es surgencies 
carstiques tributaries i que la calcita es precipita mes tard, mentre /'aigua circula pels /lacs. El model de ca/cul emprat suggereix 
perdues de 10.000 t CaCO3 per any de sediments (seekreide) i de dies de travertins. La investigaci6 micromorfo/ogica SEM de 
molses suggereix que els mucopo/isacarids produi'ts per /es diatomees tenen un paper essencial per a /'inici de la precipitaci6 de ca/cita. 

Ambd6s procesos, /'inorganic (alliberament de CO2, que produeix una sobresaturaci6 de ca/cita) i /'organic, semblen esser els 
responsables, a gran esca/a, de la formaci6 de/ travertf 

RESUMEN 
El Parque Nacional de Plitvice atesora uno de /os mas amplios y bel/os emplazamientos de travertinos de Europa. En un cation 

antiguo -posiblemente una formaci6n de hundimientos- existen una serie de lagos originados por diques de travertinos que continuan 
creciendo. En Abril y Octubre de 1983, se recolectaron muestras de agua, de sedimentos y travertinos de los lagos y sus tributarios. 
El calculo de PCO2 e fndice de saturaci6n de calcita indican que el CO2 se libera rapidamente bajo las surgencias karsticas tributarias 
y que la calcita se precipita mas tarde, mientras el agua circula a traves de Jos Jagos. El modelo de calculo sugiere perdidas de 
10.000 t CaCO3 por afio en sedimentos (seekreide) y en diques de travertino. La investigaci6n micromorfo/6gica SEM de musgos, 
sugiere que los mucopolisacaridos producidos por las diatomeas tienen un papel esencia/ para la iniciaci6n de la precipitaci6n de 
calcita. Ambos procesos, el inorganico (Jiberaci6n de CO2 que produce una a/ta supersaturaci6n de ca/cita) y el organico, parecen 
ser responsables a gran esca/a de la formaci6n de/ travertino. 

SUMMARY 
Plitvice National Park treasures one of the largest and most beautiful travertine sites of Europe. In an older canyon -possible 

a collapse feature- a series of lakes is ponded behind actively growing tufa dams. In April and October 1983 water, sediment and 
tufa samples were collected from the lakes and their tributaries. Calculation of PCO2 and saturation index of calcite shows that CO2 
is released rapidly below tributary karst springs and that calcite is precipitated much later, while the water passes through the lakes. 
Model calculations suggest loss of 10,000 t CaCO3 per year to sediments (seekreide) and to tufa dams. Micromorphologica/ SEM 
investigation of moss suggests that diatom-produced mucopolysaccharides play an essential role for initiation of calcite precipitation. 
Both inorganic processes (degassing of CO2 which causes high calcite supersaturation) and organic processes seem to be responsible 
for large scale formation of travertine. 

1 _ Introduction 

In April and October 1983 a joint Yugoslavian and German 
group studied the karst area of Plitvice 
(Dinarids/Croatia/ Yugoslavia) . Results of the hydrochemical and 
electron-microscopic investigacions are given here (for details see 
Kempe & Emeis, 1985). 

Plitvice National Park is famous for its travertine dams, its 
deep, clear lakes, and its numerous waterfalls (Fig. 1) (Movcan, 
1982; Pepeonik, 1977). The narrow lakes occupy a canyon 
- possibly a collapsed former cave- cut into Triassic, Jurassic, 
and Cretaceous dolomite and limestone (Polsak , 1979). A wealth 
of scientific papers exits describing specific aspects of the Park 
(quoted in Kempe & Emeis, 1985). Travertine growth occurs today 
as is evident from the lake levels which rise with about 1 cm/year 
covering old landings . In the geologic past even travertine dams 
were drowned by faster growing downstream successors (Lake 
Kozjak) . The growth of barrier tops, however, does not inform on 
the overall deposition rate of CaCo3. lvekovic (1958) estimated 
deposition to 600-1500 t CaC03/yr. Lakes and dams occupy about 
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2 km2
. Thus a layer 1.2 to 3 m thick is formed in 10,000 yr. With 

such a rate the barriers could not have formed during the present 
Interglacial but must be considerably older . 

2_ Materials and Methods 

At 24 stations, including lake profiles , water was collected in 
April and October 1983 (Fig. 1). Temperature, pH and conductivity 
were measured in the field . Alkalin ity, total hardness (t.H.), Ca2+, 

c1-, and 0 2 concentration were titrated by us within 12 h in a 
laboratory of the National Park. Mg2+ was derived by subtracting 
Ca2+ from T.H . PO/- and Si02 were determined photometrically. 
Dissolved organic (DOC) and inorganic carbon (DIC) were fixed 
with HgCl2 and analyzed at Hamburg. Field results were then 
used to calculate the CO2 pressure (PC02) and the calcite and 
dolomite saturation indices (SJ) using a numeric electrolyte model 
as described by Wigley (1972) and published by Kempe (1975). 
All results are given in Kempe & Emeis (1985). 
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Fig. 1. Plan of the Plitvice Lakes and sample stations 1983 (after Pepeonik, 1974). 

3. Downstream Variation of the Hydrochemistry 

Four major tributaries feed the Plitvice lakes: The Crna Rijeka 
and the Bijela Rijeka which combined form the Matica, the Rjecica 
and the Plitvica creeks. The Matica feeds Lake Prosce (38 m 
deep, residence time ca. 30 days). Then the water falls down 
over the dams of the middle lakes and reaches Lake Kozjaz (47 
m deep, residence time about 40 days) which also receives the 
Rjecica. Below Kozjak the lower lakes are traversed and the 
Plitvica joins the mainstem over a 78 m high waterfall down the 
side of the Korana canyon. Finally, the water leaves the Park via 
the Korana forming less and less tufa. 

During its downstream course the water warms according to 
season. Thus temperature serves as a «downstream indicator» 
(Fig. 2). Due to CO2 loss the pH increases considerably at the 
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same time. The correlation matrix of all parameters (Fig. 3) reveals , 
that most parameters vary highly significantly downstream, i.e. 
with temperature. PC02, conductivity, alkalinity, Ca2+, T.H., and 
total dissolved ions decrease downstream but at the same time 
the S.I. 's of calcite and dolomite increase significantly. This S.I. 
increase suggests, that -in spite of ongoing calcite precipitation
the system becomes ever more supersaturated due to further 
removal of CO2 . Mg2+ is not correlated with temperature, it does 
not decrease downstream, suggesting that no Mg carbonates 
precipitate. Also 0 2 and DOC show insignificant relations with 
temperature, suggesting that the lakes do not suffer from excess 
respiration of organic matter (low level of pollution). Other highly 
significant correlations (Fig. 3) follow from the above scheme of 
downstream decrease in PC02 and CaC03 concentration. Si02 
displays only one significant correlation, that with oxygen, 
suggesting that consumption of Si02 produces oxygen , conditions 
caused, for example, by the growth of diatoms. 

In Fig. 4 the increase of temperature (top) and alkalinity 
(bottom) from tributaries to lakes is plotted. The Bijela Rijeka, 
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Fig. 2 Temperature/pH plot of all Plitvice measurements. Samples group according Fig. 3. Correlation matrix for all pararr.eters of all Plitvice samples. 
to hydrographic characteristics. 
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Fig. 4. Downstream variation of temperature, log PC02- calcite saturation index and 
alkalinity for the Plitvice Lakes and most prominent tributaries for April 1983. 

Rjecica and Plitvica deliver water of high, the Crna Rijeka or a 
lower mineralization. The Rjecica «recharges» the system below 
sample 117, as can be seen by an increase in alkalinity in Lake 
Kozjak. The plots in the middle show the alterations of the PCO2 
(plotted in log-form) and the calcite S.I The Crna Rijeka spring 
has a slight calcite undersaturation but a higher PCO2 (6550 
ppmv in April) than the Bijela Rijeka spring (5190 ppmv in April) . 
Both creeks unite and further loose CO2 -due to rapid turbulent 
flow-proportionally gaining calcite supersaturation (Fig . 5) 
Saturation (and alkalinity) starts to drop only during the lake 
passage (stations 113-117). This clear indication of calcite 
precipitation is obscured in the lower lakes due to the Rjecica 
input. CO2 is measurably lost at waterfalls : between top and base 
( stations 122-123) of the Slap Plitvice (78 m fall) the PCO2 drops 
in April from 580 to 440 = 140 ppmv and in October from 
1120-7 40 = 380 ppmv. The water stays highly supersaturated 
throughout the lake passage and does not return to saturation 
even in the outgoing Korona. However, the PCO2 (470 ppmv in 
April) dropped to almost air value (340 ppmv). It appears, that 
for calcite precipitation to occur the water must be of very high 
calcite supersaturation and must still have the ability to loose 
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Fig. 5. Relation of decreasing PC02 with increasing calcite saturation index for 
rapidly flowing tributaries to Prosce Lake and slow decline of supersaturation in the 
upper lakes of Plitvice. 
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CO2. High supersaturation alone does not suffice for large scale 
tufa formation . 

4. Physical versus Biological Travertine Growth Factors 

The date does not allow to decide if physical or biological 
processes dominate tufa formation. CO2 loss in creeks and down 
waterfalls is physical in nature, thus creating the high calcite 
supersaturation. However, the formation of calcite precipitates 
seems to be intimately associated with the occurrence of plants. 
In the lakes 2µ large euhedral calcite grains (Plate 1) form in the 
warm epilimnion, suggesting the active role of phytoplankton in 
their formation . In the lakes calcite grains form unconsolidated 
«seekreide» type sediments several meters thick. At the dams 
Bryum and Cratoneuron mosses flourish which quickly are covered 
by calcite. Investigation with the scanning electron-microscope 
shown, that the young green leaves are densely covered by 
pennate diatoms and filamentous blue-green algae (Plate 2). They 
are glued together by strands of mucopolysaccharides. Further 
down the leaf calcite grains adhere to the mucopolysaccharides 
(Plate 3). These grains later grow into a solid sparitic layer of 
calcite (Plate 4) . In an experiment plastic, iron, and copper 
sponges were exposed to Plitvice lake water (Srdoc, pers. comm.). 
The plastic and iron material was quickly covered by calcite, not 
so the copper sponge (Plates 5,6). Copper is toxic for epiphytic 
diatoms. Without diatoms, no mucopolysaccharides can form and 
no grains can be attached to the surface. Thus both physical 
and biological action is responsible for the precipitation of tufa. 

5. Mass Balance 

From gagins data (made kindly available by the National Park 
Service) a model of the water balance was derived (Fig. 6) , which 
together with our measurements, allows to calculate a crude 
mass balance (Table 1). Summing up inputs and ouptus for total 
dissolved ions, a CaCO3 loss of 10,500 t occurs per year. 

Table 1 
Model of Total Dissolved Ions Balance 1980-1981 

River 

Matica 
Rjecica 
Plitvica 
Kozjak 
source 

Korana 
sinks in 
stream 
bed 

Sample 
No. 

(111) 
(127) 
(122) 

(119) 

Measurements 
mg/1 

366;369;365 
401 ;423;407 
362;352;-

(estimated) 

315;295;286 

333 g TDljsec = 10 500 I/yr 

Average 
mg/1 

Inputs 

367 
410 
357 

370 

sum of 
input 

Outputs 

299 

299 

Sink 

Discharge 
m3/sec 

2.93 
0.60 
0.96 

0.16 

1722 

3.99 

0.66 

sum of 
output 

Transport 
g/sec 

1074 
246 
343 
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1192 

197 

1389 
333 

This value is ten times higher than lvekovic's (1958) estimate. 
He did not take the «recharge» effect of tributaries into account 
but simply used upstream-downstream concentration differences, 
also he used a much lower average discharge rate (0.6-1.2 m3/sec, 
compared to our 5.3 m3/sec). ON 2 km2 a deposition of 10 000 
t CaCOJyr would yield 20 m of carbonate rock in 10 000 years . 



Plates 1-6: Scanning electron-micrographs of Plitvice sediments, mosses, and 
artificial substrates. Distance between marks on lower bar is indicated in my. 

1: Seekreide particles and cyclic diatom cell from a sediment core (o.2 m subbottom). 
Calcite particles of hypidiomorphic habitus form aggregates and clusters. A - surface 
of sample stub (carbon). 

2: A sprout of bryum moss densely settled by epiphytic, non-motive pennate diatoms 
(order Achnanthes, Gomphonema, Navicula). 

3: Surface of moss /A). Note filaments of mucupolysaccharide excretions 
agglutinating CaC03 particles on surface (B). 
4: Bryum surface (A) and advancing calcite cover in different stages of 
solidification. 
5: Surface of a stainless-steel wire (A) exposed to the water for two weeks displays 
similar incrustations as those on Bryum moss. 
6: Settling of diatoms and bacteria on the surface of a copper wire (A) exposed 
next to the steel wire is inhibited due to the toxidity of Cu to organisms. On the 
surface amorphous CuO, clay minerals, and minor diatoms are visible but no CaC03. 
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Fig. 6. Model of water balance for Plitvice Lakes. 
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Thus, this rate could account for the growth of over 50 m high 
dams and about 8 m of lake deposits (pers. comm. Merkt) within 
the present Interglacial. 
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Trace metal-organic complexes in speleothems 

Julia M. James, M. McDonald and K. E. A. Leggett 

RESUM 

S'han estudiat espelotemes d 'Austra.lia, Papua Nova Guinea, America def Nord i d'America Central per a la detecci6 de vestigis 
de meta/ls complexes organics. S'han e/eborat nous metodes d'extracci6 d 'aquests complexes de la matriu carbonatada. Aquests 
metodes eviten els canvis que podrien experimentar els complexes, com dissociaci6 i polimeritzaci6, durant el seu ai1/ament. Per a 
purificar els complexes s 'utilizaren metodes cromatogra.fics. El treba/1 analftic quantitatiu ha incorporat tecniques que van des de 
J'activaci6 de neutrons fins a la qufmica humida. Els nexes organics i els seus complexes meta.I-lies han estat caracteritzats utilitzant 
una varietat de tecniques espectroscopiques moleculars, a mes d'una ressona.ncia nuclear magnetica de 400 MHz. S'extreuen 
conclusions referents als orfgens dels materials organics i dels meta/ls vestigials. Es parlara. tambe de/s nexes organics i de la seva 
coordinaci6 amb els ions meta.lies, aixf com def paper d 'aquests components en la coloraci6 dels espe/eotemes. 

RESUMEN 

Se han examinado espe/eotemas de Australia, Papua Nueva Guinea, America de/ Norte y Central para trazas de meta/es 
-complejos organicos. Se han e/aborado nuevos metodos de extracci6n de estos comp/ejos de la matriz carbonatada. Estos metodos 
impiden los cambios en /os complejos tales coma disociaci6n y polimerizaci6n durante el aislamiento. Una variedad de metodos 
cromatograficos fue usada para purificar ademas /os comp/ejos. El trabajo analftico cuantitativo ha implicado tecnicas que van desde 
la activaci6n de neutrones hasta la qufmica humeda. Los nexos organicos y sus complejos meta.ficos han sido caracterizados usando 
una variedad de tecnicas espectrosc6picas moleculares, inc/uyendo 400 MHz de resonancia nuclear magnetica. Se presentan 
conclusiones de los orfgenes de /os materiales organicos y de las trazas de meta/es. Se hab/ara de la natura/eza de /os nexos 
organicos y su forma de coordinaci6n con los iones metalicos y el papel que tienen estos componentes en los co/ores de los espeleote
mas. 

SUMMARY 

Spe/eothems from Australia, Papua New Guinea, North and Central America have beenexaminedfortrace metal-organiccomplexes. 
New methods of extraction of these complexes from the carbonate matrix have been devised. These methods prevent changes in 
the complexes such as dissociation and polymerisation during isolation. A variety of chromatographic methods were used to further 
purify the complexes. The quantitative analytical work has involved techniques ranging from neutron activation to wet chemistry. 
The organic ligands and their metal complexes have been characterised using a variety of molecular spectroscopic techniques 
including 400 MHz Nuclear Magnetic 

Resonance. Conclusions will be presented as to the origins of the organic materials and the trace metals. The na"ture of the 
organic ligands and the form of their coordination to the metal ions and the role these compounds play in colouring spe/eothems 
will be discussed. 
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The classification of cave minerals 

Carol A. Hill and Paolo Forti 

RESUM 

En aquest treba/1 se suggereix que l'esquema de classificaci6 de Hill i Forti, ta/ i com esta representat en Cave Minerals of the 
World , sigui utilitzat com a c/assificaci6 estandart per a/s minerals de cavitats de tot el m6n. Els primers intents van c/assificar els 
espe/eotemes en esquemes morfo/ogics e/aborats, sense aportar massa cosa de cara a un mil/or coneixement d'aquests. Aquestes 
c/assificacions tenien una aplicaci6 limitada, ja que se centraven, principalment, en espeleotemes carbonatats i ignoraven altres 
tipus de minerals com /es halites o els fosfatats. Els sistemes de c/assificaci6 basats primariament en el seu origen, tambe van 
fracassar, perque molts espe/eotemes tenen un origen complex, basat en mes d'un mecanisme hidrologic de disposici6. 

La classificaci6 de Hill i Forti combina factors diferents, com poden ser el tipus de crista/1, la morfologia i l 'origen. Tots els 
minerals mes habituals de /es coves, de qualsevol tipus de crista/1, s 'ajusten adequadament a aquest mare i es dona tambe ra6 
dels minerals menys habituals de /es coves, com els que abans hem esmentat. Tambe es proposa, en aquest treba/1, que els noms 
nous d 'espeleotemes s 'adaptin, tant a la morfo/ogia com a /'origen d 'aquests espeleotemes i que /es naves divisions d 'espeleotemes 
siguin aprobades per un conse/1 de minera/6/egs de coves. 

RESUMEN 

En este trabajo se sugiere que el esquema de c/asificaci6n de Hill y Forti, ta/ como esta representado en Cave Minerals of the 
World , sea utilizado como c/asificaci6n standard para /os minera/es de cavidades de todo el mundo. Los primeros intentos c/asificaron 
/os espeleotemas en esquemas morfo/6gicos e/aborados, anadieron poco al conocimiento de estos. Estas c/asificaciones eran de 
aplicaci6n limitada ya que se centraban principalmente en espe/eotemas carbonatados y desconocfan otros tipos de minerales como 
las halitas o /os fosfatados. Los sistemas de clasificaci6n basados primariamente en el origen tambien fracasaron porque muchos 
espeleotemas tienen un origen comp/ejo basado en mas de un mecanismo hidro/6gico de deposici6n. 

La clasificaci6n de Hill y Forti combina /os factores de tipo de cristal, morfologia y origen. Todos los minera/es habitua/es en 
cuevas de cualquier tipo de cristal se ajustan adecuadamente a este marco y da tambien raz6n de los minera/es no habitua/es de 
cuevas, como los de la categoria precedente. Tambien se propone en este trabajo que los nuevos nombres de espe/eotemas se 
adapten tanto a la morfologia como al origen de estos espe/eotemas y que los nuevos tipos de divisiones de espe/eotemas sean 
aprobados por un consejo de minera/6/ogos de cuevas. 

SUMMARY 

In this paper it is suggested that the classification scheme of Hill and Forti as presented in Cave Minerals of the World , be 
used as the standard classification for cave minerals the world over. Early attempts over-c/assifed speleothems in elaborate 
morphological schemes that added little to the understanding of those spe/eothems. These classifications were of limited application 
because they concentrated mainly on carbonate speleothems and ignored other mineral classes such as the halides or phosphates. 
Classification systems based primarily on origin failed also because many spe/eothems have a complex origin based on more than 
one hydrological mechanism of deposition. 

The classification of Hill and Forti combines the factors of crystal class, morphology, and origin. All of the «normal» cave minerals 
from any crystal class fit comfortably into its framework, and «unnorma/11 cave minerals, such as those in the ore-associated category, 
are also accounted for. It is also proposed in this paper that new speleothem names be appropriate to both the morphology and 
origin of that speleothem, and that new speleothem type divisions be approved by a board of cave mineralogists. 

A «cave mineral» is a secondary mineral deposit formed in 
any natural subterranean cavity, fissure, or tube which is mansize 
or larger and which extends past the twilight zone. A «speleothem» 
has also been defined as a «secondary mineral deposit» in caves 
(Moore, 1952), but differs from a «cave mineral» in that it refers 
to the mode of occurrence of a mineral and not to the mineral 
itself . For example, calcite is a cave mineral , but it is not a 
speleothem. A calcite stalactite in a cave is a speleothem, while 
a calcite stalactite in a mine is not. Hill and Forti (1986), in their 
Cave Minerals of the World, identify almost 200 separate, cave 
mineral species, buf only 30 speleothem types. The distinction 
between a «cave mineral» and «speleothem» must be preserved 
in any viable classification scheme. 

The three basic approaches to the classification of cave 
minerals/speleothems are: classification by morphology, origin, or 
chemical class. All three approaches have been taken by cave 
mineralogists in the past , and all three (when used exclusive of 
the others) have inherent problems. 

1. Classification by Morphology. The most frequent method 
of classifying speleothems is by morphology by the shapes one 
sees. Stalactites and stalagmites are both primarily dripping water 
speleothems, but they look different because stalactites form on 
the ceiling while stalagmites form on the floor. Classification based 
exclusively on morphology without regard to origin results in 
elaborate schemes that add little to the understanding of 
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speleothems. For example, Halliday (1962) ended up with more 
morphological classes than there are separate speleothem types. 
DeSaussure (1953) had and «unexplained» category that had more 
types in it that any of his other categories. Oiaconu (1979) 
classified morphologically-similar speleothems togheter in the 
same class (for example, conulites with stalactites), even though 
the origin of these speleothems are completely different. 

Too strict of a classification according to morphology alone 
can also be troublesome because speleothemic forms often mimic 
each other, even when origin differs. For example, an antler 
helictite outwardly resembles a quill anthodite, yet a helictite is 
formed by capillary solutions oozing through a tiny central canal, 
whereas an anthodite forms by solutions moving along its outer 
surface. Also, morphological classifications can get «hung up» on 
what White (1976) calle style; that is, deviant shapes (subtypes) 
based on different flow rates , rates of deposition, crystal 
composition , or other factors . For example, a «soda straw» does 
not look exactly like an ordinary stalactite, having straight, thin
walled sides rather than a upside-down, carrot-like shape, but it 
forms nearly identical to stalactites, and, in fact , all stalactites 
begin their growth as soda straws. Based strictly on morphology, 
soda straws and stalactites should be classified as two separate 
speleothem types, but based on origin , soda straws should be 
classified as a subtype of stalactite. Another example are 
spathites, aragonite, soda-straw stalactites with regularily flaring 



and receding sides. The origin of aragonite spathites and calcite 
soda straws is essentially the same, only the crystal form of 
aragonite shapes the spathite differently so that it exhibits 
undulating, rather than straight, sides . 

2. Classification by Origin. A rigorous classification scheme 
based exclusively on origin is almost purposeless, because the 
genesis of a speleothem often involves many mechanisms. Again 
taking the common stalactite for an example: growth occurs 
primarily by material precipitated from dripping water, but the 
stalactite is also enlarged by material precipitated from water 
flowing down along its sides. According to which mode of origin 
should this speleothem be classified then: by dripping water or 
by flowing water? Also, the origin of some speleothem types is 
not known, and this can be a major problem for classifiers . 

Garns (1968) and Martini (1984) are two cave mineralogists 
who classified speleothems on the basis of their genesis . Garns' 
classifications scheme worked but he only went as far as 
classifying the common stalactite, stalagmite, shield, and helictite 
carbonate speleothems. Martini based his classification scheme 
on whether speleothems were derived from ground water, animal 
excreta, hydrothermal conditions, a reducing environment, and 
the like. This scheme is important because it recognized that a 
diverse variety of environments can influence the growth of cave 
minerals, but it is of little help in understanding the forces that 
cause particular speleothem shapes. Also, in many cases, cave 
minerals can be the result of two or more of these factors ; for 
example, hydroxylapatite is a mineral that is known to be derived 
either from bat guano or from ground water seeping through 
phosphatic limestone rock . 

3. Classification by Chemical Class. Palache et al. (1951 ), 
following Edward S. Dana's original classification system, divided 
minerals into classes based on their anionic constituent (e.g., 
carbonates, sulfates, halides, nitrates, and so forth) . Classification 
based on chemical class in the most expedient way of classifying 
cave minerals, but it is less satisfactory when classifying 
speleothems. For example, a stalactite can be composed of calcite 
or aragonite or both minerals in a single pendant. Stalactites can 
also be composed of gypsum, halite, nitromagnesite, chalcanthite , 
and many other minerals (Hill and Forti mention over 20 different 
minerals that form as stalactites). A classification scheme based 
solely on chemical class has the disadvantage that speleothem 
types must be explained for each mineral species (at least 20 
times in the case of stalactites). 

White (1976) devised a classification scheme based primarily 
on chemical class. He divided cave minerals into four main 
categories: carbonate minerals , evaporite m·inerals, phosphate 
and nitrate minerals, and oxide and other minerals, and then he 
subdivided the carbonate class into flowstone, dripstone, erratics, 
subaqueous deposits, and moonmilk. White 's classification 
system was probably the first one to work well , and it succeeded 
as far as the intended scope of his paper, but White 's subdivisions 
are not extensive enough to account for all of the different types 
of speleothems. 

The classification system of Hill and Forti, as presented in 
Cave Minerals of the World, is a practical one, based on a 
compromise between the three factors of chemical class, 
morphology, and origin. The basic divisions are by chemical class 
(carbonates, sulfates, and so forth); then , subdivisions are based 
on mineral species and/or speleothem types within each chemical 
class . Where the number of mineral species predominates over 
the number of speleothem types, then the chemical class is 
subdivided according to mineral species (e.g., the nitrate caves 

minerals are subdivided into individual minerals such as 
nitromagnesite, nitrocalcite, etc.). Where the number of 
speleothem types predominates over the mineral species in the 
chemical class, then the class is subdivided according to 
speleothem types (e.g., the carbonate minerals are subdivided 
into individual speleothems such as stalactites, stalagmites, etc.). 
Speleothem type divisions are based primarily on morphology, 
but they are highly influenced by whatever is known about origin. 
Speleothem «subtypes» have the same origin as the «type», but 
exhibit a deviant (albeit closely related) morphology. 

The basic differences in the genesis of cave minerals, such 
as depicted by Martini (1984), are also considered in Hill and 
Forti's classification scheme. Those minerals formed under 
ordinary cave circumstances (i.e., those formed from ground water 
in a «normal» limestone environment) are discussed in the main 
text. But, cave minerals formed under unusual conditions (i.e., 
those formed in associations with ore bodies , in caves developed 
in rock not composed of limestone or dolomite, or under 
hydrothermal or fumerole conditions) are discussed in an «Other 
Minerals» section, and are listed without regard to chemical class . 

The classification system of Hill and Forti needs to be 
discussed by cave mineralogists with regard to its philosophical 
base, and it needs to be «time tested» as far as its practicality. 
New speleothem types defined on the basis of this classification 
system should , in the future, be approved by a board of cave 
mineralogists so that the classification of cave minerals will be 
consistent over time. New names for speleothem types and 
subtypes should also be approved by a board of cave 
mineralogists, and should be based on a speleothem's 
morphology and/or origin. For exemple, «helictite» is a satisfactory 
name for a speleothem type because the Greek root «helikos» 
means to «spiral». «Geysermite» is also satisfactory because it 
indicates the way in which the speleothem has formed (i .e., by 
geyser-like action). However, a name like «skullite» (a subtype of 
cave pearl found in Skull Cave, New York) should not be given 
official status because it denotes neither morphology or origin. 

It is proposed that such matters pertaining to the classification 
of speleothems be discussed in this and in future International 
Congresses by an established board of cave mineralogists. 
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Pisolits de baixa densitat 

L/uis Auroux 
Grup Espeolog,c Congres, Barcelona 

RESUM 

Realitzades !es mesures de densitats en 722 pisolits, s 'han observat determinats exemplars aixf com una serie d'agrupacions 
amb uns valors molt baixos, fins i tot molt per sota de la unitat, quant /es densitats mes frequents es troben pets voltans de 2,4. 
S'estudia material provinent de 19 cavitats. De la mateixa manera, es representa el grafic de distribuci6 pes/ densitat i de la proporci6n 
entre /es densitats aparent i real, buscant a/hora uns factors de relaci6. 

RESUMEN 

Realizadas mediciones de densidades en 722 pis6/itos, se han observado una moda/idad de ejemplares incluso agrupaciones, 
con valores muy bajos, tanto es asf, que a/canzan valores mayores a la unidad, cuando las densidades habituates son cercanas a 
2,4. Se estudia material provinente de 19 cavidades. Se presenta el grafico de distribuci6n peso-densidad y el de proporci6n entre 
densidades aparentes y rea/es, en busca de ciertos factores de relaci6n. 

RESUME 

En faisant des mesures de densites en 722 pisolites, on a observe un modele d 'exemplaire, inclusif des groupes complets 
qu 'ont des valeurs tres baisses, en arrivant tres au-dessous de !'unite quand !es densites normalement obtenues sont prochaines 
a 2,4. L 'etude se fait avec piso/ites trouves dans 19 cavites. !Is sont inc/us !es graphiques de la distribution poids-densites et de la 
relation densite apparente et reel/e afin de chercher quelques facteurs de relation. 

Realitzant la mesura de les densitats dels pisolits , es troba 
que alguns exemplars, fins i tot nius complets , poseren uns valors 
molt baixos respecte a les densitats habituals- Perna, 1959. 
-Ullastre, J . Masriera, A.- 1973. Aquestos valors inclus es situen 
per sota de la unitat, pel que hi han exemplars que arriben a 
flotar en el instant de fer la pesada en aigua a la balarn;:a hidrostati
ca. Aquest fet ha motivat el agrupar i estudiar-los com a grup 
independent, tot intentant relacionar llurs caracterfstiques. 

En un treball anterior, - Auroux, LI . 1982- ja es donaven a 
coneixer, per6 ara es presenten resultats mes amplis i especffics 
respecte aquesta varietal de concrecions lliures, al haver trobat 
mes material i permetre certes conclusions. 

La frontera entre els Pisolits de Baixa Densitat -PBD- i els 
de, en podrfem dir, de ccdensitat habitual», es del tot subjectiu , 
doncs no hi ha cap llei ni lfnia divisoria, pel que s'ha estimat 
posar la frontera en el valor de densitat 2,00. Menys de 2,00 sera 
considerat com a PBD. 

En aquest treball sols s'han seleccionat els nius en que tots 
els pisolits son PBD. En alguns casos es troben nius amb algun 
o varis PBD, per6 aquestos nius han sigut exclosos. 

La densitat referida en aquest treball es la Densitat Aparent. 
Hi han dues classes de densitat, l'aparent i la real. La primera 
es compta a partir del volum aparent incloent l'espai ocupat per 
les porositats internes. La densitat real considera el volum que 
tindria la materia, per6 sense les inclusions esponjoses, com si 
s'hagues comprimit. 

El sistema de medici6 utilitzat fou el de la balanc;:a hidrostatica 
i la precisi6 de l'aparell , ±0,01 g. 

Material estudiat: 
Exemplars mesurats, 248, provinents de 21 nius de 19 cavitats. 
Pes total dels pisolits, 2339 g. 
Densitat mitjana per llei de mescles i aleacions, 1,71 
Exemplar de mfnima densitat, 0,63 amb un pes de 4,55 g i 

eixos de 29 x 25 x 22 mm de la Cv. Coventosa, a Cantabria. 
Exemplar de major densitat, 2,00 amb un pes de 20,90 g i 

eixos de 41 ,2 x 31,4 x 15 mm de la Cv del Fresno, Asturias . 
Exemplar de mfnim pes , 0,14 g amb densitat 1,07 i eixos de 

10 x 8,7 x 4,1 mm de la Cova de la Moneda, Tarragona. 
Exemplar de major pes, 55,38 g amb densitat 1,81 i eixos de 

45,2 x 39,5 x 36,5 mm de la Surgencia de la LLudriga, Tarrago
na. 

Les agrupacions i nius de PBD sempre s'han trobat aillats 
d 'altres nius , sense relaci6 ffsica entre ells . Com ja s'ha dit , en 
alguns casos nius de pisolits normals contenen algunes peces 
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de PBD. No estan sotmesos a goteigs, esquitxos ni turbulencies 
d 'aigua, doncs son poc resistents a les accions mecaniques
erosives. Sols en una ocasi6 es troba un niu sota fort goteig des 
d 'uns 10 m d 'alc;:ada i tots els 11 pisolits presenten grans marques 
d 'erosi6 que fins i tot en la majoria els hi deixa el nucli al descobert. 

Els PBD es localitzen el tons de gours de qualsevol mida, 
des de varis metres de diametre fins a petits micro-gours, aix6 
sf, sempre recoberts de fines acfcules o be concrecions esponjo
ses de poca consistencia. Se 'n hi troben tambe en escorrenties 
de regim laminar, zones pavimentaries horitzontals amb petites 
depresions on s'hi acumula l'aigua. Quasi tots estan submergits, 
per6 no es rar veure 'ls inclus de gran mida i pes, sobre pendents 
on no s'hi pot acumular l'aigua. En aquest cas, el repartiment 
de l'aigua pel pisolit , s'obte mitjanc;:ant la esponjositat del PBD, 
el que Ii permet un creixement regular tot i que no estigui submer
git. 

Color: S6n de colors molt clars , pal ·lids, tots molt semblants 
doncs solament van del blanc 6s, fins la gamma dels grisos o 
marrons, pero sempre molt suaus. 

Textures: Generalment no son textures uniques, sin6 combina-
des . En cas de textues uniques, aquestes son llises, aciculades 
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Grafic 1. Relaci6 dels pesos corresponents a cada fracci6 de densitat. 
Grafic A. 248 pis6/its de densitat maxima dins la fracci6 2,00 
Grafic B. 722 pis6/its de totes densitats. 
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Grafic 2. Proporci6 entre densitats . reals i aparents 9 1 pisolits PBD. Cada punt 
correspon a un pis6/it. Cada triangle correspon a la mitjana d 'un niu. FM: Funci6 
mitjana total. 

i granuloses . Els pisolits combinats , tenen ares llises, granuloses 
i botricoidals . 

Forma: Cap relaci6 entre les formes si be son majoria les 
figures volumetriques, o sigui , creixement regular en els tres 
eixos, en comparaci6 amb les formes aplanades- discoYdals, en 
que el predomini de creixement es sols sobre els dos eixos ho
ritzontals . 

En el grafic 1 es relacionen els pesos totals de cada fracci6 
de densitat. La corba -A- correspon als 248 PBD i la -8- a 722 
pisolits de totes densitats, entre els que s'inclouen tambe els 
248 PBD: es per aixo que les dues corbes coincideixen fins la 
fracci6 1,70. El pes total dels 722 pisolits es de 7882 g i la 
densitat mitjana per llei de mescles ha resultat de 2, 11 . 

Volum: En general , els PBD tenen un volum superior, s6n mes 
grans. Per comprobar-ho es calculen les mitjanes. 

Mitjana de volum dels PBD, 5,51 cc. 
Mitjana de volum dels altres, 4,87 cc. 
Representa que els PBD son un 13 % mes voluminosos. 
Relaci6 entre Densitat aparent, Da, i Densitat real , Dr: Deis 

248 PBD, de 91 exemplars es mesura tambe la densitat real, 
amb la intenci6 de trobar-hi una correspondencia. 

Numero de cavitats a que pertanyen els 91 pisolits , 15. 
Numero de nius o agrupacions, 15. 
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Gamma de Da, 0,63 a 2,00. 
Gamma de Dr, 1,67 a 2,59. 
El grafic n.0 2 expressa la situaci6 dels 91 PBD a partir de 

les dues densitats. La mitjana general de l'area de repartiment, 
s'indica per la lfnea FM, que finalitza en el punt Da =Dr = 2,72, 
doncs es la mesura maxima per la calcita. 

Si be no es dedueixen conclusions definitives, s'observen 
algunes tendencies: A mesura que Da creix, va coincidint amb 
Dr si be aixo es normal, doncs les dues no poden sobrepassar 
les coordenades 2,72, excepte en el cas de pisolits que tinguin 
nucli de materia mes densa que la calcita. En cas de Da molt 
baixes, la divergencia es mes amplia, donat que s6n exemplars 
molt esponjosos. Les mesures extremes s6n: Da, entre 0,63 i 
2,00; Dr, entre 1,67 i 2,70. 

La mesura de les densitats pot portar a engany en el cas de 
que el pisolit tingui capes compactes impermeables entre la mas
sa esponjosa, doncs al fer la pesada dins d 'aigua, aquesta no 
arriba a la zona central. En cas de sospita, cal seccionar la perla 
per garantir la regular distribuci6 de l'aigua. En cas de que el 
tall es porti a terme amb serra, s'ha de tenir en compte la perdua 
de material. 

Conclusions 

- L'aspecte dels PBD te en comu el color blanquin6s, grisenc 
o marr6 clar, amb poca consistencia superficial. 

- El desenvolupament te lloc en zones mollades o inundades, 
pero sempre exents de goteig i turbulencies. 

- Els PBD arriben a prendre pesos i mides considerables. El 
mes gran trobat , de la Grallera d 'Al9amora, Lleida, pesa 94 g., 
eixos 56 x 47,5 x 42 mm i densitat 1,94. Deis 248 exemplars, 
14 d 'ells pesen mes de 20 g. 

- Les textures queden restringides a granuloses, botricoidals 
i en molt rares ocasions, aciculades. 

- Les agrupacions s6n en general de pocs exemplars. 
- En proporci6, els PBD tenen un volum superior en 13 % 

als de densitat mes habitual. 
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The origin of sulphates in Castleguard cave, Columbia. lcefields, Canada 

RESUM 

C. J. Yonge 
Physics Department, The University of Calgary. Calgary, Alberta, 
Canada. 

La cova de Castleguard es a/hora una via activa i de paleodrenatge de /'aigua basal procedent dels Columbia lcefields. La part 
fossil de la cova, formada per ca/caries de/ Cambric Mitja, conte sediments elastics que es trobaven al descobert quan la cova fou 
drenada durant l'aprofundiment de la val/ g/aciar. Revesteixen especial interes /es complexes series de minerals, desenvo/upades 
durant el parfode sec, com ho s6n els sulfats, guixos i mirabi/ita. 

lntentant d'esbrinar /'origen de/s minerals sulfatats, s 'han efectuat mesures isotopiques de/ sulfur, carboni, oxigen i hidrogen 
dels minerals de la roca envoltant i de l'aigua de la cova. En la major part dels casos, s 'ha observat que el guix sembla tenir el 
seu origen en /'oxidaci6 de la pirita de la roca encaixant, suggerint-se un important paper de /'acid sulfuric en la dissoluci6 de la 
cova. Si be tant el guix com la mirabilita varen precipitar per evaporaci6, aquesta ultima es va veure molt mes afectada per aquest 
mecanisme. Tambe es podria donar el cas que el diposit fos molt mes recent i que s 'hagues format degut a una major intensitat 
dels tubs de vent quan es va obrir la cova, durant l 'Eoce. 

RESUMEN 

La cueva de Castleguard es tanto una via activa como de pa/eodrenaje para el agua basal procedente de /os Columbia /cefie/ds. 
La porci6n f6si/ de la cueva, formada en calizas de/ Cambrico Media, contiene sedimentos c/asticos que estaban expuestos cuando 
la cueva fue drenada durante la profundizaci6n de/ valle glaciar. Aquf son de interes comp/ejas series de minera/es desarrol/ados 
durante el perfodo seco entre /os cua/es se encuentran /os sulfatos, yesos y mirabilita. 

Tratando de resolver el origen de /os minera/es sulfatados, se han efectuado medidas isot6picas de sulfuro, carbono, oxfgeno 
e hidr6geno en /os minerales, en la roca envo/vente y en el agua de la cueva. En la mayor/a de los casos, el yeso parece tener el 
origen en la oxidaci6n de la pirita de la roca encajante, sugiriendo un importante papel de/ acido sulfurico en la diso/uci6n de la 
cueva. Mientras que tanto el yeso como la mirabilita fueron precipitados por evaporaci6n, la mirabilita fue mucho mas intensamente 
afectada por este mecanismo, sugiriendo que este es un dep6sito reciente que, formado cuando /os efectos de/ tubo de viento 
fueron los mayores cuando la cueva se abri6 durante el Ho/oceno. 

SUMMARY 

Castleguard Cave is both an active and paleo drainage route for basal water from the Colombia /cetields. The fossil portion of 
the cave, formed within limestones of Middle-Cambrian age, contains elastic sediments that were exposed as the cave drained 
during glacial valley-deepening. Complex suites of minerals developed during the dewatering event, of which the sulphates, gypsum 
and mirabilite are of interest here. 

In attempting to resolve the origin of the sulphate minerals, isotopic measurements of sulphur, carbon, oxygen and hydrogen 
were carried out on the minerals, the bedrock and the cave water. In most cases, gypsum appears to have its origins in the oxidation 
of bedrock pyrite suggesting an important role of sulphuric acid in cave solution. While both gypsum and mirabilite were precipitated 
out of solution by evaporation, mirabilite was much more intensely affected by this mechanism suggesting that it is a recent deposit 
that formed when chimney-wind effects were greatest as the cave was breached during the Holocene. 

Introduction 

Castleguard Cave, which has an explored length of 18.6 km, 
is both an active and paleo-drainage route for basal and moulin 
sink water from the Colombian lcefields in the canadian Rockies 
(Smart , 1984). The portion of cave contained within the vadose 
zone of the Stephen, Pika, Eldon and Cathedral Limestone 
formations of Middle-Cambrian age (Aitken, 1968) contains finely
layered elastic sediments exposed as glacial valley deepening 
caused the cave to drain (Ford et al., 1983). 

Of interest are the sulphate minerals, gypsum, epsomite and 
mirabilite, which have formed on the walls of the cav!:) or on and 
within the in situ elastic sediments. Some observations have been 
made on the mineralogy of the cave including stable isotope 
analyses (Harmon et al. , 1983) but most attention was given to 
the relatively extensive calcite minerals. We have focussed our 
attention on two of the sulphate minerals and have attempted to 
resolve their origins with isotopic measurements of sulphur 
carbon, oxygen and hydrogen made on the minerals, the 
surrounding bedrock and the cave water. Stable isotope 
measurements of the sulphate minerals have not been made 

. before. 
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It appears that simple dissolution of anhydrite from the cave
bearing limestones to account for the presence of gypsum which 
is often found in caves with low humidities, is not appropiate in 
Castleguard Cave. The sulphates in Castleguard have 
undoubtably been precipitated from evaporating cave water but 
their source may well be from the oxidation of metalliferous 
sulphides in the adjacent bedrock. The origin of sulphate minerals 
in caves from a sulphide source has been recognised in more 
southerly caves (for example, Poulson and White , 1969). Atkinson 
(1983) in looking at the growth rates of speleothems in the cave 
finds that sulphuric acid must be present in the cave seepage 
water in order to account for the ionic load that they support. 
Oxidation of sulphides can provide the sulphuric acid required 
to enhance the aggressiveness of the vadose water (Stumm and 
Morgan, 1981 ). In fact, there is growing opinion that sulphuric 
acid rather than carbonic acid may be the major dissolving agent 
in the formation of caves generally (Lowe, 1985). Our isotopic 
evidence lends support to this view. 

A purely chemical origin for the cave sulphates is not shown 
unequivocally since mirabilite exhibits isotope ratios that may in 
part been generated by bacterial activity. Such mechanisms have 
been discussed by Matzutani and Rafter (1973) and Krouse (1980) 
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Sampling and analytical procedures 

Gypsum and mirabilite were sampled for isotopic analysis. 
Gypsum is found throughout the cave both as shards of loose 
crystal aggregates or as clusters of euhedral crystals flaking from 
the walls and on or within the elastic sediments. The gypsum 
associated with the sediments occurs as fibrous or needle-like 
crystals scattered randomly on the exposed surface of varve-like 
clays and as massive euhedral crystals or tabular or arrow-shaped 
platelets 2 to 3 cm in length within first few centimetres of the 
clay. Relative humidity in the regions where gypsum is found is 
around 96 %. Mirabilite is found as intertwined aggregates of thin, 
transparent water-soluble needles ca. 1 cm in length lying on 
dissected sediments banks in the driest portion of the cave where 
the relative humidity is around 94 %. The bitter salty taste of the 
mineral suggested that the thenardite as identified by x-ray 
diffraction was actually present in the cave as the hydrated sodium 
sulphate, mirabilite (Na2SO4 10Hp) 

A few grams of gypsum and adjacent limestone bedrock were 
collected in plastic vials whereas water samples and mirabilite 
(which loses its water of crystallization at room temperature) were 
collected in sealed glass bottles. Glass preserves the deuterium/ 
hydrogen content of water samples better than some polymeric 
materials (Yonge, 1982). 

Analyses of waters of crystallization and cave water samples 
were undertaken using the methods of Coleman et al. (1982) for 
deuterium content and McCrea et al. (1950) for 180. Sulphur and 
oxygen isotope ratios of the sulphates were determined according 
to the procedures described by Fumitaka et al., (1983) and Shakur 
(1982) respectively. Analyses of trace sulphur species in the 
bedrock employed the method described by Ueda and Sakai 
(1983). 

Results and Discussion 

The results of the isotope analyses obtained for this study 
are listed in Table I and illustrated by figures 1,2 and 3. 
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In figures 1 and 2, gypsum sulphur isotope values can be 
seen to cluster in the 14 to 16 %0 range, bracketing the values 
of 15.5 +/- 0.5 %0 obtained for trace metallogenic sulphides from 
the cave-bearing Cathedral and Eldon limestone formations. Pyrite 
is a possible source for the sulphide and has been observed in 
all of the platform carbonate units. Atkinson (1983) has shown 
that pure evaporation cannot account for the calcite Holocene 
speleothems encountered in the cave and that additional solution 
of dolomite and/or sulphate must occur in the groundwater prior 
to its entry into the cave. However, he found that more dolomite 
was dissolved than would have been expected from incongruent 
dissolution in the system calcite-dolomite-gypsum. Each mole of 
oxidised pyrite can yield two moles of sulphuric acid which reacts 
almost immediately with carbonates to produce sulphates and 
subsequently evolves CO2 . The CO2 may then dissolve to produce 
a further two moles of carbonic acid (Stumm and Morgan, 1981 ). 
The oxidation of pyrite as a source of the cave sulphate deposits 
thus seems a likely mechanism in view of the isotopic and 
chemical evidence. 

One sulphur isotope value at odds with those measured on 
the above gypsum minerals is the sediment-enclosed gypsum 
sample from a major side passage known as the Next Scene. 
This value of 22.6 %0 is best explained by direct solution of 
anhydrite followed by reprecipitation of gypsum during dessication 
of the cave sediments. Sulphate values of 21.7 +/- 1.0 %0 from 
trace quantities of anhydrite in the cave-bearing limestones 
support this view. What remains to be explained is the fact that 
this sample of gypsum is different in isotopic composition from 
the others. Presently the side passage in which this mineral was 
found, runs beneath a considerable exposure of the Arctomys 
Formation, a thick sequence containing shales, sandstones and 
dolomites containing lenses of anhydrite. Ancient sink points from 
which the Next Scene streamway could have been derived would 
have been situated on the contact between the Arctomys 
Formation and the platform carbonates. Anhydrite would then 
have been dissolved as streams flowed over the impervious unit 
and brought into the cave via the sinks points. The injection of 
elastic sediments into the Next Scene must have occured prior 



TABLE 1 - ISOTOPE DATA FROM CASTLEGUARD CAVE 

Cave water 
seepage 

pools 

Crystallisation water 
gypsum (sp,2) 

(wf,1) 
(sp,1) 
(sn,2) 
(se,2) 
(se,3) 

mirabilite(sn,3) 

D (V-SMOW) %0 
-160+/-9 
-150(2)" 
-117(2) 

-170(2) 
-167(2) 
-166(2) 
-164(2) 
-163(2) 
-162(2) 
-128(2) 

Cave Temp.° C 
3.0 
2.6 
2.3 
3.0 
2.6 
3.5 
3.5 

180 (V-SMOW) %0 
-22.4+/-2.0* 
-20.3(2) 
-14.0(2) 

Rel Humidity (%) 
96 
96 
96 
96 
96 
96 
94 

(s = sediment bound, w = wall deposit, P = platelets, f = flakes, n = needles, e = mas
sive euhedral crystals, number refers to location in cave) 

Sulphates 
gypsum 

(wf,1) 
(sp,1) 
(sn,2) 
(se,2) 
(se,3) 

mirabilite(sn,3) 
Bedrock 

* After Harmon (1983) 

34S (CDT) %0 
14.2 
14.7 
15.5 
15.8 
16.0 
22.6 
7.8 

34S (CDT)%o sulphide 
15.5+/-0.5 

180 (V-SMOW) %0 
1.2 

-1.3 
2.1 
6.3 
5.6 
5.2 

-100 
34S (CDT)o/oo sulphate 

217+/-1 .0 

to those seen in the main trunk route of the cave, since the main 
cave does not contain gypsum with a similar isotopic composition 
of that observed in the Next Scene. 

That sulphide is depleted in 34S by 7 %0 with respect to the 
sulphate in the bedrock is expected for bacterial reduction of 
sulphates during diagenesis, although 22.5 %0 is light for 
evaporites deposited in the Middle Cambrian; 30 %0 would be 
more normal (van Everndingen et al. , 1982). Diagenetic effects 
such as dolomitisation and/or metamorphism may have affected 
the trace quantities of sulphur species. 

The sulphur isotope compositon of mirabilite is 7.8 %0 with a 
concommitant depletion in 180 compared to gypsum. All of the 
cave sulphates in fact show a vague correlation of sulphur isotope 
ratios with oxygen isotope ratios suggesting a varying degree of 
kinetic fractionation (figure 1 ). A trend towards equilibrium 
fractionation seems highly unlikely in light of work by Chiba and 
Sakai (1985) in which the equilibrium of sulphate in sea water 
was calculated to be 5 x 109 years at a pH of 4 and temperature 
of 4°C. At pH's of 8.13 to 9.03 and temperatures of around 3° C, 
equilibrium in Castleguard Cave would take even longer. 

One possible mechanism for explaining the sulphur-oxygen 
isotope compositions may be the presence of bacteria in the 
ground water (which may also aid processes in the direction of 
equilibrium). Mizutani and Rafter (1973) showed that sulphur
reducing bacteria preferentially metabolize 32S160 4 in the ratio of 
1 :4 (the ratio here is about 1 :2). The cave contains a variety of 
biota and is recognised as a Wisconsin refugium but bacterial 
activity on minerals appears to be absent. For example, carbonate 
«moonmilk» seen as a crusty, pasty deposit in the cave is likely 
formed as a vapour-phase equilibrium deposit (White and Deike, 
1962) rather than by bacterial deposition in which aggregates of 
fibrous bodies (lublinite) accumulate. Nevertheless, in the absence 
of other mechanisms, a bacterial origin for mirabilite, and to a 
lesser extent, gypsum, could explain the isotopic trend of oxygen 
versus sulphur. 

The hydrogen isotope data from waters of crystallization 
suggest in part an evaporitive mechanism for sulphate 
precipitation (figures 2 and 3). Gypsum waters of crystallization 
are depleted in deuterium compared to cave seepage water; a 
tendency expected for the precipitation of gypsum in 
thermodynamic equilibrium with its parent solution. However, a 
shift in values of 15 to 20 %0 would be expected if equilibrium 
had been acheived (Fontes and Gonfiantini, 1967) whereas only 
6 %0 is observed . Mild evaporation of the cave waters may have 

served to enrich the crystallization waters over the expected 
values. The gypsum from the Next Scene appears to follow the 
same trend . In fact all the gypsum samples, whether wall or 
sediment-bound deposits appear to have suffered the same 
isotopic fractionation with respect to their crystallization waters . 
With respect to the low evaporative conditions that existed while 
gypsum was being precipitated, Pohl and White (1965) point out 
that CO2 must be released in order for gysum to be deposited 
in the reaction of a sulphate-bearing solution with calcite. As 
groundwater frasses into the cave it encounters a lower pCO 
resulting in a loss of CO2 from solution . Gypsum found growinJ 
on the walls of the cave can be explained by this reaction of 
sulphate-bearing solutions on bedrock and subsequent loss of 
CO2 but so too can the sediment-bound gypsum. Schroeder and 
Ford (1983) have found that the elastic sediments in the cave 
can contain up to 60 % calcite glacial flour which would provide 
a medium on which the sulphate-bearing solutions can react. 

The trends of sulphur to hydrogen isotope ratios and oxygen 
to hydrogen isotope ratios suggests some small but consistent 
kinetic effects. Note that the oxygen/hydrogen trend does not 
run parallel the meteoric water line (Dansgaard, 1964) as do the 
cave seepage waters which have been collected as they emerge 
unevaporated from joints in the cave roof. We do not at the 
present time know that these kinetic effects are due to. 

Mirabilite crystallization waters appear to be derived from pool
like water that has been quite strongly evaporated . The shift of 
the crystallization water to lighter values from the standing pool 
water is probably fortuitous as one would not expect the weakly 
bonded water to be thermodynamically fractionated to the same 
extent as gypsum crystallization water. Be that as it may, mirabilite 
crystallization water is enriched in deuterium compared to 
seepage water and thus suffered similar evaporative effects as 
the present standing pools. Speleothems which host flags on 
their modern portions point to the cave's present day evaporative 
environment but suggest that evaporation was not strong in the 
past. In addition, pre-Holocene speleothems have been found 
growing in isotopic equilibrium with their parent seepage waters , 
this can only occur in conditions of low evaporation (Gascoyne 
et al., 1983). Mirabilite has formed in the driest part of the cave 
(relative humidity 94 %) where evaporation would be expected to 
be greatest. It is likely in this case that the deposition of Na
sulphate occured as a result of solutions which had become 
Na-enriched via ion-exchange processes as Mg-rich waters 
passed through the sediment prior to evaporation . 
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Most of the sulphate minerals found in the cave appear to 
have come from sulphides present in the platform carbonates 
that enclose the cave via pyrite oxidation . Some of the sulphates 
may have originated directly from an anhydrite source. 

Loss of CO
2 

with some evaporation as solutions entered the 
cave may account for the presence of wall and sediment-bound 



gypsum. Mirabilite, however, appears to have been affected by 
a strongly evaporating environment with some bacterial effects . 

Speleothems that host flags on their modern portions indicate 
that a strongly evaporative environment is a recent phenomenom 
which may have occured when the cave was breached during 
glacial valley deepening following the Wisconsin Glacial Maximum. 
Gypsum was probably deposited while the cave was essentially 
sealed and mirabilite was deposited when it was subsequently 
opened . The onset of bacterial activity in the cave may have 
occured at this time. 

References 

AITKIN, 1.0., 1968: Cambrian sections in the easternmost southern 
Rocky Mountains and the adjacent subsurface, Alberta. Geol. 
Survey of Canada Paper, 66-23. 22 p. 

ATKINSON, T.C., 1983: growth mechanisms of speleothems in 
Castleguard Cave, Columbia lcefields, Alberta, Canada. Arctic 
and Alpine Res ., Vol. 15, No. 4, 523-536. 

COLEMAN, M.L., SHEPHERD, J.T., DURHAM, J.J ., ROUSE, J.E., 
and MOORE, G.R. , 1982. Reduction of H

2
0 with Zn for H 

isotopic analysis. Anal. Chem. Vol. 54, No. 6, 993-995. 
DANSGAARD W., 1964: Stable isotopes in precipitation. Tellus, 

16, 436-438. 
FONTES, J. & GONFIANTINI R., 1967: Fractionnement isotopique 

de l'hydrogene dans l'eau de cristalliisation du gypse. C.R. 
Acad. Sc. Paris , t. 265, 4-5. 

FORD D.C., SMART PL & EWERS R.O., 1983: The physiography 
of Castleguard Cave, Columbia lcefields, Alberta, Canada. 
Arctic and Alpine Res ., Vol. 15, No 4, 437-450. 

FUMITAKA, YANAGISAWA & SAKAI H., 1983: Thermal 
decomposition of barium sulphate by vanadium pentoxide/silica 
glass mixture for preparation of sulphur dioxide in sulphur 
isotope measurements. Am. Chem. Soc., 55-985. 

GASCOYNE, M., LATHAM A.G , HARMON R.S. & FORD D.C. , 
1983: The antiquity of Castleguard Cave, Columbia lcefields, 
Alberta, Canada. Arctic and Alpine Res ., Vol. 15, No. 4, 463-470. 

10118 

HARMON R.S ., ATKINSON T.C. & ATKINSON J.L. 1983: the 
mineralogy of Castleguard Cave, Columbia lcefields, Alberta , 
Canada. Arctic and Alpine Res ., Vol. 15, No. 4, 503-516. 

KROUSE H.R. , 1980: Sulphur isotopes in our environment, in P. 
Fritz and J. Fontes (eds) , Chapter 11, Handbook of 
Environmental Geochemistry, Vol. I. The terrestrial ; 
Environment, Elsevier, Amsterdam, 435-471 . 

LOWE D.J. 1985: Pers Comm .. 
MATZUTANI Y. & RAFTER TA , 1973: Isotopic behaviour of 

sulphate oxygen in the bacterial reduction of sulphate. 
Geochemical Journal , Vol. 6 183-191. 

McCREA J.M., 1950: On the isotopic chemistry of carbonates and 
a paleotemperature scale. J. Chem. Phys., 158, 1314-1317. 

POHL E.R. & WHITE W.B., 1965: Sulphate minerals: Their origin 
in the Central Kentucky Karst. The Am . Mineralogist, Vol. 50, 
1461-1465. 

POULSON TL & WHITE W.B., 1969: The cave environment. 
Science, Vol. 165, No, 3897, 971-981 . 

SHAKUR A., 1982: Sulphur and oxygen isotope variations in 
terrestrial sulphates. Unpublished PhD thesis , Univ. of Calgary, 
229 pp. 

SCHROEDER J. & FORD D.C. , 1983: Clastic sediments in 
Castleguard Cave, Columbia lcefields, Alberta, Canada. Arctic 
and Alpine Reseach , Vol. 15, No 4, 451 -461 . 

STUMM J. & MORGAN J.J., 1981: Aquatic Chemistry. 2nd Edition . 
New York : Wiley. 780 pp. 

UEDA A. & SAKAI H., 1983: Simultaneous determinations of the 
concentration and isotope radio of sulphate and sulphide 
sulphur and carbonate carbon in geological samples. 
Geochemical Journal. Vol. 17, 185-196. 

VAN EVERNDINGEN R.O., SHAKUR M.A. & KROUSE H.R. 1982: 
Sulphur and oxygen isotope ratio abundances differentiate 
Upper Cambrian an Lower Devonian gypsum-bearing units, 
District of McKenzie, NWT - an update. Can, Journal of Earth 
Sci. , 19, 1246-1254. 

WHITE W.B. & DEIKE G.H., 1962: Secondary mineralization in 
Wind Cave, South Dakota, National Speleological Society 
Bulletin , 24, 74-78. 

YONGE C.J., 1982: Stable isotope studies of water extracted 
from speleothems. Unpublished PhD, McMaster University, 298 
pp. 

The Mineralogy and Chemical Constituents of Saltpetre in Six Viginia Caves 

RESUM 

David A. Hubbard, Jr. , Richard S. Mitchell and Janet S. 
Herman 
Virginia Divison of Mineral Resources - Department of 
Environmental Sciences, University of Virginia , USA 

A fi d 'estudiar mil/or la composici6 de salnitre de /es coves def sud-est dels Estats Units, es van recollir 35 mostres de minerals 
i 26 de sediments de 6 coves de salnitre de Virgfnia . Tots els minerals de salnitre identificats s6n deliquescents. Un dels minerals 
recollits, identificat per refracci6 de raigs X, es el nitrat potassic (KNO:). A/guns d 'aquests minerals de salnitre es van formar per 
evaporaci6 de percolats i 8 de /es 26 mostres de sediments varen poder esser identificades per difracci6 de raigs X com a nitrat 
potassic i nitromagnesita {Mg (NO:i)2' 6H20]. L 'analisi qufmica d'aquests sediments percolats ens va donar 20 mostres amb una 
concentraci6 de nitrats (NQ3-J superior a 1.000 ppm. Les analisis de cations i d 'anions dels percolats, indicaren que 21 de /es 
mostres contenien, probablement, nitroca/cita dissolta [Ca(NO:iJ2. 4H20]. No obstant, /'elevada humitat atmosferica de la primavera 
i /'estiu def 1.985, imped( la cristal·/itzaci6 i el posterior estudi per raigs X d 'aquest mineral extremadamente deliquescent. 

RESUMEN 

Para estudiar mejor la composici6n de salitre en cuevas def sur-este de las Estados Unidos se recolectaron 35 muestras de 
minerales y 26 de sedimentos de 6 cuevas de salitre en Virginia . Todos las minerales de salitre identificados son de/icuescentes. 
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Uno de las minerales recolectados identificados con difracci6n de rayos-X es nitrato potasico (KNO} Los minerales de salitre, 
formados par la evaporaci6n de percolados y nitromagnesita [Mg (NO:)2. 6H2O]. El analisis qufmico de estos sedimentos percolados 
proporcion6 20 ejemplares con nitrato (NO3) concentraciones superiores a 1.000 partes par mill6n (ppm.). Los analisis de cationes 
y aniones de las percolados indican que 21 de las muestras contienen probablemente nitrocalcita disuelta [Ca(NO:)2. 4H2O]. No 
obstante las humedades atmosfericas elevadas en la primavera y verano de 1985 excluyeron la cristalizaci6n y el estudio par rayo-X 
de este mineral extremadamente delicuescente. 

SUMMARY 

In order to better understand the composition of saltpetre in caves of the southeastern United States, 35 mineral and 26 sediment 
samples were collected from 6 Virginia saltpetre caves. All of the saltpetre minerals identified are collected, and deliquescent. One 
of the mineral specimens collected, and identified by X-ray diffraction, is niter (KNO} Saltpetre minerals which formed by the 
evaporation of leachates from 8 of the 26 sediment samples were identified by X-ray diffraction as niter and nitromagnesite [Mg(NO:)2. 

6H2O]. Chemical analyses of these sediment leachates yielded 20 specimens with nitrate (NO3-J concentrations greater than 1000 
parts per million (ppm). Cation and anion analyses of the leachates indicate that 21 of the samples probably contain dissolved 
nitrocalcite [Ca(NO:)2. 4H2O]. However, high atmospheric humidities in the spring and summer of 1985 precluded the crystallization 
and X-ray study of this extremely deliquescent mineral. · 

Introduction 

Saltpetre was obtained from caves of the southeastern United 
States (USA) from the late 1700's until the end of the Civil War 
in 1865. Mining efforts were most intense during the American 
Revolution (1775-1783), the War of 1812 and the Civil War (1861-
1865), when gunpowder made from saltpetre was in great 
demand. Saltpetre was obtained from caves by leaching petre 
dirt , or saltpetre earth , combining this liquor with the leachate of 
wood ashes , and then boiling the resultant solution until nitrate 
crystallization occured . The composition of the raw cave saltpetre 
is still poorly understood. Early reports of nitrate minerals have 
not been verified by modern techniques (Hill , 1981a), because 
nitrate minerals are deliquescent and do not easily crystallize in 
the high-humidity environments normally found in southeastern 
caves (Hill , 1981b, p. 127). In order to further the understanding 
of the composition of saltpetre in the caves of the southeastern 
United States, six of Virginia 's 70 known saltpetre caves were 
sample and studied (Figure 1 ). 

Figure 1. Distribution of saltpetre caves studied in Virginia. 

Caves sampled 

Johns Cave (Figure 1) is in Frederick County, in limestones 
and dolomites of the Rockdale Run Formation (Ordovician). 
Evidence of saltpetre mining in this 100 m long cave includes 
diggings, old sediment levels on walls and four mounds thought 
to have been leaching vats. A number of names of initials from 
the 1780's and 1790's have been observed in the vicinity of the 
mounds. Kercheval (1833) reported the cave as «remarkable only 
for its production of saltpetre, and preserving fresh meats in hot 
weather». 

Madisons Saltpetre Cave (figure 1) is located in Augusta 
County in the limestone and dolomites of the Conococheague 
Formation (Cambrian). This cave contains about 490 m of 
passage, 90 m of which are submerged . Evidence of saltpetre 
operations includes diggings, names and dates, and old sediment 
levels on the walls. Wall inscriptions were dated as early as the 
1770's and include the name of one known supplier to the 
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Continental Army, two names dates 1813, and an inscription by 
Greenlee Davidson in 1863. According to his diary, Captain 
Davidson collected specimens of cave earth from this cave for 
analysis of saltpetre in 1862. Hovey (1897) reported «Jed» 
Hotchkiss, Stonewall Jackson 's map maker, to have said , 
«Madison's Cave was mined for saltpetre during the three great 
wars, of the revolution , of 1812, and of the rebellion probably the 
only cave on the continent of which that can be said». 

Clarks Cave (Figure 1) is in Bath County in the Licking Creek 
Limestone (Devonian). The cave is estimated to contain about 
4.8 km of passage; at least a thrid of which was worked for 
saltpetre. Faust (1964, p. 42) reports that , «evidence indicates 
that this cave was worked for saltpetre as early as 17 40. Mr. 
(Grady) Clark, who owned this property for many years, reported 
that his grandfather (Samuel Clark) worked in the cave during 
the War of 1812». Mining operations during the Civil War were 
reported by Douglas (1964, p. 152). The extensive workings still 
contain artifacts of mining activities. 

Witheros Cave (Figure 1) is also located in Bath County in 
the Licking Creek Limestone. Saltpetre was mined in 
approximately one third of this 3297 m long cave (Simmons, 
1981 ). The saltpetre mining operations were probably of the Civil 
War era. 

Peerys Saltpetre Cave (Figure 1) is in Botetourt County in 
limestones and dolomites mapped as the Conococheague 
Formation (Cambrian ; Spencer, 1968). Douglas (1964, p . 188) 
reported Peerys Saltpetre Cave to be over 400 m long. Saltpetre 
workings extend throughout the cave. Burton Faust (1964, p. 45) 
stated: «This cave is very likely the place where, it was reported 
in 1775 that, Charles Lynch had found 'many rocks of GENUINE 
SALTPETRE '.» Civil War mining operations were reported by the 
cave's owner, Mrs. Mary Goodwin (Mansfield and Boardman, 
1932). 

Curve Saltpetre Cave (Figure 1) is located in Giles County in 
the limestones and dolomites of the Ordocvian part of the Knox 
Group. The cave was worked for saltpetre throughout its 200 m 
length . Mining was reportedly during the Civil War (Douglas, 1964, 
p. 226, Holsinger, 1975). Dates in diggings indicate that some 
work was carried out before the Civil war. 

Methods 

Mineral and sediment samples were collected at each of the 
six caves described above. Mineral specimens consisting of 
efflorescent crusts or fibers were collected from rock and 
sediment surfaces of floors , walls , and ceilings. Sediment samples 
of approximately 2.2 L were collected in the vicinity of old saltpetre 
workings . Although a variety of sediment types were collected, 
sampling was generally biased toward well aerated nearly dry 
sediments of an almost spongy nature with little organic 
material. 

Sediment samples were air dried for approximately one week 



until they attained a constant weight. A subsample of 700.0 g 
was taken from each sample, excluding charcoal and large rock 
fragments. Each subsample was mixed with 500 ml of distilled 
water in an inverted 1000 ml polyethylene bottle with its bottom 
removed and with a glass cotton filter in the neck of the bottle. 
After 24 hours the sample mixture was allowed to drain through 
filter paper into an Erlenmeyer flask. After an additional 24 hours 
the mixture was vacuum filtered for additional leachate yield. 
Approximately 10 ml of leachate was allowed to evaporate from 
a watch glass for identification by X-ray diffraction and optical 
microscopy. 

Leachate samples were filtered a final time through a 0.45 
µm filter and then split. Half of each sample was acidified with 
concentrated nitric acid. Acidified solutions were diluted and 
analyzed by atomic absorption for Ca2+, Mg2+, Na+, and K+ using 
an Instrumentation Laboratories model 751 dual-beam 
spectrophotometer. The unacidified leachate subsamples were 
diluted and analyzed for Cl·, NO3·, SO/, and PO/ using a Dionex 
Ion Chromatograph. 

Results 

The identification of 32 mineral samples is summarized in 
Table I. Only two of the specimens are nitrate minerals. Samples 
Pe7B and Pe7C (Peerys Saltpetre Cave) were idenfied as niter 
(KN03). Pe7B occurred as white kinky lintlike fibers approximately 
1 cm in length growing on the top and side of a small ledge. 
Pe7C occurred as clear or white silky hairlike fibers up to 2 cm 
long growing on the top and side of a small ledge. 

The mineralogical composition of the 26 sediment samples is 
summariezed in Table 2. Only the major minerals were found by 
whole sample analyses. 

Precipitates formed by evaporation of leachate from sediment 
samples are summarized in the leachate column of Table 2. 
Gypsum was usually the first compound to form from the leachate. 
Niter occurred from Cu2 and Cu3 leachates. No niter was 
observed from leachates of Peerys Saltpetre Cave from which 
mineral specimens of niter had been collected, but no sediment 
samples were taken in the vicinity of those mineral occurrences. 
Nitromagnesite [Mg(NO3)2. 6H2O] was observed to form from 
leachates when X-ray laboratory humidity was reduced to the 
low-thirty to mid-forty percent range. At this humidity niter and 
nitromagnesite were identified from 13 of the 26 leachates. Fifteen 
leachates did not fully evaporate and no nitrocalcite [Ca(NO3) 

24Hp] was identified. In only four leachates were no nitrate 

Sample1 
Compos it i on2 Sample1 

Composition2 No. No. 

Jo2A calcite, dolomite WilB epsomite 
Jo2B calcite, dolomite WilC epsomite, quartz 
Jo3A calcite, dolomite WilD epsomite 
Jo3B calcite, dolomite WilE epsomite 

Wi2A gypsum 
Ma2A calcite overlying quartz, Wi2B gypsum 

kaolinite and chalcedony Wi4B calcite 
Ma2B amorphous, quartz Wi4C gypsum, tr. quartz 
Ma2C gypsum, tr. quartz 
Ma3A gypsum, tr, quartz Pe2A epsomite 
Ma3B gypsum, tr. quartz Pe3A nesquehonite 
Ma4A apatite, tr. unknown Pe7B niter 

Pe7C niter 
CllA gypsum 
Cl2B epsomite, tr. calcite CulA nesquehonite 
Cl2C epsomite Cu4A gypsum 
Cl3A gypsum Cu4B amorphous powder 

Cu4D calcite 
WilA epsomite Cu5A gypsum 

~first two letters ' refer to cave name - see Figure 
identification by X-ray diffraction 

Table 1. Mi:,.aralogical composition of efflorescent crusts 

Sample1 

No . Sediment2 leachate2 Evaporation3 

State 
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Jal quartz, ,illite, tr. kaolinite, sp. dolomite 
Jo2 quartz, illite, tr. kaolinite, sp. dolomite 
Jo4 quartz, illite, tr. kaolinite, sp. dolomite 

Mai quartz, min. illite, min. kaolinite, min . 
microcline 

Ma2 quartz, microcline, tr. illite, tr. kaolinite 
Ma3 quartz, min. kaolinite, min. microcline, tr. 

i1 lite 
Ma4 quartz, min. microcline 

Cll quartz, illlte, sp. alblte 
Cl3 quartz, illite, gypsum, sp. alblte, tr. 

kaolinite 
C14 quartz, illite, tr. kaolinite 
ClS quartz, illite , tr. gypsum, tr. kaolinite 

Wil quartz, gypsum, tr. illite 
W13 quartz, illite, sp. albite 
Wi4 quartz, gypsum, tr. il lite, sp. al bite 
Wi5 quartz, illite 

Pel quartz, dolomite, 1llite, tr. calcite 
Pe4 quartz, illfte, kaolinite 
PeS quartz, kaolinite, tr. 1llite 
Pe6 quartz, illite, tr. kaolinite 
Pel quartz. illite, dolomite, tr. kaolinite 
Pe8 quartt, il11te, kaolinite, tr. dolomite 
Pe88 dolomite, quartz, kaolinite, illite, tr. 

calcite 

Cul quartz, illite, sp. dolomite, tr. kaolinite 
Cu2 quartz, illite, tr. kaolinite 
Cul quartz, illite, tr. kaolinite, sp. dolomite 
Cu5 quartz, illite, tr. kaolinite, sp. dolomite 

m n.: minor 

gypsum, n1tromagnes1te 
gypsum, hexahydrite 
amorphous, ca 1 cite 

gypsum 
gypsum I n i tromagnes i te 

gypsum, ni tromagnesi te 
gypsum 

gypsum 

gypsum, nitromagnesite 
gypsum 
gypsum 

gypsum, hexahydri te 
gypsum 
gypsum, nitromagnesite 
gypsum, ca lei te 

gypsum, nitromagnes ite 
nitromagnesfte 
nitromagnesite 
nitromagnesite, gypsum 
gypsum, n itromagnes ite 
gypsum 

unknown 

wet 
dry 
dry 

wet 
damp 

damp 
wet 

wet 

dry 
wet 
wet 

dry 
wet 
wet 
dry 

dry 
dry 
dry 
wet 
damp 
damp 

wet 

gypsum I ni tromagnes 1 te dry 
amorphous, niter, epsomi te dry 
niter dry 
gypsum wet 

sp.: spot pattern indicates specimen contained only a few grains 
tr .: trace 

~first two letters refer to cave name - see Figure 1 
identification by X-ray diffraction 3evaporation state at relative humidity in the low-thirty to mid-forty percent range 

Table 2 Mineralogical composition of sediments and evaporated leachates 

compounds found upon complete evaporation: Jo2, Jo4, Wi1 and 
Wi5. 

Chemical analyses of the leachates are tabulated in Table 3. 
Nitrate (NO3·) values range from a high of 36.210 ppm from Ma2, 
which corresponds to content of 2.6 percent by weight, to a low 
of 36 ppm for Jo4. Twenty leachates had nitrate concentrations 
greater than 3000 ppm. Precipitates obtained from one of these 
high nitrate leachates, wil, did not include any nitrate compounds. 
Phosphate (PO/) was below detection limits in the dilutions used. 

Discussion 

The only nitrate mineral found in the six saltpetre caves 
examined was niter (Table 1). However, evaporation of leachates 
from these caves resulted in the identification of both niter and 
nitromagnesite and a thick viscous deliquescente slurry. A similar 
leachate slurry was considered a solution of calcium nitrate by 
Maxson (1932). All 15 of the leachate samples indicated as damp 
or wet on Table 2 contain over 3000 ppm NO3- (Table 3) . These 
leachates, also high in calcium, are expected to yield nitrocalcite 
upon complete evaporation. Hill (1981b, p. 131) ranked the nitrate 
minerals in decreasing order of delinquescent stability in the cave 
environment as niter, soda-niter (NaNO3), ammonia-niter (NH4NO

3
), 

nitromagnesite and nitrocalcite. Darapskite [NaiNOiSO4) H2O] 
could not be ranked «since the vapor pressure over a saturated 
solution of this salt is unknown». Considering Hill's ranking and 
the data presented in this paper, the composition of cave saltpetre 
in these six Virginia caves can be considered a mixture of 
nitromagnesite and probably nitrocalcite with local concentrations 
of niter. The possibility that darapskite is present cannot be 
disconnted. 

Significant reduction of Virginia's 12 °C mean cave 
temperature have been documented in Witheros Cave by V. 
Tipton during winter months (Hubbard , 1981 ). Seasonally 
(January-February) , extended periods of cold, low humidity 
weather can result in low cave humidities . We postulate that the 
nitrate compounds evaporaterl from cave leachates may occur 
seasonally in some Virginia saltpetre caves. 



Sample1 
No. ca2+ Mg2+ Na+ 

B. Murry, Ill , Roseanne M. Prestipino and Marion 0 . Smith in the 
K+ Cl- N0

3 
- so

4 
2- field is gratefully acknowledged. 

Jol 
Jo2 
Jo3 

Mal 
Ma2 
Ma3 
Ma4 

Cll 
Cl3 
C14 
C15 

Wil 
Wi3 
Wi4 
Wi5 

Pel 
Pe4 
Pe5 
Pe6 
Pe7 
Pe8 
Pe8B 

Cul 
Cu2 
Cu3 
Cu5 

2705 
201 

24 

3926 
9345 
4246 
3224 

1712 
1118 
5350 
2713 

788 
5285 
1417 
684 

2425 
676 

43 
2925 
2265 
1561 
3102 

504 
64 
13 

716 

2315 
85 
25 

612 
1450 
857 
852 

280 
803 

1270 
706 

1783 
411 
703 
64 

1725 
1426 

78 
1725 
3130 

469 
918 

546 
41 

5 
319 

100 183 
10 86 
7 3 

59 76 
630 2240 

60 279 
70 31 

174 24 
257 26 
620 89 
122 104 

546 34 
115 72 
299 58 

36 34 

267 
116 

28 
354 
559 
44 
79 

45 
21 
4 

94 

214 
35 
22 

234 
512 
54 

118 

46 
121 
58 
47 

222 22250 383 
2 301 778 
3 36 32 

253 12980 
195 36210 

10 19620 
13 15190 

187 4544 
178 4580 
344 25290 
419 11580 

508 3824 
83 18790 
83 4544 
10 67 

237 16430 
236 4652 

26 345 
419 21070 
919 22670 
81 4406 
83 14010 

50 3032 
9 483 
3 42 

314 3500 

1037 
871 
773 
676 

924 
1780 

481 
1066 

2034 
773 

1469 
1592 

2041 
77 

164 
383 

1554 
614 
968 

735 
103 

27 
340 

1first two letters refer to cave name - see Figure 1 
Table 3. Cation and anion concentrations in leachate (ppm) 
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Decouverte de cendres volcaniques dans de concretions stalagmitiques 
datees par 230Th/234U. Une nouvelle perspective pour la tephrostratigraphie 

M. Gewelt et E. Juvingne 

RESUM 

Una nova associaci6 de minerals volcanics ha estat trobada en concrecions de coves belgues. Les datacions amb 230Thj234U 
de la calcita d 'aquestes concrecions ha permes atribuir a aquesta aportaci6 vo/ca.nica una edat de 106.000 anys B.P. ( ± 6.000 
anys). Aquesta aportaci6 volcanica (de Remouchamps) encara no havia estat descrita a Belgica. Constitueix, doncs, un nou indicador 
estratigrafic del Plistoce Superior. D'altra banda, els minerals volcanics de «Tuf de Rocourt» s'han trobat igualment en altres 
concrecions de les coves . Diverses datacions radiometriques permeten establir nous limits d 'edat a aquesta aportaci6. La tefrostratigra
fia es suma ara a les nombroses possibilitats d 'estudi que ofereixen les concrecions estalagmitiques (palinologia, datacions radiometri
ques, isotops estables, ... ). 
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RESUMEN 

Una nueva asociaci6n de minerales vo/canicos ha sido ha/Jada en concreciones de cuevas be/gas. Las dataciones 230Th/234U 
de la calcita de estas concreciones han permitido atribuir a esta avenida vo/canica una edad de 106 mas 6 ka B.P. Esta (La Avenida 
volcanica de Remouchamps) todavfa no habfa sido descrita en Belgica. Constituye pues, un nuevo indicador estratigrafico de/ 
Pleistoceno superior. Por otra parte, /os minera/es volcanicos de «Tut de Rocourt}) han sido igualmente hallados en otras concreciones 
de cuevas. Varias dataciones radiometricas permiten dar nuevos /(mites a la edad de esta avenida. La tesfrostratigraffa se aflade 
ahora a las numerosas posibilidades de estudios que ofrecen ya las concreciones estalagmfticas (palinologfa, dataciones radiometricas, 
is6topos es tables .. .). 

RESUME 

Une nouvelle association de mineraux volcaniques a ete trouvee dans des concretions de gratis be/gs. Des datations 230Th/234U 
de la calcite de ces concretions ont permis d 'attribuer un age de 106 ± 6 ka B.P. a cette retombee volcanique. Celle-ci (la Retombee 
volcanique de Remouchamps) n'avait pas encore ete decrite en Belgique. Elle constitue done un nouveau marque stratigraphique 
du Pleistocene superieur. D'autre part, les mineraux volcaniques du «Tuf de Rocourt» ont egalement ete retrouves dans d'autres 
concretions de grottes. Plusieurs datations radiometriques permettent de donner de nouvelles limites a l'age de cette retombee. La 
tephrostratigraphie d'etudes qu 'offraient deja les concretions stalagmitiques (palynologie, datations radiometriques, isotopes stables 
... ). 
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Phosphate minerals in the Butler Cave-Sinking Creek System: geochemistry 
and characterization by Raman spectroscopy 

RESUM 

William B. White 
Department of Geosciences and Materials Research Laboratory, The 
Pennsylvania State University, USA. 

La Butler Cave-Sinking Creek System, Bath County, Virginia, conte un considerable complexe de farciments carstics que van 
des d'argiles i fins a/-/uvions, fins a clasts i palets. Els minerals fosfatats apareixen en petites vetes de/s sediments elastics, dispersos 
entre el granulat elastic i, tanmateix ben poques vegades, revestint /es parets a nivells superiors al diposit. Els minerals identificats 
inc/ouen la taranaquita, la crandal/ita, la hidroxiapatita i, possiblement, la sassarta. La major part dels diferents minerals fosfatats no 
estan associats amb guano ni amb altres materies organiques. Tots els minerals estan finament granulats. La seva identificaci6 es 
va dur a terme mitjanr;;ant la difracci6 de pols per raigs X, el microscopi electronic de scanning i e/ectroscopia de Rama, un 
experiment d'escombrada amb I/um inelastica, que amida J'espectre vibratori de la mostra. Enfocant el 1/ampec de/ Jasser excitant 
amb el microscopi optic i utilitzant una dispersi6 geometrica es possible d'obtenir els espectres individualitzats de Jes minuscules 
partfcules de pols. Presentem tambe a/gunes referencies d'alguns espectres de minerals fosfatats que es poden trobar mes 
frequentment a Jes coves. 

RESUMEN 

La Butler Cave - Sinking Creek System, Bath County, Virginia, contiene un surtido complejo de rellenos c/asticos que van 
desde arcil/as y finos aluviones hasta clastos y cantos rodados. Los minera/es fosfatados aparecen en pequeflas vetas en los 
sedimentos clasticos, dispersos entre el granulado clastico, y rara vez como revestimiento de paredes por encima de los niveles 
de re/Jeno. Los minerales identificados incluyen la taranakita, la crandallita, la hidroxiapatita y posiblemente la sasaita. La mayoria 
de Jos diferentes minerales fosfatados no estan asociados con guano ni otras materias organicas. Todos los minerales son finamente 
granulados. La identificaci6n se hizo con difracci6n de po/vo por rayosX, microscopio e/ectr6nico de «scanning}) y espectroscopia 
de Rama, un experimento con barrido de /uz ine/astica que mide el espectro vibracional de la muestra. Enfocando el destello de/ 
laser excitante con microscopio 6ptico y utilizando una geometrfa de dispersion trasera es posib/e obtener espectros de /os pequeflos 
granu/os individua/mente. Se presentan referencias de espectros para los minerales de fosfato encontrados comunmente en cuevas. 

SUMMARY 

The Butler Cave - Sinking Creek System, Bath County, Virginia, contains a complex suite of elastic fills ranging from clays and 
fine silts to cobble and boulder in-fillings. Phosphate minerals occur within small veins in the elastic sediments, dispersed among 
the elastic grains, and rarely as wall coatings above the fill levels. Minerals identified include taranakite, crandallite, hydroxyapatite 
and possibly sasaite. Unlike most cavern phosphate minerals, these are not associated with guano or other organic material. All 
minerals are very fine-grained. Identification was by powder x-ray diffraction, scanning electron microscopy, and Raman spectroscopy. 
Raman spectroscopy is an inelastic light scattering experiment that measures the vibrational spectrum of the sample. By focusing 
the exciting laser beam through microscope optics and using a back-scattering geometry it is possible to obtain spectra on individual 
small grains. Reference spectra are presented for the phosphate minerals commonly found in caves. 
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RESUM 

Speleothems in lava tubes of the 1983 eruption at Mt. Etna 

R. Cristofolini, A Marino, G. Puglisi 
Jstituto di Scienze de/la Terra, Universita di Catania - Centro 
Speleo/ogico Etneo. 

Durant /'estiu i la tardor de/ 1984, varies visites als tubs de lava situats prop de Jes boques de /'erupci6 de /'Etna de/ 1983, 
van descobrir que gran quantitat d 'espeleotemes (estalagtites, estalagmites, crostes, etc.) es van formar en pocs mesas, mentre la 
periferia encara estava ca/enta. Quan es varen prendre Jes mostres es detectaren temperatures superiors als 50-0 C. 
Gracies a l'analfsi per XRD, hom va poder detectar la presencia de clorurs i sulfats (halita, silvinita, tenardita, aftita/ita) en la major 
part de Jes mostres. Aquests varen esser probablement dipositats pel fluxe de fluids molt calents, tant d 'origen meteoric com magmatic. 

RESUMEN 

Durante el verano y otofio de 1984, varias visitas en /os tubas de lava cerca de los orificios de la erupci6n de/ Etna de 1983 
descubrieron que abundantes espeleotemas (estalagtitas, estalagmitas, costras, etc.) se formaron en pocos meses, mientras la 
periferia estaba todavfa caliente. Cuando se tomaron muestras se detectaron temperaturas superiores a /os 50-° C. 
Cloruros y sulfatos (halita, silvinita, thenardita, aphthitalita) fueron detectados gracias al analisis por XRD en la mayor parte de las 
muestras. Fueron depositados probablemente por fluidos que circularon muy calientes tanto de origen mete6rico como magmati
co. 

SUMMARY 

During summer-autumn 1984 visits into lava tub.es next to the vents of the Etnean 1983 eruption (28/ 3-6/8/1983) showed that 
abundant speleothems (stalactites, stalagmites, encrustments, ecc.) formed in few months, while the environnement was still warm. 
When the samples were collected temperature were measured up to 5()' C. 
Chlorides and sulfates (halite, sylvite, thenardite, aphthitalite) were recognised by XRD analysis in most samples. They were probably 
deposited by hot circulating fluids either of meteoric or magmatic origin. 
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Discoveries of caves with unusual crystal forms in the Crimea Karst. 

Josef Wagner 

RESUM 

La zona carstica de Catyr Dag, a /es muntanyes de Crimea, abarca un total de 43 Km2. D 'aquesta zona es coneixen 136 coves 
i avencs la qua/ cosa representa /'fndex mes e/evat de carstificaci6 de Crimea (3,2 per Km2.). Va ser a/If on /'any 1970, a la coneguda 
cova d 'Emine-Bojir-Chasar, es va descobrir un nou sector anomenat Ermine-Bojir-Chasar-Nilnyj. 

Tot el sistema es va originar arran de la captura d'un riu superficial. La desaparici6 d 'algunes aportacions va originar una 
descarrega uniforme de /es aigi.ies subterranies, produi'nt-se una acumulaci6 de sediments meteoritzats i travertins. D 'aquesta manera, 
la cal7itat vt:i quedar dividida en un conjunt de galeries ai1/ades i inundades per Jes aigi.ies carstiques durant molt temps. 

Quasi totes /es formes secundaries, parets i sols estan recoberts d 'un nombre excepcional de formacions de ca/cita de diferents 
tipus. S6n particularment abundants /es druses cristarlines /es helictites (de mes de 80 cm.) i /es excentriques. 

RESUMEN 

La zona karstica de Catyr Dag en las montafias de Crimea, abarca 43 km2. en el/a se conocen 136 cuevas y simas, lo que 
representa el mayor fndice de karstificaci6n de Crimea (3,2 por 1 km2.). Fue a/If donde en 1970 en la conocida cueva Emine-Bojir-Chasar 
se descubri6 un nuevo sector 1/amado Emine-Bojir-Chasar-Nilnyj. 

Todo el sistema se origina a raiz de la captura de un rfo superficial. La desaparici6n de a/gunos aportes origin6 una descarga 
uniforme de las aguas subterraneas y produjo una acumu/aci6n de sedimentos meteorizados y travertinos. Asf la cavidad qued6 
dividida en un conjunto de galerfas aisladas inundadas par las aguas karsticas durante mucho tiempo. 

Casi todas las formas secundarias, paredes y sue/as estan recubiertos con un numero excepcional de formaciones de ca/cita 
de diferentes tipos. Son particularmente numerosas las drusas cristalinas, helictitas (por encima de BO cm. y excentricas). 

SUMMARY 

The Catyr Dag karstic area in the Crimean Mountains amounts 43 km2, 136 caves and chasms are known there, and represents 
the largest karsting created on the Crimea (3,2 per 1 km2). There in the famous cave Emine-Cojir-Chasar was discovered in 1970 
new part called Emine-Bojir-Chasar-Nilnyj. 
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The whole system arose as the result of a surface stream absorption. The extinction of some feeding sources caused the 
uniform outflow of the subterenean waters and brought about an accumulation of the sintered and weathered sediments. Thus the 
cave was divided into a row of isolated galleries flooded oft with karst water for long time. 

Almost all secondary forms, walls and floor are covered with unusual number of calcite forms of various kinds. There are here 
particularly numerous crystal druses, helictites (up to 80 cm) and eccentrits. 

The Crimea Karst is formed by a number of karstic plateaus 
dividing the Crimea Karst territory into two regions and seventeen 
karstic areas . The Crimea Karst is formed in a range of mountains 
stretching along the Black Sea coast. Its present appereance 
was conditioned by geologic and climatic processes in the Middle 
and Older Pliocene when the main ridge of the Crimea Mountains 
which was only slightly raised at that time began to rise. During 
that process the influence of the erosive activity of surface waters 
began to be highly intensive. Most atmospheric precipitations did 
not penetrate into the massif but formed springs and brooks 
cutt ing deep furrows and gorges into the plateau. Surface 
phenomena (sinkholes, ponors) did not exist at that stage. Later 
on the river network decomposed and large part of the karst 
waters penetrated underground where the intensive erosive 
activity continued and gradually the present surface relief has 
been formed on the plateaus. Today, the Crimea Karst forms 
several plateaus separated from each other by deep cut valleys 
through which numerous streams are flowing. The Demerdzi , the 
Karabi , the Aj-Petri , the Catyr-Dag and the Dolgorukovskoje 
plateau are the most famous of them. 

The Catyr-Dag Plateau 

The Catyr-Dag karstic area amounts to 43 km2 and lies at the 
boundary of the Catyr-Dag mountain massif. 136 caves and 
chasms are known there and represent the largest karsting 
created on the Crimea (3,2 per 1 km2). A greater part of them is 
formed by 20-25 m deep chasms. Caves of various types can be 
seen there as well as ponor chasms frequently creating water 
collecting systems. The caves and the larger systems are of the 
corrosive-erosive type and their distribution conforms to the 
original hydrographic network. The caves and chasms of the lower 
Catyr-Dag plateau are represented either by ponor systems (eg 
the Emine-Bojir-Chasar system), by active passage caves or karst 
spring caves (Ajanskaja Cave). 

The Catyr-Dag karst is formed on two plateaus. The Upper 
plateau lies at 1,500 m above sea level (with the highest point 
Angar Burun , 1,543 m), the Lower plateau is situated at the 
average height of 1,000 m. The geologic texture is complicated, 
it is composed of two layers. The upper layer consists of 
limestones arisen from sediments deposited on the bottom of 
warm seas in the Upper Jurassic Period. They are about 1,000 
m thick and lie on older Trias Layers of the Older Jurrasic Tavric 
series of sandstones and conglomerates. Owing to rock-forming 
processes , these limestone layers were broken into blocks which 
were exposed to further weathering and karsting . 

A number of caves is known in the central part of the erosive 
system of the Lower plateau, eg the Partisan Cave (320 m long), 
the Bim Bas Cave (110 m long), the Gugerdzin Cave (60 m long) 
and the Suuk Cave (210 m long). These caves are genetically 
connected with Chasm «Move by the Knight» (210 m deep) which 
was created by the collaps of the bottom of rather small sinkhole 
above the roof of the cave. In the lower part of the erosive system 
is the best known Catyr-D9g cave - the Emine-Bojir-Chasar Cave 
exceeding 2,400 m in length and 125 m in depth at present. The 
Catyr-Dag caves were already known to the first inhabitants of 
the Crimea which was proven by numerous archaelogical 
discoveries on the plateau and in the caves. In the Bim-Bas Cave 
(the Thousand headed Cave) a great number of human skeletons 
was found as evidence of the crimes of the wild raiders who 
drove hur.dreds of native Tartars into the cave and killed them 
by smoke and fire. Under the Catyr-Dag top the ruins of an old 

Greek Temple called Panagia were found which belonged to the 
sacred places of ancient nations. 

The Emine-Bojir-Chasar System 

The cave lies at the northern margin of the Lower plateau. 
The entrance is formed by a 20 m deep tumbling down chasm 
which passes into a stepwise descending extensive dome and 
continues by a small window situated approximately 15 m above 
the bottom into the old known parts. Nearly all the galleries formed 
at various levels lead to the nearby erosive incision of the Bijuk
Jankoj Dell and to the centre of the massif inthe SW direction . 
The same orientation has been encountered in many other 
localities of the massif, but similarly as in the Emine-Bojir-Chasar 
system their palaeographic and physiographic explanation is 
unknown. The whole system arose as the result of a surface 
stream absorption. The extinction of some feeding sources caused 
the impairment of the uniform outflow of the suberranean waters 
and brought about an accumulation of the sintered and weathered 
sediments. Thus the cave was divided into a row of isolated 
galleries . In the whole system there are many stalagmites and 
stalactites broken loose and cracked and whole large-sized 
columns tumbled down (-6 m dia., 6-20 m high) which are often 
covered by gravel-clay layers resulting from earthquakes which 
frequently influenced changes in hydrologic regimes observed in 
number of other Crimea caves. 

The Emine-Bojir-Chasar-Niinyj. 

This part of cave was discovered in 1970 and sealed by a 
concrete stopper. The entrance is formed by a small hole at the 
bottom of the entry dome of the system and passes over a short 
meander to a 10-m deep shaft connected with another chasm 
(12 m deep). A very narrow bend meander «Molnija» continues 
from the botton of this chasm and leads directly into a 40-m deep 
chasm. A short airy traverse situated approximately in one half 
of the shaft leads to a rocky gallery which continues to the middle 
storeys and to the extensive «Dome of Crystals». The columns 
of dripstones were so thick-set even in that dome that it was 
necessary to break through them holes to make further exploring 
possible. Very thick-set secondary decoration, mostly covered 
with numerous crystal forms of calcite and helictites is to be 
found in the middle storeys and especially in the «Dome of 
Crystals». Rich aggregates of calcite crystals of unusual length 
and abundance cover almost all the dripstone forms. In the lowest 
part of the «Dome of Crystals» is a small chasm (-15 m) leading 
to the «Dome of Ponors» with a thick layer of clayish filings. The 
cave continues by a tiny window under the roof of the dome 
through the gallery of «SinterLakes» extending for several hundred 
of meters where very thick-set dripstone forms and tufts of crystals 
can be seen again. The gallery widens and leads to the largest 
dome «Nocturne» (80 m long and 30 m high) where the richest 
crystal forms can be encountered. Long needle-like and stalky 
calcite crystals cover every-thing -the walls as well as the floor. 
Two galleries are leading from the «Nocturne»- the «Gallery of 
Freedom» and the «Milky Gallery» (500 m long) ending in the «Hall 
of Red Poppies». In this corridor the crystal druses are of unusual 
bouquet-like shapes resembling giant chrysanthemums. In the 
gallery of «Red Poppies» a window was discovered which led to 
the higher situated storeys ending in the dome «Twenty Years 
of the Simferopol Speleologic Section» with helictites of unusual 
length (up to 80 cm) and numerous crystal forms protruding from 
a lakelet (8 m dia.). 
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About the genesis of sphalerite stalactites from Silesian-Cracow Zn-Pb mine 
district. 

RESUM 

Paolo Forti (1 ), Jacek Motyka (2), Marek Szuwarzynsky (3) 
(1) lnstituto Italiano di Speleologia 
(2) Accademia de/le Scienze di Cracovia 
(3) Miniera di Trzebionka 

A /'interior de la Mina de Trzebionka es varen trobar estalactites d 'esfalerita, dins de petites cavitats ca.rstiques. La forma 
d 'aquestes estalactites suggereix un desenvo/upament en condicions vadoses, inc/us si durant el seu creixement no varen poder 
romandre per sabre de/ nive/1 frea.tic. 

En el present comunicat i partint de la descripci6 d 'aquests espe/eotemes singulars de Jes mines def districte de Silesis-Cracovia, 
s 'ha formulat una teoria que justifica la presencia de condicions vadoses molt per sota def nive/1 frea.tic . 

RESUMEN 

En el interior de la mina de Trzebionka se encontraron estalacticas de esfalerita dentro de pequenas cavidades karsticas: la 
forma de estas estalacticas sugiere un desarrollo en condiciones vadosas incluso si durante su crecimiento no pudieron estar por 
encima def nivel freatico. 

En el presente comunicado, partiendo de la descripci6n de estos espeleotemas fuera de lo corriente y de las condiciones 
hidrogeo/6gicas actuales dentro de las minas def distrito de Silesia-Cracovia, se ha sacado una teorfa que justifica la presencia de 
condiciones vadosas muy por debajo de/ nivel freatico. 

SUMMARY 

Inside the Trzebionka mine stalactites and stalagmites of sphalerite were found inside small karst cavities: the shape of these 
stalactites suggest a development in vadose conditions, even if during their growth they cannot be above the water table. 

In he present paper starting from the description of these unusual spe/eothems and from the actual hydrological conditions 
inside the mines of the Silesian-Cracow district, a genetica/ theory is put forth which justifies the presence of vadose conditions far 
below the watertab/e. 

Due to theer genesis and development, these spharerite formations have to be considered true cave minerals. 

Introduction 

Sulphides speleothems were reported from Zn-Pb ore deposits 
in carbonate rocks since the beginning of this century (BECK, 
1901 ). 

At the present galena, sphalerite and marcasite stalactites 
and flowstones are known from Eastern Alps (DI COLBERT ALDO 
& FERUGLIO, 1963; PERNA, 1972), from Mississippi Valley-type 
ore districts in the U.S.A. (MC KNIGHT & FISCHER, 1970), from 
Northern Africa(SUPERCHI 1970) and lastly from the Cracow
Silesian ore district (SOBCZYNSKY & SZUWARZYNSKY, 1975). 

Till now these formations have not been considered at all as 
secondary cave minerals (HILL & FORTI, 1986), but the detailed 
analysis of the sphalerite speleothems found in the Trzebionka 
mine in the Cracow-Silesian mine district (see fig . 1) allow to 
state that they are true cave formations , developed in vadose 
conditions inside small karst cavities . 

In the present paper starting from the description of these 
unusual speleothems and from the actual hydrological conditions 
inside the mines of the Silesian-Cracow district , a genetical theory 
is put forth which justifies the existence of vadose conditions far 
below the watertable. 

The Speleothems 

The Silesian-Cracow Zn-Pb mining district is one of the 
greatest in the world and is situated on the southern edge of 
the epi-Variscian platform in the proximity of the Carpathian 
orogen . Ore bodies occur mostly in the Middle Triassic sediments . 
They closely resemble Mississippi valley-type mineralizations 
(BOGACZ ET al. , 1970; DZULINSKI & SASS-GUSTKIEWICZ, 1980). 

In post-Jurassic ages only small supergenic ore concentrations 
are developed (BOGACZ et al. 1973; PANEK & SZUWARZYNSKI , 
1979). 

The speleothems are buidt up by sphalerite or marcasite often 
accompanied by galena. Geochemical analyses carried out on 

the formations in the Trzebionka mine (MANECKI et al. , 1984) 
fixed their origin in the Tertiary: 

The speleothems, beside the difference in chemical 
composition , can be divided in two different cathegories with 
respect to their shape and crystall ine structure: 

1. The speleothems with very small crystal structure, 
completely composed by sulfides: these are common in all the 
mine district, from 60 to 250m below the surface 

2. Sphalerite speleothems, with a large crystalline structure 
and inside layers of calcium carbonate (mainly calcite , but also 
aragonite) . 
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These formations have been found only in the Trzebionka 
mine from 200 to 250 m below the surface. 
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Fig. 1 Geological sceth of the Silesian-Cracow Zn-Pb mine distric: 1. Carboniferous. 
2. Trias; 3. boundary of the district; 4. occurence of sulphide speleothems 



The shape of the first type of formations consist normally of 
anthodites (similar to the normal aragonitic ones) up to 17 mm 
long and 3-4 mm thick in which the sulphides acycular crystals 
(commonly marcasite but also sphalerite and rarely galena) are 
very thin and elonged . Bothryoidal stalactites and coralloids are 
also known . The growing mechanisms for these formations seems 
to be due to the seeping mineralized fluids inside the voids 
opened by karst processes in the horst rock . 

They are surely phreatic formations and due to the dimensions 
of the voids in which are developped can 't be considered 
speleothems or cave minerals; moreover, their genesis seems to 
be equal to that of he other known similar formations found in 
the other parts of the world . 

The second type of concretions, found only in the Trzebionka 
mine, is more interesting because their shapes strongly suggest 
vadose, and therefore karst , origin . 

They were found normally in small bell shaped cavities at the 
contact between pelitc dolomite (the ceiling and the walls of the 
cave) and ore bearing dolomite (the cave floor) (see fig . 2) . 
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Fig. 2 Genet,cal steps for the karst cav,t,es and the sphalerite speleothems inside 
the Trzeb1onka mine: explanation ,n text. 

These caves had an hydrothermal genesis during the period 
of the deposition of the ore bodies, with the formation of collapse 
breccias and karst tubes along joints, but the major part of their 
development followed the ore formation (DZULINSKI & KUBICZ, 
1971 ; DZULINSKI & SASS GUSTKIEWICZ, 1980). Therefore the 
stalactites and the other sphalerite formations were generated 
by remobilization processes. 

These speleothems were described in detail by SOBCZYNSKI 
and SZUWARZYNSKI (1975) and are common in the largest karst 
cavities (up to 6 m long , 3 m wide, 1 m high) 200-250 m below 
the surface. The stalactites and the soda straws may reach a 
length of over 65 mm with an internal (feeding) hole of about 5-6 
mm. In some cases also deflected stalactites (helic tites) with a 
capillar of 1 mm or less have been noticed. 

The internal structure of the stalactites consists of some layers, 
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up to 1-2 mm thick, of ligth brown sphalerite whose crystals are 
elonged perpendicularly to the surface of the In between the 
sphalerite layers often there are very thin films of calcite or, more 
rarely, of aragonite: these films sometimes show an internal 
layered structure. Larger calcite crystals normally cover the walls 
of the internal feeding hole. 

The floor of the cavities is normally covered by a sphalerite 
flowstone 10-15 mm thick with inside fragments of brocken 
stalactites. 

Sphalerite stalagmites are rarer and always they have been 
found just under stalactites. They may reach an high of over 40 
mm and their internal shape is coherent with that of the upper 
speleothems consisting of large layers of sphalerite sometimes 
alternated with thin films of calcite. 

In the same area of the Trzebionka mine in which the second 
type of sphalerite speleothems have been observed , there are 
also smithsonite, hydrozincite, hemimorfite and barite spleothems, 
which have been never found in the other places of the Silesian
Cracow mine district, where the first type of sulphides formations 
can be observed. 

Discussion 

All the characteristic of the sphalerite speleothems in the 
Trzebionka mine strongly suggest a vadose genesis for them: 
the fact to be due to remobilization processes; the shape of the 
stalactites and of the soda straws; the presence of stalagmites 
just under the stalactites; the carbonate films in between the 
sphalerite layers; the presence in the same area of the mine and 
restricted to it of minerals like smithsonite, hemimorfite and 
hydrozincite forming speleothems surely of vadose origin. 

But these evidencies hit with the fact that the karst cavities 
were far below the sea level during the development of the 
speleothems. 

In order to solve the problem of the genesis of the sphalerite 
speleothems of the Trzebionka mine it was necessary to 
demonstrate the possibility that gas filled voids may exist inside 
the carbonate formations of the Trzeblionka mine also far below 
the water table . 

The genetical steps we suggest are explained in the sceth 
in fig . 2 and can be synthetized as: 

I. During the Tertiary the uplift of thermal mineralized waters 
caused the main ore formations and the beginning of the karst 
processes in phreatic conditions, which essentially lead to the 
widening of joints in between pelitic and ore bearing dolomite 
with the genesis of small voids with collapse breccia on the floor. 

II. At the end of the mineralization processes a shallow 
emergence took place so that at least part of the karst cavities 
may develop in vadose conditions reaching larger dimensions 
and becoming bell shaped , essentially due to breakdown 
phenomena. 

Ill. When a new sink restored general phreatic conditions, the 
bell shaped voids became gas traps, due to their shape and the 
lithologic properties of the pelitic dolomites, so allowing the 
presence of small vadose areas deep inside the carbonate 
formations . In this period , a partial remobilization of the ore 
deposits lead to mineralized fluids , which , reaching the karst 
cavities and dripping inside them , gave rise to the sphalerite 
stalactites and stalagmites. 

During the deposition process the chemical behaviour of the 
dripping waters changed several times thus allowing the 
deposition of the calcite (or aragonite) films in between the 
sphalerite layers 

IV. At the end of the speleothems deposition the karst cavities 
become fossils and in most cases were flooded by ,cnormal» 
waters, but karst processes cannot go on due to the sphalerite 
flowstones and crusts which preserved the most part of the 
cavities from corrosion , saving them till nowaday. 

To prove the validity of the just outlined genetical schema 
was necessary to find gas traps evidencies at the depth in which 
the sphalerite speleothems have been found in the Trzebionka 
mine. 
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Conclusion 

The analyses of the growing steps of the karst cavities inside 
the Trzebionka mine and of the related peculiar sphalerite 
stalactites and stalagmites allow to state that these speleothems 
developed via dripping solution in vadose conditions inside 
cavities whose dimensions are sufficient to call them caves . 
Moreover, the presence of the layers of calcite and/ or aragonite 
in both stalactites and stalamites indicates that , during the 
spleothems growth , «normal depositional» ..;onditions have been , 
time by time, acheived by the dripping waters . 

Lastly , this is the first time in which all the conditions are 
fitted in order to consider the sphalerite speleothems as true 
cave minerals 
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Fig. 3 Olkusz mine. upper: wa ter flow ra tes from level 238 (1); level 251 (2), and 
total flow (3). Lower: A. the situa tion before the digging of the gallery at 251 level; 
B the eruption of gas when the 251 gallery came in contact with the karst cavity; 
C. the stabilized slfuation with water spring both at 251 and 238 levels 

A fi rst indirect proof of it was acheived in the mine of Olkusz 
(see fig . 3), where in 1967 at the level 238 a.s.l. a gallery reached 
a karst cavity about 0.5 m in diameter from which a water inlet 
of 37 cubic meters/min. was measured. In 1968 during the digging 
of a gallery at the level 251 a.s.l. a breccia was intersected from 
which an extremely large amount of gas came out and in the 
mean time the water flow rate at the 238 level went down. After 
few hours from the breccia begun to flow water at a rate of about 
0.7 cubic meter/min. The interpretation of the phenomenon can 
be easily given as in the lower part of fig .3, thus confirming the 
presence of gas traps inside the ore bodies of the region . 

But a definitive evidence was obtained in the Trzebionka mine 
during 1983 where drilling a borehole just in the area of the 
sphalerite stalactites a cave was intersected from which a large 
amount of a gas with a noticeable CO2 content (up to 20 %) 
became to come out. As in the case of the Olkusz mine, after 
few hours of gas eruption , water sprang flowing at 0.3 cubic 
meters/min. 

Going on with the mining activities the cave was reached and 
inside it some small sphalerite speleothems were found . 
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Humic substances in speleothem matrix - Paleoclimatic significance 
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Sovint els espe/eotemes tenen unes franges que van de/ marr6 al negre, degudes a la contaminaci6 per materia organica, a 
/'interior de la matriu de ca/cita. De diverses mostres pulveritzades es van extreure els acids humics i fluvics, mitjan9ant hidroxid 
sodic i acid clorhfdric. Les mostres purificades presentaven una composici6 similar i espectres d'infrarojos identics a Jes preparacions 
humiques autentiques i als valors de la bibliografia. La degradaci6 oxidativa, la permetilaci6 i el GLC van produir petites quantitats 
de derivats de /'acid p-hidroxibenzoic, vanflic i sirurgic. Totes aquestes propietats ens demostren que el color marr6 d'alguns 
espe/eotemes es degut als acids humic i fluvic, que asso/eixen la cavitat, procedents de/s sols superficials, per percolaci6 de f'aigua. 
Els components humics son, per tant, mostres excepcionals de/s sols superficials i de /'edat de/s espeleotemes. Aixo obre noves 
perspectives en J'estudi de/ pa/eoc/ima a partir de dades d 'espe/eotemes. 

RESUMEN 

A menudo /os espe/eotemas tienen unas vetas que van de/ marr6n al negro, debidas a la contaminaci6n por materia organica 
dentro de la matriz de calcita. De muestras trituradas fueron extrafdos /os acidos humicos y fluvicos usando hidr6xido s6dico y 
acido clorhfdrico. Las muestras purificadas mostraban una composici6n elemental similar y espectros de infrarrojos como las autenticas 
preparaciones humicas y valores de la bibliograffa. La degradaci6n oxidativa, «permethylation» y GLC produjeron pequefias cantidades 
de derivados de/ acido p-hidroxibenzoico, vanflico y sirurgico. Todas estas propiedades demuestran que el color marr6n de ciertos 
espe/eotemas es debido a los verdaderos acidos humico y f/uvico que 1/egan a/rededor de la cavidad de /os suelos superficia/es, 
por la percolaci6n de/ agua. Los componentes humicos son por esto, muestras unicas de /os sue/os superficia/es y de la edad de 
/os espeleotemas. Esto abre un nuevo potencial para el pa/eoclima a partir de datos de espe/eotemas. 

SUMMARY 

Speleothems often show brown to black banding due to contamination of organic matter within the calcite matrix. Humic and 
tu/vie acids were extracted from crushed samples using sodium hydroxide and hydrochloric acid. Purified samples exhibited similar 
elemental composition and infrared spectra as authentic humic preparations and literature values. Oxidative degradation, permethylation 
and GLC separation yielded small amounts of p-hidroxybenzoic, vanil/ic and syringic acid derivatives. All these properties prove that 
the brown colour of certain speleothems is due to true humic and tu/vie acids brought into the cave environment from surficial soils 
by the percolation water. The humic compounds are therefore unique samples of the surface soils at the time of speleothem 
deposition. This opens new potential for paleoclimatic inference from spe/eothem dates. 

Introduction 

Speleothems have proved to be important chronostratigraphic 
markers with implications for geomorphologi, climatology, 
paleontology and archeology. The main reason for this is, that 
they possess an unique dating potential through the last 350 ka 
by the U-series techniques. All additional information that can be 
related to speleothem deposits is therefore potentially important. 
This report presents such information from organic matter 
enclosed within the calcite matrix (Lauritzen 1983). 

4.1 Organic matter in speleothem. 

Brown colour have long been attributed to impurities within the 
calcite matrix . Analysis revealed only slight correlation between 
colour and iron content (Vytras 1973, 1975, Gascoyne 1977). 
Brown samples also foam upon acid digestion and produce low 
chemical yields in U-series dating procedures (Gascoyne 1979). 
These effects were subscribed to possible humic contamination 
(Bakalowicz , 1983) 

4.2 Samples 

Five samples of speleothem were selected from different 
climatic regions, ranging from arctic (Northwest Territories) to the 
tropics (Puerto Rico) , Table I. They had previously been dated 
by U-series methods, and were selected for their brown to 
blackish-brown colours . The northern samples displayed the 
darkest colours . 
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TABLE I 

Speleothem samples, origin, humic content and radiometric age. 

Sample Province Colour Min. detr1. HA1 FA1 age, ka 

EC Alberta Dark Brown 7 800 44.1 196 > 720 
JC S.Dakota Dark Brown 235 (30.1) (15.9) >350 

69001 Nahanni Black-brown 1826 287 82 >350 
720305 Nahanni Dark Brown 50 (0.1) 

S2 V. Wiginia Brown 31750 105 1.707 
PR1 Puerto Rico Light Brown 33600 <2 825 

1 Determined gravimetrically, all values in ppm. Numbers in parenthesis uncorrected 
for ash content. 

4.3 Analytical techniques. 

Crushed samples were digested and fractionated according 
to the flow-chart in figure 1. Alternatively, the acid extracts were 
desalted through dialysis against water through cellophane 
membranes (cutoff at MW = 12 000) , yielding fulvic acids (FA) 
for combustion and spectroscopic analysis directly. Yields were 
determined gravimetrically, although an UV-based technique may 
allow detailed stratigraphic work on the micro-escale in the future. 

4.4 Results 

The preparative amounts of HA and FA isolated, had a 
relatively high ash content, probably from Fe and Al hydroxydes. 
This could be reduced through repeated precipitation steps, but 
with considerable losses of material. Elemental compositions are 
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not absolute, only comparable with respect to C/N and C/S ratios . 
These were in accordance with published ratios for soil HA and 
FA (Stevenson 1982, Kononova 1966). Infrared spectra were taken 
in KBr tablets on a Nicolet FT-IA instrument. Two such spectra 
are shown in Figure 2. 

Chemical behaviour, elemental ratios and infrared 
characteristics all accord well with literature values for soil derived 
HA and Fa (Stevenson 1982). Similar analyses of authentic 
preparations of HA and FA from campus soil, West Virginia 
chernozem and arctic bog humus gave very similar results. We 
therefore take this as sufficient proofs for that the preparations 
are true HA and FA, indistinguishable from soil derived matter. 

Moreover, there were strong , positive correlations between 
both HA and FA with inorganic detrital content, even for the very 
wide geographical sample distribution. Such association may 
reflect that HA and FA are generally transported in solid phase, 
adsorbed onto detrital components, like vadose silt. 

Attempts of permethylation (Me2 SOJNaOH), followed by 
oxidative degradation (KMnOJNaOH) and GLC analysis did 
produce volatiles in some abundance, but only minor amounts 
could be ascribed to derivatives of hydroxybenzoic acids. Such 
derivatives are believed to characterise HA and FA from different 
soil and vegetation types. A reason for this is the unusually small 
amounts of available starting material (0.001 of the amount 
reported in literature), combined with generally low yields reported 
for this procedure (Stevenson 1982). 

One HA and Fa samples were combusted with CuO in vacuo 
and analysed for carbon isotopes. The two FA's were rather 
similar (n-25 °loo 6013 C PDB), whilst the HA were isotopically 
lighter (-28.4 °loo). Such trends may give important information, 
but lack of material was again a limiting factor. 

Ether extracts of the acid solution (Figure 1 ), yielded 
considerable amounts of volatiles, as analysed by GLC, Figure 

EC 
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J~~,~\,I 
"'-. ~ " 

J. l L I ii ll ..A.JI, 
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Figure 2. Infrared spectra of humic and tu/vie acid extracted from spe/eothem Figure 3. Volatiles from speleothem EC, methylene chloride extract and GLC 
sample 69001 . KBr tablests. analysis. 
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3. Possible contaminants , such as stopcok grease, has been 
excluded , and further identification (GLC/MS) is in progress. Such 
volatiles are surprising, but may become important for 
fingerprinting in speleothem stratigraphy. 

Conclusions 

Coloured speleothems may contain up to 2000 ppm organics, 
positively identified as HA and Fa, chemically and 
spectroscopically indistinguishable from soil derived matter. 
Considerable research potential still remain with respect to the 
composition and distribution of these compounds, particularly 
when the analytical techniques become refined for micro-scale 
work. 
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Estudi d'un niu amb oolits pisolits, de la Cueva de la Lastrilla, Cantabria. 

Llufs Auroux 
Grup Espeleologic Congres, Barcelona 

RESUM 
Estudi de /es caracterfstiques ffsiques d 'un niu i de/ seu contingut de oolits i piso/its. S'analitzen detingudament els aspectes 

morfo/ogics i ffsics dels exemplars, amb descripci6 de/ niu, repartiment de/ material, granulometria, pes i nombre de peces per 
fracci6, nuclis, relaci6 entre /es fraccions, densitats, textures i origen de/s nuclis. 

RESUMEN 

Estudio de las caracterfsticas ffsicas de un nido y de su contenido de oo/itos y pis6/itos. Se analizan detenidamente /os aspectos 
morfo/6gicos y ffsicos de los ejemplares, con descripci6n de/ nido, reparto de/ material, granulometria, peso y numero de piezas por 
fracci6n, nuc/eos, re/aci6n entre fracciones, densidades, texturas i origen de los nucleos. 

RESUME 
Etude des caracteristiques physiques d 'un nid et de son contenu d'oolites et de pisolites. On realise /'analysis des aspects 

morphologiques et physiques des exemplaires, avec description du nid, distribution du materiel, granulometrie, poids et nombre des 
pieces par rapport aux diametres, noyaux, relation entre /es fractions, densites, textures et origine des noyaux. 

Situaci6 del niu: Dins la Cueva de la Lastrilla, cavitat de 6.400 
m de recorregut i 106 de desnivell ascendent, desenvolupada en 
un sinclinal de calcaries del Aptia-Albia, que es troba al Barrio 
de Sangazo de Samano, a prop de Castro-Urdiales, Cantabria. 

El niu esta situat sobre una terrassa formada per fina sorra 
que el riu que circula per la cavitat ha sedimentat a un costat 
de la galeria. La zona motiu del treball, es troba recoberta per 
una capa de concreci6 d'uns 40 m2. 

Niu : Depressi6 en forma d 'embut, oberta pel goteig que cau 
des de 5m d'al9ada sobre la capa de concreci6. Boca regularment 
ovalada, amb eixos de 100 x 120 mm i fondaria 55 mm. Total
ment pie per o6Iits i pis6Iits , inclus sobresortint del nivell del sol. 
Els voltans del niu son grups estalagmitics i una gran quantitat 
de o6Iits i pis6Iits que recobreixen una amplia zona d'un metre 
de diametre amb gruixos de perles que arriben als 50 mm en 
alguns llocs. 

Estratificaci6 dins del niu: El repartiment es per capes en 
relaci6 al diametre de les perles - Fig 1-. Al fons les mes petites 
junt amb sorra molt fina. Cap a la superficie, van augmentant de 
diametre. 

Granulometria: la distribuci6 es molt regular entre les fraccions 
mes petites i 1 mm, aixi com entre 3,2 i 7 mm 1- , aquests ultims 

A 

0 s 10 20 

Fig. 1. Oistribuci6 de /es fraccions dins el niu. 
A- Repartiment fisic. 
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8 - Repartiment proporcional al volum de cada fracci6. 

en funci6 quasi lineal. El pes del reompliment sec es de 249,87g. 
(MASRIERA, A., ULLASTRE, J. 1975.- AUROUX, LI. 1978.).- Fig.2 

S'observa una acusada manca de material entre les fraccions 

7 

B 
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Fig. 2. Distribuci6 granulometrica acumulativa de/ reompliment d 'oolits i pisolits de/ 
niu. 

I i 3,2. El 50 % del pes correspon al .l 0,9. El 25 % al 0,55. El 
75 % al 0,4. 

Exemplar d'eix maxim, 12x 8,5 x 4,6 mm, pes 0,60 g , aplanat. 
irregular, de textura pulida mat. 

Exemplar de pes maxim, 0,73 g, eixos 9,5 x 8,7 x 7,4 mm, 
subesferic, pulit mat. 

Nombre d'exemplars: En total n'hi han 495.000 entre oolits i 
pisolits -Fig . 3-. Les fraccions 4, 5, 6 i 7 s'han comptat tots els 
pisolits . Per les fraccions inferiors, s'ha calculat aixf: Es mesura 
el velum parcial de cada fracci6 i es compten els exemplars d'un 
velum considerat com a patr6, variable segons les fraccions , aixf 
per la malla de 0 0,5 el velum comptat es de 0,5 cc; per la de 
0,65 es 1 cc ; per la de 1,00 son 4 cc i per 2 i 3 es compten 3 
cc. En tots els cases s'ha de procurar que la densitat de compac
taci6 .es mantigui constant en omplir el velum patr6. La tolerancia 
de calcul pot ser estimada en 10 % dins de la fracci6 0,2, doncs 
el calcul en aquest cas ha estat fet partint d 'una esfera de 0 0,36 
mm i que correspon a la mitjana de velum entre les dues fraccions 
consecutives 0,2 i 0,5 de malla. En fraccions molt petites el 
recompte d 'oolits i la mesura del velum patr6, possiblement resul
taria amb un error superior al del proces utilitzat. 

Pes d'un exemplar de cada fracci6: Conegut el nombre de 
o6Iits-pis6Iits per fracci6 i el pes corresponent, es calculen els 
pesos unitaris. Ha resultat una funci6 regular -Fig . 4-, el que 
indica que les densitat de reompliment i les formes geometriques 
de les perles s6n molt constans. Taula de pesos per fracci6' : 

Malla 0,2 pes en g 0,000067 , Malla 3 pes en g 0,057, Malla 
0,55 pes en g 0,00028, Malla 4 pes en g 0, 11 , Malla 0,65 pes en 
g 0,0010, Malla 5 pes en g 0,24, Malla 1,00 pes en g 0,0032 Malla 
6 pes en g 0,36, Malla 2,00 pes en g 0,014, Malla 7 pes en g 0,61 

Eixos (en mm) 
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Fig. 3. Grafic de/ numero de exemplars per cada fracci6 
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Fig. 4. Grafic corresponent al pes d 'un oolit o pisolit dins de cada fracci6. 

Nuclis: Es interesant coneixer quin tipus de nuclis originen 
els oolits, aixf com si existeix relaci6 entre la fracci6 i la mida del 
nucli. Per obtenir els nuclis intactes, es dissolen els oolits en CIH, 
el problema esta en el cas de que els nuclis siguin calcaris , pero 
abans ja s'havien fet proves i sols en la fracci6 0,20 n'hi havien 
d 'aquest tipus; en les altres malles, tots els nuclis han sigut 
reconeguts . Els resultats s6n : 

% de nuclis N.0 de pe~es 
Fracci6 dels nuclis Cristal! Aglomerat Altres atacades 

Maxim Minim silicic silicic 

0,20 0,50 0,10 60 30 10 60 

0,50 0,70 0,20 66 34 - 50 

0,70 1, 10 0,30 40 t>8 2 54 

1,00 1,35 0,30 18 72 10 50 

0.1,8 + 2,3 
de fracci6 1,30 0,30 28 48 24 25 

1,00 
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0,20 0,50 

I Densitat aparent 2,56 2,53 

I Densitat real 2,60 2,59 

Les mides dels nuclis es mantenen iguals a la fracci6 1,00 
fins a perles amb eixos de 5 mm, pero a partir d 'aqui, sobtadament 
passen a tenir nuclis de 3 i 4 mm 0. Aixo indica que els oolits 
van creixent pero, ja dins la categoria de pisolits , cap ha crescut 
mes de la fracci6 4, o sigui , eixos de 5 mm. 

Un exemplar de la fracci6 7, te el nucli format per un aglomerat 
de oolits de diametres compresos entre 0, 15 i 1,20 mm. 

Correspondencia entre mida del nucli i mida exterior: 
Dins de cada fracci6 , els nuclis s6n de mides diverses, si be 

la proporci6 es semblant; 1 :5 en la fracci6 0,20 i 1: 3,5 en les 
fraccions 0,50 i 1,00. A mida que !'exemplar es mes gran, en 
proporci6 el nucli tambe ho es. 

De la fracci6 1,00 es trien 25 perles amb els eixos maxims 
compresos entre 1,80 i 2,30 mm per tal de coneixer millor la 
frontera dels 2 mm, on acaben els oolits i comencen els pisolits. 
Com a eixos dels nuclis (veure el quadrant anterior), es mantenen 
els valors de la fracci6 1,00 que es d 'on s'han escollit, pero varia 
la proporci6 dels materials del nuclis, el que indica que aquest 
repartiment pot esser variable i a mes no guarda relaci6 en cap 
fracci6. 

Origen dels nuclis: 
Per tal de saber la procedencia dels nuclis, es comparen amb 

la sorra sedimentada pels voltans de la terrassa, comprobant que 
tenen les mateixes caracteristiques de composici6, tant en granu
lometria com en textura dels grans. Per coneixer la procedencia 
de la sorra, es recullen porcions de pedra de les parets i s'ataquen 
amb CIH. Observant els restes insolubles, es comproba que els 
cristalls silicics i d'altres compostos, s6n de la mateixa composici6 
i fracci6 de la sorra (MASRIERA, A., ULLASTRE, J. 1975.- AU
ROUX, L 1. , 1978), per tant, es pot dir que la sedimentaci6 es 
provinent de la dissoluci6 de la roca mare. 

Densitats: Es mesuren les densitats aparents de les fraccions 
mes representatives amb balanc;:a hidrostatica. En altres treballs 
ja es parla de densitats de pisolits (ULLASTRE, J., MASRIERA, 
A. 1973.- AUROUX L1. 1982 I 1985) pero en aquest cas s'ha 
treballat inch.'.Js amb oolits, doncs no eren coneguts en aquest 
aspecte. La mesura s'ha fet per pesada conjunta de nombrosos 
exemplars, especialment en les fraccions mes petites, per tant, 
els valors s6n la mitjana de totes les peces. 

Els valors s6n molt constans, doncs sols varien un 5,3 % en 
les densitats aparents i un 5,2 % en les reals. 

lnfiltraci6: El volum de la forma geometrica del niu es 180 cc 
i la suma dels volums parcials de les fraccions es 195 cc, per 
tant 15 cc de les fraccions mes petites es troben intercalades 
en les altres de mes diametre. La infiltraci6 es del 8,33 %. 

Morfologia dels oolits: 
La mida mes petita de oolits, correspon a eixos de 0,15 mm, 

si be s6n molt escasos. Els eixos de 0,20 mm s6n ja nombro
sos. 

Les formes s6n esferiques, alguns allargats pero sempre molt 
regulars . Tant sols dos oolits, de la fracci6 0,20, s'han trobat 
soldats entre si, tots els demes absolutament lliures. 

Textures: 
-Microaciculats. Es troben en totes les fraccions. N'hi ha de 

dos tipus; amb cristalls de cares llises i amb els cristalls recoberts 
de petits granets que a mida van creixent, transformen la textura 
en botrioidal. 

-Botricoidals microaciculats. Es troben en totes les frac
cions. 

-Llisos. Es comencen a trobar a partir de la fracci6 1,00 be 
siguin mats o brillants. La majoria s6n mats. A partir de la fraccci6 
2,00 alguns pisolits presenten empremtes alveolars d'abrasi6. 

Es troben textures intermitges de dificil separaci6, per exem
ple, els microaciculats es van recobrint de petits granets per les 
cares dels cristalls , tornant-se botricoidals, pero aquesta evoluci6 

Fracci6 
1,00 2,00 4,00 7,00 

,2,50 2,50 2,53 2,43 

2,58 2,54 2,57 2,47 
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no es fa de sobte sin6 a traves de molts estadis . Els microaciculats 
estan sotmesos a un proces de rodadura i per abrasi6 s'arrodo
neixen els vertexs dels cristalls fins a tornar-se llisos, pero tambe 
hi ha estadis intermitjos indefinits. 

Evoluci6 dels oolits: 
Les linies d'evoluci6 dels oolits es representen en la Fiq . 5. 

>1 
Fig. 5. Linia evolutiva dels oolits en el niu. 

1- Oolits incipients, aspecte microaciculat. 
1-1- Per rodadura es desgasten els vertex, pero es mantenen 

intactes les concavitats . 
2- Per acreci6 es recobreixen els cristalls de petits granets, 

que no arriben a modificar la textura microaciculada. 
2-1- Per rodadura segueixen el mateix cami que 1-1 , es des

gasten les arestes i resten intactes les altres zones. 
- Tan els 1-1 com els 2 i els 2-1 , poden evolucionar cap a la 

forma botricoidal microaciculada. L'unica transformaci6 dubtosa 
es la de 1-1 cap a 3, si be tambe es logica. 

4- Tant 1-1 com 2-1, en continuar la rodadura acaben perdent 
del tot els vertexs i resten esferiques amb estries, netes o granulo
ses, segons provinguin de 1-1 o 2-1 respectivament. 

5- En continuar el desgast, desapareixen les estries i l'oolit 
adquireix una superficie pulida regular. 

5-1- Si la rodadura es molt intensa, adquireixen la textura 
brillant, si be pot tornar a la forma 5 en cas de que el creixement 
predomini sobre el desgast. 

AGRAfMENT. Agraeixo la col ·laboraci6 de AMES S.A per fer 
la granulometria i als senyors Juan Tomas Molinero, Gemma Albe
rich i Sebastia Macia per la recollida de mostres a la cavitat. 
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Air temperature investigations in Vass lmre cave, J6svaf6, Northeastern 
Hungary 

RESUM 

Miklos Gadoros 
Budapest, Hungary 

Des def 1963 s 'han estat efectuant estimacions sistematiques de la temperatura de J'aire de la cova de Vass /mre. 
La temperatura mitjana mes en/la de la zona freda de J'entrada s 'incrementava de manera constant. L 'extensi6 de la lfnea recta 

que representa la temperatura mitjana a traves de la zona freda, ens mostra la temperatura mitjana exterior de la cova, com si la 
zona freda no existfs en absolut. 

No podem considerar la temperatura mitjana de la cavitat com a dada fiab/e, doncs dependra de/ /Joe on es prengui el valor 
de la temperatura. 

La sensibilitat de/s termometres (0,01 °C) va permetre J'observaci6 de la variaci6 anual de temperatures tambe a /'interior de la 
cavitat, on la fluctuaci6 absoluta fou inferior a 1 °C. 

Es va observar tambe que Jes corbes de variaci6 anua/ son semblants a la zona freda i a la zona interna de la cavitat. 

RESUMEN 

Oesde 1963 se han venido efectuando mediciones sistematicas de la temperatura de/ aire en la cueva Vass /mre. 
La temperatura media mas al/a de la zona frfa de la entrada se incrementaba de modo constante. La extension de la lfnea 

recta, representando la temperatura media a traves de la zona frfa, muestra la temperatura media exterior en la entrada de la cueva, 
como si la zona frfa no existiera en absoluto. • 

No consideramos la temperatura media de la cavidad como dato fiable debido a la dependencia de/ /ugar de la temperatura media. 
La sensibilidad de Jos term6metros (0.01° C), permiti6 la observaci6n de la variaci6n anual de temperaturas tambien en el interior 

de la cavidad, donde la f/uctuaci6n abso/uta fue inferior a 1 °C. 
Se encontr6 que las curvas de variaci6n anua/ son similares en la zona frfa y en la zona interior de la cavidad. 

SUMMARY 

Systematic air temperature measurements have been made in Vass lmre cave since 1963. 
Mean temperature beyond the entrance cold zone was found to steadily increase. Extension of the straight line depicting mean 

temperature trough the cold zone shows outside mean temperature at the entrance of the cave, as if the cold zone did not exist 
at all. 

Owing to the site dependence of the mean temperature, we do not consider «cave mean temperature11 as reliable data. 
Sensitivity of the thermometers /0.01 °C/ allowed observation of the annual variation of temperature also inside the cave where 

absolute range was lower than 1 °C. We found that the curves of annual variation are similar in the cold zone and in the interior of 
the cave. 

Introduction 

Systematic temperature measurements have been made in 
Vass lmre cave since 1963. Near the entrance, standard meteoro
logical thermometers, occasionally supplemented with thermo
graphs have been used and inside the cave Beckman thermome
ters with 0.01 °C calibration have been applied . The system of 
thermometers has been mounted on stands /Gadoros 1969/. 

Annual mean temperature along the cave 

Annual mean temperature beyond the entrance cold zone was 
found to steadily increase. It is remarkable that extension of the 
straight line depicting mean temperature trough the cold zone 
shows outside mean temperature at the entrance of the cave, 
as if the cold zone did not exist at all. 
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In order to control the surprising results attained, we analyzed 
the data measured by Fodor, 1981, in Abaliget cave, Southern 
Hungary. The analysis gave identical results, with different absolu
te values, naturally /8.8 oC in J6svaf6 and 10.4 °C in Abaliget/. 
The two temperature curves are presented in Figure 1. 

It should be noted that owing to the the site dependence of 
the mean temperature, we do not consider «cave mean temperatu
re» as reliable data. The value is also dependent on the known 
or studied lenght of the cawe, thus it is not an unambiguous 
climate parameter. 

Annual variation of the temperature 

Sensitivity of the thermometers allowed observation of the 
annual variation also inside the cave where absolute range vas 
lower than 1 °C. Moving into the interior of the cave, we found 
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Figure 1. Annual mean temperature of cave air. 
Ta - annual mean temperature outside 
T0 - theoretical mean temperature at the entrance 
I - distance from the entrance in m 
t - temperature in °c 
/•Abaliget» From Fodor 's, 1981, data/ 
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that mean temperature increases, annual range decreases and 
minimun values appear at a later point of time. In spite of the 
substancial decrease in variance, on the other hand, the curves 
of annual variance are similar in the cold zone and in the interior 
of the cave, but significantly differ from the curve of outside 
annual temperature variation. For comparison , in Figure 2 we 
present in normalized form four curves showing outside tempera
ture, soil temperature at 2 m level, cave air temperature 25 m 
and 200 m from the entrance. The marked similarity between the 
two cave curves can be well observed. 

In our opinion, characteristic cave temperature variation, as 
well as the existence of the cold zone is mainly due to cave wind 
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Figure 2. Annual variations 
a - J6svafo, Karst Research Stat., air 
b - J6svafo, Karst Research stat., soil at -2 m 
c - Vass lmre cave, 25 m from entrance 
d - Vass lmre cave, 200 m from entrance 
r - normalized value of temperature 
TE - annual mean temperature 
TH mx - maximal monthly mean temperature 
T Kmn - minmal monthly mean temperature 
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blowing outwards in summer and inwards in winter, generated 
by the difference between constant rock temperature and variable 
outside temperatures /chimney effect/. 
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Radon Concentrations in Some Italian Caves 

RESUM 

Arrigo A. Cigna 
ENEA -Dept. Env. Protection.and Human Health 
1-13040 SALUGGIA VG (Italy) 

Mitjanr;:ant dos/metres passius distriburts al 1/arg d'una serie de coves, es van mesurar Jes concentracions de rad6, en una 
investigaci6 duta a terme els anys 1983-1984. Es tractava de debatre la seva distribuci6 referida a la morfo/ogia de Jes coves i la 
dosi mitjana efectiva ava/uada. 

Es va dur a terme una valoraci6 de/ rise que significava la presencia de rad6, basada en els procediments mes assequibles i 
corregida pel medi ambient de la cova. 

Mentre que el rise per als espeleolegs i visitant era minim i, en general, despreciab/e, el personal encarregat de /es coves 
turfstiques podia esser considerat, en a/guns casos, sota la reglamentaci6 inherent a una exposici6 ocupacional. 

RESUMEN 
Las concentraciones de Radon fueron medidas mediante dos/metros pasivos distribuidos a lo largo de cuevas en una investigaci6n 

1/evada a cabo en 1983 y 1984; se discute la distribuci6n haciendo referencia a la morfo/ogfa de las cuevas y la dosis equiva/ente 
promedio efectiva eva/uada. 
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Se /Jev6 a cabo una valoraci6n de riesgo que significaba la presencia de Radon, basada sobre /os factores mas disponibles, 
corregida dado el medio ambiente de la cueva. 

Mientras que el riesgo para espe/e6/ogos y visitantes es muy pequeno y en general despreciable, el personal encargado de 
cuevas turisticas podria ser considerado en algunos casos bajo las reg/as que conciernen a la exposici6n ocupacional. 

SUMMARY 

The Radon concentrations were measured by means of passive dosimeters distributed along the caves in a survey carried out 
in 1983 and 1984; the distribution is discussed with reference to the cave morphology and the average effective dose equivalents 
were evaluated. 

A risk assessment due to the presence of Radon, base upon the best available factors corrected for the cave environment, 
was also carried out. 

While the risk for cavers and visitors is very small and in general negligible, the personnel engaged in commercial caves could 
be considered in some instances under the rules concerning occupational exposure. 

Introduction 

In the frame of a national survey to assess the indoor exposure 
of the Italian population (Sciocchetti et al., 1984) carried out by 
ENEA (Comitato Nazionale per la Ricerca e lo Sviluppo dell Energia 
Nucleare e delle Energie Alternative) with the support from the 
Commission of the European Communities (Contract No BIO-F-
480-81-I) an additional investigation was carried out by means of 
passive dosimeters in some Italian show caves. 

Five caves were selected: 
Grotta Gigante (Trieste, Friuli-Venezia Giulia): big cavern 

(about 60 m x 120 m, max height m 100) with entrance from the 
top, no running water. 

I Grotta del Vento (Lucca, Toscana): karst system with nearly 
3 km of passages, with internal water stream. 

Ullr&llce 

Fig.I 
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Grotta Giusti (Pistoia, Toscana): horizontal cave, about m 200 
long with thermal water (about 35° C), used for speleotherapy. 

Grotta Grande del Vento (Ancona, Marche): part of the big 
karst system Grotta del Fiume-Grotta Grande del Vento with more 
than 21 km of passages, some lakes and low temperature thermal 
waters. 

Grotte di Castellana (Bari, Puglia): horizontal cave about 2 km 
long, entrance from the top at one end, shaft with air extractor 
at the other end . 

Instrumentation and measurements 

Passive dosimeters with a Radon diffusion cell and a 
measuring head with as CR-39 plastic detector were used. The 
detector faced the interior of the diffusion cell behind a membrane 
filter and measured the Radon gas only. The detectors were read 
by the ENEA Environmental Measurements Laboratory at the 
Casaccia Centre (Roma) which designed and supplied the dosi
meters also. 

The dosimeters were carried to each sampling station within 
the cave hermetically sealed in a plastic bag; after the exposure 
to the cave atmosphere the dosimeters were carried back to the 
laboratory sealed in another plastic bag. In the cave they were 
placed in a suitable position to avoid dripping water and other 
possible influences. In one case only a dosimeter was flooded 
for an unknown length of time. 

In fig. 1 and 2 the positions of the dosimeters are reported 
and the results of Rn222 measurements are summarized in Table 
1. 

· These data must be considered as average values referring 
to the whole integration time and, therefore, they are not 
influenced by low period variations in the Radon concentration. 

The result of station No. 4 in Grotta del Vento should be 
discarted because the detector was soaked by water when the 
dosimeter was flooded : the relatively high value is probably due 
to this immersion and does not refer to the actual Radqn 
concentration in the cave atmosphere. 

Other values agree perfectly with the local situations. Those 
from Grotta Gigante and Grotta del Vento are for all purposes 
similar. Grotta Giusti, directely influenced by a thermal source 
without significant air exchanges between indoor and outdoor 
atmosphere, has the highest values; the values in Grotta Grande 
del Vento are lower than those measured in the Grotta Giusti 
but higher than in the first two caves. This cave has a reduced 
air circulation and is influenced by thermal waters in the lower 
levels. 

Grotte di Castellana have the lowest values on account of 
the air circulation induced artificially in order to improve air quality 
for visitors . In particular, the low value of station No. 1 is due o 
the direct connection with the external atmosphere of the entrance 
cave while the higher value of station. No. 5 was found in an 
isolated room (Grotta Bianca) with poor air circulation. 

In a previous paper (Cigna & Clemente, 1981) some 
measurements of Rn222 concentrations in Grotta Grande del Vento 
were carried on by means of the classical two-filter method. The 



Table 1. - Radon concentration in some Italian Caves (standard values were higher by a factor 2 than those reported in this 
paper: the difference is probably due either to a higher Rn222 

concentration during the measurement (which lasted few hours 
only) or to some calibration problem of the passive dosimeters. 
The dosimeters used in this research were calibrated in an 
experimental Radon chamber (Schiocchetti et. , 1984) but, on the 
other hand , passive dosimeters are still subject to some 
discrepancy in comparison with «active» dosimeters employing a 
portable pump to draw air samples through a filter (Khan & Phillips, 
1985). 

deviation = ± 20 %) 

Cave Station Measurement Rn222 concen
tration 

Bq/m3 pCi/1 (File No.) 

Gretta Gigante 
(2 VG) 

Gretta del Vento 
(19 T/LU) 

Gretta Giusti 
(47 T/PT) 

Gr. Grande Vento 
(307 Ma/AN) 

Gr. di Castellana 
(8 Pu/BA) 

(*) flooded. 

No. 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

from: 

1983/05/25 

1983/05/24 

1983/12/20 

1983/08/15 

1983/08/27 

to: 

1983/12/13 160 4.3 
150 4.1 
170 4.6 
200 5.4 

1983/12/12 123 3.4 
190 5.1 
260 7.0 . 
480 13.0(*) 

1984/11 /08 350 9.5(**) 
410 11 .1 
360 9.7 
270 7.3 
340 9.2 

1983/11 /13 260 7.0 
290 7.8 
240 6.5 
260 7.0 
210 5.7 

1984/11 /05 46 1.2 
78 · 2.1 

125 3.4 
74 2.0 

180 4.9 

(**) moved to station 2 during the last three months. 

0 I f i ll m Grotta del Vento ( 19 T /LU) 
~----~ (Section) 

While new types of passive dosimeters are being developed 
at present to improve their reliability those used now give valuable 
results at least for a relative comparison. In any case the large 
spread of the experimental results in a natural environment reduce 
the importance of very accurate measurements. 

Dosimetry and risk assessment 

The dosimetry of Radon and its daughters in the atmosphere 
is a well known problem complicated by the degree of equilibrium 
reached by these radionuclides which is influenced by 
environmental factors . Some data are available for mines but little 
information exists on the typical environment of caves and spas 
where the atmosphere is in general very clean and with a high 
degree of relative humidity. 

For this reason it was deemed useful to collect here as much 
data as possible in a number of different cave environments. 
These data are reported in Table 2. 

Notwithstanding the spread in the values, an evident case on 
non-equilibrium is present in cave environments and therefore it 
should be taken into account in dose calculations to avoid any 
systematic error. A detailed examination of the measurements 
carried on in Carlsbad Caverns (Pump Room area) by Ahlstrand 
& Fry (1978) gives additional information on the seasonal variation 

Grotta di Castellana (8 Pu/BA) 

Fig . 2 
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500 m 

Grotta Giusti ( 47 T /PT) 
(Plan) 



Table 2.- Equilibrium factor (F) in caves. (F = ratio of equilibrium equivalent concen-
!ration of Radon to actual Radon concentration in air). 

Cave F No. of Ref. 
measure-

ments 

Carlsbad Caverns, N.M., USA 
Main Cave 0.44 30 Yarborough 

et al., 1978 
id 0.59 4 Ahlstrand, 1980 

Lower Cave 0.50 3 Yarborough 
et al., 1978 

New Cave 0.90 3 Yarborough 
et al., 1978 

Pump Room area 0.56 78 Ahlstrand 
& Fry, 1978 

Crystal Cave, Sequoia, Calif. USA 0.90 4 Yarborough 
et al., 1978 

Jewel Cave, South Dakota, USA 
Historic Tour 0.19 2 Yarborough 

et al., 1978 
Scenic Tour 0.81 14 Yarborough 

et al., 1978 
Lehman Cave, Nevada, USA 0.64 70 Yarborough 

et al. , 1978 
Mammoth Cave, Kentucky, USA 0.81 22 Yarborough 

et al., 1978 
Oregon Cave, Oregon, USA 0.66 6 Yarborough 

et al., 1978 
Round Spring Cave, Ozark, Mo., USa 0.98 6 Yarborough 

et al., 1978 
Wind Cave, South Dakota, USA 0.46 10 Yarborough 

et al., 1978 
Howe Caverns, New York, USA 0.67 9 Seymore 

et al., 1980 
Grotta Grande de\ Vento, Marche, Italy 0.69 4 Cigna 

& Clemente, 1981 

Weighted average value 0.62 

of the degree of equilibrium. The monthly average values, plotted 
in fig. 3, show a small but evident reduction when air circulation 
in the cave system occurs eithef in a Summer or Winter situation: 
in other seasons when the direction of the air flow is uncertain 
higher values of the equilibrium factor are attained. 

F 

May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May 
76 77 

From ICRP Publication 32 (ICRP 1977; Breuer 1985) the effective dose equivalent 
delivered by inhalation of Radon daughters can be evaluated as follows: 

(WLM) =(rem)= F*(Bq/m3 of Rn222)*(No. of hours)* 1.59* 1 o-6 

(Sv) = F*(Bq/m3 of Rn222)*(No. of hours)*1 .59*10- 8 

if one Working Level Month (WLM) is assumed to correspond to 
10 mSv ( = 1 rem) of effective dose equivalent. Very similar results 

are also obtained if the dosimetric coefficients relative to outdoor 
inhalation of Radon daughters by members of the public given 
by UNSCEAR (1982) are used. 

The effective dose equivalent affecting members of the public 
(both cavers and tourists) visiting caves is therefore negligible 
and without any health significance; on the other hand, in some 
caves with a high Radon concentration , it may be necessary to 
take some amelioration in order to comply with radiation protection 
recommendations for the personnel routinely working in caves, 
e.g., guides. 

By assuming 1000 hoursfrent annually in the caves (about 3 
hours per day), with the average Radon concentration given in 
Table 1, a parametric calculation of the corresponding effective 
dose equivalents are given in Table 3. New and old units are 
used for comparison with previously published data. 

Table 3.- Effective dose equivalents for individuals spending 1000 hours/year in cave. 

Cave mSv/year mrem/year WLM/year 

Grotta Gigante 1.7 170 0.17 
Grotta del Vento 1.9 190 0.19 
Grotta Giusti 3.5 350 0.35 
Grotta Grande de\ Vento 2.5 250 0.25 
Grotta di Castellana 1.0 100 0.10 

The personnel routinely working in the caves are not classified 
as workers occupationally exposed (possibly with very few 
exceptions) and therefore are to be considered as public. 

By taking an exposure limit of about 5 WLM/year for workers 
(ICAP, 1981), the limit for the public is 0.5 WLM/year. But 
according to ICAP (1977) a further safety factor of 1/5 should be 
applied for long exposure period. Therefore for individuals 
spending 1000 hours/year in the first four caves listed in Table 
2 some reduction of the cave working time should be 
considered. 
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Cave radioactivity-Theory and data 

RESUM 

Miklos Gadoros 
Budapest, Hungary 

Les ca/caries estan contaminadas amb urani (U) i tori (Th), de ta/ manera que Jes cavitats carstiques poden esser considerades 
com a cavitats originariament rodejades de fonts de radiaci6. 

L 'urani, el tori i a/tres productes solids radioactius proporcionen un ju -fons- independent de/ clima i depenent solament de 
la contaminaci6, de /'absorc,6 de la roca i de Jes mesures de la secci6 de la ca vi tat. El seu valor esperat es de 30 µr /h . com a maxim. 

Els productes radioactius gasosos (Rn, An , Tn) poden escampar-se per l'aire de la cavitat. El valor de difussi6 esperat del fluxe 
de gas es, per al rad6 , de 1.000 a 10.000 atoms/m2. s., depenent de la concentraci6 i difussibilitat de la roca. La concentraci6 de 
gas en l'aire de la cavitat depen del fluxe de gas i de fluxe d 'aire, aconseguint-se maxims a la primavera i a la tardor. 

Si el fluxe d 'aire penetra, es produeix, en els 26 primers minuts, la concentraci6 mes elevada de Tn , seguida de la de Rn. 
Les dades obtingudes i les consideracions te6riques coincideixen. 

RESUMEN 

Las calizas estan contaminadas por Urania y Th, de modo que las cavidades karsticas pueden ser considerardas como cavidades 
originariamente rodeadas de fuentes de radiaci6n. 

El Urania, th y los productos s6/idos radioactivos proporcionan un ju - fondo- independiente de/ clima, dependiente solamente 
de la contaminaci6n y absorci6n de la roca, y de las medidas de la secci6n de la cavidad. Su valor esperado es de 30 µr/h. como 
maximo. 

Los productos radioactivos gaseosos /Rn , An , Tn/ pueden esparcirse en el aire de la cavidad . El valor de difusi6n esperado 
del flujo de gas para el radon es de 1.000 a 10.000 atomos/m2 s, dependiendo de la contaminaci6n y difusibilidad de la roca. La 
concentraci6n de gas en el aire de la cavidad depende del flujo de gas y del flujo de aire. Las maximas se esperan en primavera 
y otorio. 

Si entra flujo de aire en los primeros 26 min . se produce la concentraci6n mas elevada de Tn , seguida de Rn . 
Los datos medidos y las consideraciones te6ricas se corresponden. 

SUMMARY 

Limestones contain U and Th contaminations, thus karst caves may be regarded as cavities primarily surrunded by radiations 
sources. 

U, Th and solid decay products gives a ju - back- ground independent of the climate, dependent only of the contamination 
and absorption, It 's expected value is maximum of 30 µr/h . 

Gaseous decay products /Rn , An, Tn/ are capable of diffusion on cave air. The expected value of the diffusion gas flow for 
radon is 1.000-10.000 atoms/ m2s, dependent of the contamination and diffusivity of the rock. The gas concentration in the cave air 
is dependent of the gas flow and of air flow. Maxima are expected in spring and autumn. 

In case of incoming air flow in the first 26 min the Tn thas the highest concentration , later the Rn. 
The measured data are in good agreement with the theoretical considerations. 

One of the most contraversial questions of cave climate is 
radioactivity. First its mere existence was debated , later the 
question has been raised whether radioactivity is a particular 
characteristic of the individual cave or can be regarded as a 
universal phenomenon. With knowledge of the source of cave 
radioactivity and instantaneous values affecting the main 
parameters, fundamental physico-climatology seem to be 
clarified. 

According to geophysical investigations, limestones contain , 
on an averge, 2.2 ppm 238U, 0.016 ppm 235U and 1.7 ppm 232Th 
contaminations. Since all three elements are initial stages of a 
series of decay, several further membes of wich are also 
radioactive, karst caves may be regarded as cavities primarily 
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surrunden by radiation sources. Only ju radiatiation /and a small 
amount of/ p radiation/ diffuses from the rock , wich gives a 
background independent of the climate, with an expected 
maximum of approx. 30 µr/h according to geophysical data. 

R6naki , 1968, found 3 ppm U in the Mecsek mountain and 
Roda et all. , 1971 , measured 4-5 µr /h total activity in Gombaszog 
Cave /Southern Czechoslavakia/. Both data are in good 
agreementr with the above results . 

As is known , one member of each of the above three series 
of decay is gas , wich is capable of difussion into cave air. From 
the above ratio and the density of the fundamental rock, the 
density of U and/or Th can be determined and from this atomic 
density can be derived by Avogadro 's Law. Taking into account 



the constants of decay, we may obtain from this density of gases 
formed inside the stone. In the case of C, gas density, A decay 
constant and O diffusivity, by solving the midified Fick equation, 
we obtain for the diffusion flow from the rock 

I= c;,..0112,.,112 /atom/m2/ 1/ 
if concentration in the air is neglibly low. The results of calculations 
are depicted in Table, 1, consodering that -according to 
geophysical data- the diffusivity of limestones is D= 10-1 ... 10- 10 

m2/s . 

a 

ppm g/m3 atom/m3 

238LJ 2,2 5.94 1.5 1022 222Rn/Rn 
23SLJ 0.016 0.043 1.1 1Q20 219Rn/An 

232Th. 1.7 4.6 1.2 1022 220Rn/Tn 

C d 

atom/m2sec mm 

Rn 500-16.000 7-220 

An 0.08-2.6 0.023·0.75 

In 1.7-53 0.09·2.8 

table 1, Radioactive diffusion into the cave 
a- density of UjTh 
b- density of gsses in the rock 
c- diffusion flow 
d- diffusion depht 
e- decay constant 

b 

atom/m3 kBq/m3 

3.5 1010 73 

1.9 104 3.4 

1.5 106 19 

e 
sec-1 

2.1 10-6 

0.176 

1.27 10-2 

With knowledge of the diffusion gas flow, cave gas density 
can also be determined. 

a,/ If there is no air flow a certain elapses of time, equilibrum 
concentration in the air space will set in, the value of wich 
calculated in activity is 

B= IK/S /Bq/m3/ 2/ 
and in atomic density 

Cc= B/A /atom/m3/ 3/ 
Where B stands for specific activity and/or Cc denotes gas density 
in cave air, K is the circumference and S designates the area of 
the cross-section . As can be seen , above a diameter d=4 m, 
specific activity is lower and in the case of a smaller diameter it 
is higher than the diffusion flow. Considering the data in Table 
1 . , in cavities with approx. d=4 m effective diameters the expected 
equilibrum Rn-activity is 1-10 kBq/m3. Since the products of decay 
of Rn are also radioactive, total d-activity is three times as high 
and P- activity will be twice as high as this value. Most of the 
ratio of activity is supplied by radon / 222Rn/, as the ratio of activity 
of the individual isotopes in equilibrum is 

BAn:BTn:BRn= 1 :20:6.000 4/ 
b./ In the case of incoming air flow, we obtain both qualitatively 
and quantitatively different results . As is known, in case of Ceo 
initial , Cc end concn . and a constant source, at given t time, 
concentration of the radioactive substance is 

C1=Cc(1-exp(-At)} 5/ 
The time required for equilibrum is approx. 20 sec for An, about 
'4 min for Tn , while Rn requires more than 2 weeks. Therefore 
the activity of Rn attain the activity of an only in 80 sec and that 
of Tn in 26 min /1 .600 sec/. It should be noted that considerably 
long cave sections or entire caves have been taken into 
consideration and at strong air flow the distance covered in 1.600 
sec may imply several kilometers . 

Naturally, activity in this case is very low, at 1.600 sec 
altogether 10-100 Bq/m3 may be expected . 
c./ In the case of outgoing air flow the air enters the cave partially 
or wholly through clefts. In the case of narrow clefts, if the depth 
of diffusion is similar in size to the width of the cleft, Eq 2 does 
not hold as the condition Cc< < C, is not fulfilled . 
Then 

6/ 
where 

z=K/(S,jD/\ ) 7/ 
and in the ratte of concentration increase in Eq 3, apparent decay 
constants 

A1=A(1+z) 8/ 
must be taken into account. Thus, in air passing through narrow 
clefts higher concentration is attained more rapidly than in a 
spacious cave. This is naturally valid for all three gases; in the 
case of identical cleft sizes, however, the value of z for Tn and 
An is much lower and since decay in these occurs rather rapidly, 
the air flowing out of the clefts quickly losses its excess activity. 
Thus, in te enterior of the cave far from entrance may be expected 
to be constantly in Tn and An. The activity of Rn, however, 
strongly air flow dependent, therefore , rather variable in the course 
of ther year and even in one day. 

Unfortunately, we have no avaliable data on diurnal variation. 
As regards annual variation, R6naki , 1972, measured maximum 
values, approx. 12 kBq/m3 in Abaliget cave and Somogyi , 1982, 
obtained maximum values in Vass lmre cave approx. 1 O kBq/m3 

at the end of summer; both investigators also determined a lower 
maximum values in spring time; activity was found to be somewhat 
in midsummer and extremely low in winter. R6naki measured also 
Tn and stated that in winter considerable amount of the total 
activity is derived from Tn whereas in summer the amount of Tn 
activity is negligible related to the high concentration in Rn. 

In our investigations we hawe made approximately 50 series 
of measurements in more than 30 different caves /in Hungary, 
Czeechoslovakia and the FAG/, using p and y GM counters . 
According to our measurements closely adjacent cave sections 
or even in different corners of the same hall the amount of activity 
can be very different. In places without aeration increase can be 
observed in the acticity of air. Highest annual variation was 
measured in Szemlohegy Cave /Budapest/, where in some sites 
the winter to summer ratio reached even the value of 1 :50; among 
karst caves, highest activity weas found in Abaliget Cave. It also 
been established that in wet caves substancial amount of the 
radioactivity of air is linked to water aerosol. 

In Figure 1, we present two longitudinal sections of p activity 
measured in the J6svafo section of Baradla Cave in different 
seasons of the year. 
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Figure 1, Radioactive longitudinal sections from 
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Barad/a Cave, J6svafo, Hungary. fl-activity of the cave-air. 
L- distance from the entrance 
a,b, etc.-measuring points 
A- direction of the cave wind 
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Aerosols in caves - Theoretical considerations 

RESUM 

Miklos Gadores and Ferenc Cser 
Budapest, Hungary 

L 'hidroaeroso/ es un component essencial de/ c/ima peculiar de /es cavitats. Probablement es un factor essencial de la capacitat 
de cicatritzaci6 de /es coves i juga un paper fonamental en la formaci6 d'he/ictites. Son molt escasses /es dades bibliografiques 
d 'aquests parametres, per tant ens hem vist ob/igats a rec6rrer a calculs teorics per a poder determinar /es seves 
caracterfstiques. 

Segons els calculs efectuats, /es gotetes inferiors a 10µm., poden esser estabilitzades en una atmosfera amb una humitat 
re/ativa superior al 95 %, a l'igual que /es gotetes inferiors a 5µm., amb una mineralitzaci6 de 700 mg. de Ca++ t- 1, formant un 
hidroaeroso/ de 1 gm-3 cca i amb un contingut global de Ca++ de 1 mg. m-3. El pH de /es gotes soprepassa el 8,5, no obstant no 
es pot fixar ja que el CaCO3 que contenen /es gotes crista/-litza quan es preten calcu/ar el seu pH. 

Hom considera que els aerosols es carreguen electricament com a consequencia, principalment, de la seva evaporaci6, amb 
una unipolaritat negativa. 

Les poqufssimes dades de que disposem recolzen /es consideracions teoriques. 

RESUMEN 

El hidroaerosol es un componente esencial de/ c/ima especial de cavidades. Probablemente es un e/emento importante de 
poder de cicatrizaci6n de las cuevas y posee un pape/ dominante en la formaci6n de helictitas. En la bibliograffa se conocen muy 
pocos datos de medidas, por tanto nos hemos visto obligados a remitirnos a calculos te6ricos para la determinaci6n de sus 
caracterfsticas. 

Segun los calculos las gotitas inferiores a 10 µm pueden ser estabi/izadas en una atm6sfera con una humedad relativa superior 
a 95 % como gotitas menores que 5 µmy con su minera/izaci6n de 700 mg. Ca++ t-1 formando un hidroaerosol con cca 1 gm-3 

con un contenido en conjunto Ca++ de 1 mg m-3. El pH de las gotitas sobrepasa 8,5. Sin embargo no puede ser medido, ya que 
el CaCO3 contenido en las gotitas cristaliza cuando se mide el pH. 

Se espera que los aeroso/es se carguen e/ectricamente como consecuencia de su vaporizaci6n principalmente con unipolaridad 
negativa. 

Los poqufsimos datos de que disponemos apoyan las consideraciones te6ricas. 

SUMMARY 

The hydroaerosol is an essential component of the special cave climate. It is probable an important element of healing power 
of the caves and it has dominant role in the formation of helictites. There is only very few measured data known in the literature, 
therefore we have to be confined to theoretical calculations in determining its characteristics. 

According to the calculations dropplets smaller then 10µ m can be stabilized in an atmosphere with a relative humidity greater 
then 95 % as dropplets smaller then 5µm and with their mineralization of 700 mg Ca++ t-1 forming a hidroaeroso/ with cca 1 gm-3 

with an overall Ca++ content of 1 mg m-3. The pH of the dropplets exceeds 8,5. It can not be measured, however, as the CaCO3 
content in the dropplets crystallizes when the pH is measured. 

The aerosols are expected to be charged electrically as a consequence of their vaporization mainly with negative unipo/arity. 
The available very few data support the theoretical considerations. 

Introduction 

They hydroaerosol is one of the essential components of the 
cave climate which differs qualitatively from the aerosols of the 
surface. Its importance in the cave is great as it has dominant 
role in the formation of helictites and it is probable also an essential 
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component of the healing effect of the caves. We have to be 
confined, however, mainly to theoretical calculations at the 
determination of the main parameters of the cave aerosols as 
there is very small amount of measured data known . The reason 
for this derives from measuring difficulties, as it will be shown 
later, besides financial and organizational problems, naturally. 



We are confined to the investigation of the moist karstic caves 
of the temperate zone. The water with Ca and Mg 
hydrocarbonates is dropping in the cave steadily forming a fine 
spray in the air after falling to dust. The spray partly assures a 
humidity near to the saturation, partly remains in the air as fine 
dropplets due to its evaporation . The temperature of the stone 
conserves a temperature near to 10°C what is just above the 
yearly mean temperature at the surface. The cave is in limited 
contact with the surface, it is a semi-close system. 

The stability of water dropplets in the cave climate. 

The parameters of the dropplets are changing as follows : 
1. They are falling due to the gravity, 
2. their radius is decreasing due to the evaporation of their 

water content, 
3. their solute is increasing, as a consequence of 2., 
4. their CO2 content is decreasing . 
1. The falling rate of the dropplets in the air is constant, 

depending on the diameter: 
Vd=3.110-7 d2 /t= 10°C, d<B X 10-5 m/ (1) 
2. The determination of the evaporation rate of the water from 

the dropplets is more complicated. According to Cser and 
Maucha, 1968, the time necessary to decreas the initial diameter 
/dj to d1 is given by eq. 2/: 

, = A x d~ - d~ (2) 
Where A is a complicated function of the temperature and 

the humidity. Figure 1. shows the time necessary to evaporate 
the half volume of a dropp at different initial diameter /d/ and 
relative humidity /r/. The line STOKES gives the time for a dropp 
to fall Im without changing its diameter. The auxiliary scale «m» 
with the dotted lines indicates the falling distance of a dropp 
with an initial diameter of d until it reaches the half of its original 
volume at different humidity. As an example: a drop with an initial 
diameter of 50 µm /dj losses half of its original volume within 

10
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Figure 1. 
The time for the evaporation and for the falling. 
d

0 
- initial diameter of the dropp. 

10 10 

r - time necessary for the evaporation of half of the volume /lines with parameter 
r/ or the time while the dropp with a constant diameter of d falls 1 m / STOKES line/ 
r - relative humidity in % 
h - the height of falling while the volume decreases to its hald value with d0 and r. 
Ll - the change of diameter at the half volume. 
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17 sec /d 1 = 40µm/ and it falls Im within this time period . If we 
take the differencies in the altitudes of the caves into 
consideration it is clear that onyl a small part of the dropps with 
an initial diameter over 10 µm will form aerosol since they 
precipitates to the floor within a short time. We have to take also 
into consideration that the diagram reffers only to pure water, 
what is evaporates faster than the solutions. 

We can conclude, that the probable upper limit of the initial 
diameter of the dropplets in the aerosol can be given as 20-30 µm. 

The diagram concernes to flat surfaces only. If the surface is 
bent the equilibrium vapor pressure can be given according to 
Thompson 

ed= es x /1 + 2.27 x 10 -9 d·1/ (3) 
where ed is the vapor pressure of a bent surface with a 

diameter of d /m/, es that of with d = oo . The diagram of 
evaporation is obtained with this modification. This is the reason 
of the presente of lines with a r value 100 % since very small 
dropps evaporate in supersaturated air, too. 

3. As the solutes in the dropps do not evaporate, their 
concentration increase with decreasing volume. The vapor 
pressure is decreasing with increasing concentration. According 
to Rault: 

em= es X /1 - m X M - 1; (4) 

where em is the vapor pressure above a solution with m /g 
1- 1; concentration of the solute, and M is a constant. In our case, 
when the solute consists up mainly from Ca and Mg 
carbonates, 

2. 

em= es X 1- 9 X 10-7 Ch/ (5) 
where Ch is the hardness of the water expressed in mval units. 
The overall effect is the combination of those given above, 
(e, - es) / es= eies + em/es -2 (6) 
Substituting 3/ and 5/ into 6/ we get 
(e, - es) / es= 2.27 X 10-9 X d-1 - 9 X 10-7 ch (7) 
The nomograms corresponding to eq. 7 / are given on Figure 

C) r=99,99°/, 0 
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Figure 2. 
The mineralization of the water as a function of the diameter and the relative humidity. 
d - the diameter of the dropp 
r - relative humidity 
Ch - mineralization in german degree of hardness 
The diameter in equilibrium can be obtained by the intersection of a line parallel 
with the declined lines drown from the point of the initial diameter and the 
concentration with actual/ humidity. 



The abscisse is the diametes of the dropps, the oordinate is 
the concentration of the solute, both in logarithmic scale. 

The parameter is the relative humidity. It is worth to remark, 
how small changes in the humidity and the temperature result in 
great differences in the equilibrium vapor pressure. 

The declined lines indicate the concentration of the solute 
parallel with the change in the diameter described by eq . 8/: 

C = co X d~ X d- 3 (8) 
It is evident from the Figure that the size and the solute 

content of the aerosol dropps is very sensitive to the relative 
humidity. It can also be seen, that each dropps may stabil ize its 
measure if there is sufficient time for the realization. It is interesting 
to note, that two dropps with the same initial diameter but with 
different solute content will be stabilized at different diameter 
and concentration. The dropp what have had the lower 
concentration will have a lower diameter and a greater solute 
content than the other one. In the case of r_> 100 % those dropps 
will remain in the air whose starting coordinates are at the left 
side from the r-curve. The greates ones increase their measure 
and fall out. 

4. Until now we supposed that the amount of the solute of 
the drops remains constant. This is correct when the solvent is 
a good one. As an example: the relative humidity in an equilibrium 
with a saturated NaCl solution is 90 %. At r = 95 % the diameter 
of a dropp with an initial diameter of 1,6 µm in an equilibrium is 
0.05 µm if its original mineralization was 10 mg NaCl 1- 1. The 
situation is other if the solvent is a bad one like water is for 
CaCO3. Its equilibrium concentration is 0.25 mval. If the air around 
the dropp contains 0.1 % of CO2 this concentration is 1.43 mval. 
At 1 % of CO2 it is 2.57 mval. Since the dropps have great specific 
surface their CO2 content gets to be in equilibrium with the air 
very soon, i.e. their original solute of Ca/HCOJ2 must be mainly 
in the f°'m of CaCO3. This means, the solution can be estreamly 
supersaturated. It is also known that the solubility of a crystal! 
increases with its partical growth . The CaCO3 in the aerosol 
dropps can not be precipitated due to the absence of crystalline 
nuclea and the increased solubility. 

As a consequence of the conception presented above a 
stabilized aerosol in originated from dropps smaller than 20-30 
µm in a relative humidity over 97-98 %. This means, at least an 
altitude for the dropping of a water dropp over 2 meters needs 
to form aerosol dropps with sufficient small diameter. The 
stabilized aerosol is consisted off dropplets smaller than 5 µ , with 
a CaCO3 content of some tens of mval and a pH value over 8.5. 

The quantity of aerosols 

Now we have to turn to the quantitative determinations. 
We know from the meteorological data, that the vision distance 

in a mist with a density of 3.2 g m-3 is 30 m-s. That for mists 
with densities of 0.32 and 0.032 m-s are 120 and 600 m-s. We 
also konw, that a stratus has a density of 0.3 g m-3 as a mean 
value. Although this datum can be refflected to the situation in 
caves only with reserve , it seems that the upper limit of the 
aerosol content of the caves can be given under 1 g m-3, 

remarking , that smaller values are more probable. 
We have much better approximations for the change of the 

density of the aerosols. According to Maucha, 1983, the dropping 
intensity is five times smaller in autumn than in spring in the Vass 
lmre cave /Hungary/. There is practical no air motion in April or 
in October in the caves, i.e. the local differencies must then be 
greater. In sommer the greater air motion homogenize the aerosol , 
in winters the incoming air drys the hunidity and hydroaerosol 
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can only be expected in the inner parts of the caves, etc. The 
reality can not be estimated , since practically there are no data 
to support or to deviate the hypothese. The measure of the 
dropplets, their distribution and their change as well as the change 
of the qlobal density of aerosol as a function of the season could 
be measured by the recent technical instrumetation, but we have 
no concrete data at all. Some chemical data of condensed aerosol 
are already known. The are very useful! to represent the mean 
relative composition of the cations in the aerosol , and the data 
can be related to the composition of the dropping water. 
According to our oppinion , the amount of aerosol and its 
composition, however can not be measured by condensation 
methods, Not only the aerosol will be condensed upon cooling, 
one part of the humidity as well as the solid aerosols will also 
be precipitated . On the other hand, the condensation depends 
on the rate of cooling, too. At smaller rate of cooling greater 
dropps will be precipitated only. The reprducibility of the method 
is also very wrong as the results depend e.g. on the rate of the 
air motion etc. The chemical data of Takacs et all. 1984, show 
0.1-0.5 mg Ca++m-3 with an extreme value of 1.45 mg m-3 obtained 
in the Beke cave /Hungary/ with a good accordance of the 
estimated value of 1 mg m-3 of the hypothese. 

Finally some remarks to the polaruty of the dropps. 
According to Kessler, 1984, the dropplets are ionized mainly 

with negative polarity what is a natural consequence of their 
origin /water-fall effect/. As our experiences showed, /Gadoros, 
1983/ greater part of the radio-activity of the air in the cave is 
also connected to the aerosol. The qualitative nature of these 
phenomena also need some further study. 

As a conclusion we have to state, that the study on cave 
hydroaerosols are much more theoretical hypotheses than 
experimental results, We have now the questions to be put and 
the experiments should present the answers. 
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Oligochaeta from subterranean waters of West Indian Islands. 

Elibieta Dumnicka 

RESUM 
El material ha estat recol/it per /es expedicions d 'Amsterdam a /es fndies Occidentals, dirigides def professor Jan H. Stock. 
En aquest treba/1 s 'ha recopilat la fauna d'oligoquets pertanyents a 13 ii/es, d 'on s 'han recollit mes de 10 mostres. Apareixen 

o/igoquets en un 18,7 % a un 58,3 % de /es mostres. Generalment s6n mes abundants en /es ii/es mes grans o en aquel/es mes 
properes al continent. S'han identificat 21 especies. N'hi ha de cosmopolites, neotropicals, europees i tres mes que s6n naves per 
a la ciencia. 

RESUMEN 
Los materiales han sido reco/ectados por las expediciones de Amsterdam en las lndias Occidentales, dirigidas por el Profesor 

Jan H. Stock. 
En este trabajo se ha representado la fauna de o/igoquetos de 13 is/as, de las cua/es se han recogido mas de 10 muestras. 

Los oligoquetos aparecen en 18,7 % - 58,3 % de muestras, generalmente se encuentran mas abundantes en las is/as mayores, o 
aquellas que estan situadas mas cerca def continente. Se han determinado 21 especies - /os hay de especies cosmopolitas, 
neotropica/es, europeas y 3 especies nuevas para la ciencia. 

RESUME 
Les materiaux ont ete col/ectionnes par Amsterdam Expeditions to the West Indian Islands dirigees par monsieur le professeur 

Jan H. Stock. 
Dans ce travail on a represente la faune d 'oligochetes de 13 fies d'ou on a recuelli plus de 10 prelevements. Les oligochetes 

paraissent dans 18.7 % - 58.3 % de prelevements, generalement ifs se montrent plus souvent sur /es plus grandes fies, ou /es fies 
situees plus pres du continent. On a determine 21 especes - ii y en a des especes cosmopolites, neo-tropicales, europeennes et 
3 especes nouvelles pour la science. 

1 . Introduction 
2. Study area and methods 
3. Results and discussion 
4. References 

1. Introduction. 

The aquatic oligochaetes from West indian Islands are 
insufficiently known. Few species were found by Michaelsen 
(1933) on Curai;:ao, Bonaire and Aruba. From materials collected 
by Amsterdam Expeditions to West Indian Islands, the family 
Tubificidae has been described so far (Dumnicka 1983) and the 
paper concerning the family Naididae is now in press (Dumnicka 
1986) 
Oligochaetes from the South American continent are kown better: 
they were studied by E. Marcus du Bois-Reymond (1947, 1949) 
and G. Righi (1974) in Brasil ; in Argentina by Di Persia (1980)
mainly the family Naididae; in lake Titicaca by Cernosvitov (1939). 
Howmiller (1974), Harman and Mc Mahan (1975) investigated the 
oligochaetes collected in numerous localities. 

2. Study area and methods. 

The materials collected by Amsterdam Expeditions to West 
Indian Islands in the years 1973 - 1978 are very abundant (Stock 
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1979). They contain 527 samples collected on 24 islands, but 
oligochaetes were encountered in only 39 % of samples. The work 
described in this paper been based on materials from 13 of these 
islands, from which at least 10 samples had been taken . 
The studied islands are situated between 10° 57' 56" and, 19° 46' 
50" latitude North and 59° 25 ' 33" and 72° 40 ' 57" longitude West, 
that is they form an arch between Cuba and the coast of 
Venezuela (Fig .1 ). Haiti has the greatest area (76.5 thousands of 
km2) , other islands are distinctly smaller - from 450 km2 to 33. 7 km2 . 

The samples were collected in various habitats, mainly 
subterranean. More than 75 % of the samples were collected in 
wells , the rest were collected in caves, crevices, boreholes and 
interstitial waters of the sea- shore and also in brackish and 
freshwater lakes. Various equipment was used for collecting the 
samples: the Bou-Rouch biophreatic pump, the Cvetkov self
closing vertical net (small and large) and hand-nets. For each 
station the chlorinity of the water was determined and a short 
characteristic provided . It included: the character of the bottom, 
water depth , pollution, the presence or absence of various groups 
of animals . 

3. Results and discussion 

Oligochaetes are common in the subterranean waters of West 
Indian Islands, but the frecuency of their ocurence is not identical 



Table 1. Frequency of oligochaeta on the studied islands 

No. of No. of 
island samples samples 

with olig. 

Haiti 48 23 
Vieques 11 3 
Tortola 23 10 
Virgin Gorda 12 7 
Anegada 15 8 
Anguilla 16 4 
St. Martin 43 14 
Barbuda 16 6 
Antigua 15 4 
Barbados 32 6 
Curac;:ao 87 35 
Aruba 24 14 
Venezuela 15 8 

on all the islands studied . From Haiti to Anegada about half of 
the samples contained oligochaetes (Table 1). Only on Vieques 
was this percentage lower. The greatest number of species was 
found on Haiti. These were mainly species characteristic of 
America, some cosmopolitan ones, possibly introduced by people 
and 2 species previously unknown. 
The next group of small islands extends from Anguilla to Antigua. 
Both the percentage of samples with oligochaetes and the number 
of specimens per sample were lower than on the group of islands 
near Haiti. Cosmopolitan and South American species were 
dominant. The lowest number of samples with oligochaetes and 
the lowest number of determined species was found on Barbados, 
which is situated away from other islands. 
The last group of islands lies near the coast of Venezuela. 
Oligochaetes were encountered in about half of the collected 
samples. 
A similar frecuency of oligochaetes was found in the samples 
from Venezuela. These oligochaetes were mainly species of 
continental origin. 
The greatest frequency of ocurence and greatest species diversity 
was found on Haiti - the biggest island, and also on islands close 
to the continent. These results confirm the continental origin of 
the contemporary species of oligochaetes. 
The greater part of the material could not be determined down 
to the species because the specimens from the families 
Tubificidae and Enchytraeidae and some from the family Naididae, 
were immature, too young to make identification possible, or 
deformed by fixation (especially the gills of specimens from the 

% of No. of 
samples species remakrs 
with olig. 

47.9 12 2 new species 
27.3 3 
43.5 4 I group 
41 .2 3 
53.3 3 
25.0 1 
32.5 3 
37.5 3 II group 
26.6 3 
18.7 1 Ill group 
40.2 4 
48.3 3 IV group 
53.3 5 1 new species 

genus Dero). Of the 21 species determined so far, the majority 
belong to cosmopolitan forms (Table 2). Aulophorus furcatus is 
the most common species - it ocured on 9 islands out of the 13 
selected for this paper. It is a species common in various South 
American waters - mainly in ponds and other bodies of stagnant 
waters, even at great depth. Its gills enable it to live in waters, 
where the amount of 0 2 is periodically low. 
The family Naididae is represented mainly by the genera Dero 
and Pristina. The dominance of different species, although 
belonging to the above mentioned genera is characteristic of 
stagnant waters of South America. Both these genera are 
cosmopolitan, but the genus Pristina predominates in the 
interstitial waters (Kasprzak 1973) and is treated as a stygophilous 
form . The genus Nais, the most common genus from the family 
Naididae, has not been found on the studied islands. It is 
encountered in various water bodies of South America, but it 
does not predominate there as it does in the Palearctic. 
The family Tubificidae is represented here by only 4 species, 
including 2 species previously unknown. 
From the family Enchytraeidae only 2 species were determined 
and probably one species new to science, belonging to the genus 
Achaeta, will be described. 
On the studied islands some families typical of South America 
(Phreodrilidae and Opistocystidae) have not been encountered . 
Phreodrilidae were however present in the samples from the coast 
of Venezuela. The subterranean waters are inhabited both by 
cosmopolitan and rare species. The latter include species which 
have been only sporadically encountered so far, such as Pristina 

Table 2. The ocurrence of oligochaete species on the studied islands. (denotations as in Table 3). 

species Haiti Vieq. Tort. IVir. G. islands Angu. Barbu. Antig. Barba. Cura. Arub. IVenez. Aneg. 
Enchytraeidae gen. spp. juv. ++ + + ++ +++ ++ +++ ++ ++ ++ + 
Tubificidae gen. spp. juv. +++ + + + + ++ + +++ +++ 
Aulophorus furcatus (MOIi.) ++ +++ +++ +++ + + +++ + + 
Pristina peruviana Cern. + + + 
Dero obtusa Udek. + + + + 
Enchtytraeus buchholzi Vejd . + + 
Prsitna aequiseta Bourne + 
- leideyi Smith + 
- longidentata Harm. + 
Dero digitata MUii + 
Stephensoniana trivandrana (Aiyer) + 
Dero sawayai Marc. + + +++ 
Pristina foreli (Pig) + + +++ + 
Aelosoa spp. Ehr. ++ + 
Pristina ldrensis Sperb. + 
Achaeta spp. Vejd . + + + 
Propappus glandulosus Mich. + + + 
Slavina evelinae (Marc) + 
Fontidrilus papillatus Dumm + 
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Table 3. The occurrence of oligochaete species in various habitats. 

species wells caves 
inter. 
water 

crev. boreh. springs 

Tubificidae gen. spp. juv. +++ + ++ + + ++ 
Enchytraeidae gen. spp. juv. +++ + ++ + + + 
Aulophorus furcatus +++ + + + 
Dero sawayai ++ + + 
Achaeta spp. juv. + + + + 
Propappus glandulosus + + + + 
Pristina peruviana + + + 
Limnodrilus udekemianus + + 
Enchytraeus buchhoizi + + 
Pristina floreli +++ + 
Aeolosoma spp. ++ 
Pristina aequiseta ++ 
- leidyi + 
- idrensis + 
Dero digitata + 
- obtusa + 
- haitiensis + 
Slavina evilinae + 
Embolocephalus velotinus + 
Pristina longidentata + 
Stephensoniana trivandrana + 
Spirospermoides stocki + 
Fontidrilus papillatus + 

+ - 1 - 3 specimens in the sample 
++ - 4 - 10 specimens in the sample 

+++ - more han 10 specimens in the sample 
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peruviana and P. longidentata. The discovery of Embolocephalus 
velutinus and Pristina idrensis, previously known only from Europe, 
was unexpected. The present state of knowledge about the 
distribution of oligochaetes is incomplete, thus «surprises» during 
investigation of new areas cannot be ruled out. Moreover, the 
species from West Indian Islands differ in some anatomical details 
from the European populations. This may mean that populations 
were separated long time ago and their speciation was 
independent. 
On one island, 10 out of 21 determined species were found. This 
may have been caused by the non-uniform occurrence of 
oligochaetes on the islands as well as by the inadequate number 
of collected samples. 
The greatest number of samples was collected in wells , and this 
correspond with the greatest number of determined species 
(Table 3) . There are also numerous species in springs . The species 
found only in springs cannot be treated as belonging to the 
subterranean fauna. Their guts were found to contain mainly algae 
(diatoms) while the species living in wells feed almost exclusively 
on detritus. 
More materials are needed to draw more definite conclusions, 
and I hope that further expeditions will be organized for this 
purpose. 
I would once again like to express my gratitude to prof. Jan H. 
Stock for presenting me with the oligochaete material, which has 
made the writing of this paper possible. 
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A new stygobiont amphipod crustacean (Crangonyctidae, Stygobromus) from 
glaciated karst on Vancouver Island, Canada 

RESUM 

John R. Holsinger*, D. Patrick Shaw** 
*Department of Biological Sciences Old Dominion University, Norfolk, 
Virginia , US.A. 
.. Department of Zoology University of British Columbia, Vancouver, 
B.C., Canada. 

En aquest treba/1 es descriu una nova especie de l'amffpod subterrani d 'aigua dol9a def genere Stugobromus de /'ii/a de 
Vancouver (Canada), d 'on es va recollir, en dues cavitats, els anys 1981-1982. Aquest es el tercer amffpod estigobiont citat def 
Canada i l 'onze membre def genere es troba en indrets situats al nord de/s limits meridionals de la glaciaci6 plistocenica. Stygobromus 
n. sp. Pertany al grup de hubbsi , un conjunt d 'especies hipogees estretament re/acionades, que ja fou citat anteriorment a la part 
occidental dels E.E.U.U. , al sud de la Columbia Britanica. 

La presencia d 'aquesta especie en diverses cavitats d 'una ii/a que ha estat sotmesa a glaciacions i separada def continent, 
planteja a/gunes interessants questions zoogeogra.fiques. Va tenir aquesta especie acces a /'ii/a a traves de vies intersticia/s de 
sediments de grans part/cu/es de sorra de Quadra que va emplenar diverses zones de l'estat de Georgia durant el Plistoce mes 
recent?, o prove, tat vegada, d'alguns avantpassats seus que varen viure a /'ii/a abans no es formes l'estret de Juan de Fuca, a /'Eoce? 

RESUMEN 

Se describe una nueva especie def anffpodo subterraneo de agua dulce def genera Stygobromus de la Isla de Vancouver, 
Canada, de donde se recogi6 en dos cavidades en 1981-82. Este es el tercer anffpodo estigobionte citado de Canaday el onceavo 
miembro def genera que se encuentra en localidades situadas al N. de los I/mites meridionales de la glaciaci6n P/eistocena. 
Stygobromus n. sp. es un miembro def grupo de hubbsi, un conjunto de especies hipogeas estrechamente re/acionadas, que fue 
citado previamente de la parte occidental de los Estados Unidos, al Sur de la Columbia Britanica. 

La presencia de esta especie en cavidades en una is/a que ha sufrido g/aciaciones, separada def continente por estrechos 
marinas, plantea algunas interesantes cuestiones zoogeograficas. 1,Es que esta especie tuvo acceso a la is/a desde el continente 
a traves de vfas intersticiales en sedimentos de grano grueso de la arena de Quadra, que rellen6 partes def Estrecho de Georgia 
en el Pleistoceno reciente, o quizas proviene de antepasados que vivieron en la is/a antes def desarrollo def Estrecho de Juan de 
Fuca, en el Eoceno? 
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SUMMARY 

A new species of the subterranean frehswater amphipod genus Stygobromus is being described from Vancouver Island, British 
Columbia, Canada, where it was collected from two caves in 1981-82. This is the third stygobiont amphipod recorded from Canada 
and the eleventh member of the genus to be found in localities north of the southern limits of Pleistocene glaciation. Stygobromus 
n. sp. is a member of the hubbsi group, an assemblage of closely similar hypogean species that was previously recorded from the 
western United States south of British Columbia. 

The presence of this species in caves on a glaciated island separated from the mainland by marine straits raises some interesting 
zoogeographic questions. Did this species gain access to the island from the mainland through interstitial routes in coarse sediments 
of the Quadra Sand which inti/led parts of the Georgia Strait in the late Pleistocene, or did it evolve from ancestors that were present 
on the island prior to development of the Juan de Fuca Strait in the Eocene? 

Introduction 

During fieldwork in 1981 and 1982, one of us (DPS) collected 
blind, white stygobiont amphipod crustaceans from two caves 
on Vancouver Island, British Columbia, Canada. Samples were 
taken from drip pools and a stream in several parts of 
Thanksgiving Cave located southeast of Tahsis, and from a 
terminal pool in Hourglass Cave located southwest of Lake 
Cowickan. These caves are located approximately 220 km apart 
and are developed in separate outcrops of Triassic-age Quatsino 
limestone. Although other caves on Vancouver Island have been 
explored biologically, stygobiont amphipods have not been found 
outside of the two localities listed above. 

The Vancouver Island amphipods represent an undescribed 

I ,~,\ 
\ 

\ 

\ 

\ 
\ 

Fig. 1. Geographic distribution of the hubbsi group of Stygobromus in North America. 
Larger closed circles indicate two or more proximate localities; smaller closed circles 
indicate single localities. Note the two localities for Sytgobromus on Vancouver 

species of the widely distributed, subterranean freshwater genus 
Stygobromus (family Crangonyctidae). It is the third stygobiont 
amphipod to be recorded from Canada and the eleventh member 
of the genus to be found in localities north of the southern limits 
of Pleistocene glaciation (see Holsinger 1981). A description of 
this new species is in preparation by the authors. 

Stygobromus n. sp. is a member of the hubbsi group, a cluster 
of morphologically closely allied species previously recognized 
from the western United States (Holsinger 1974, Ward 1977). As 
presently defined, the hubbsi group consists of 19 described 
species, all of which occur in areas west of longitude 104°W 
except S. putealis (Holmes) which is recorded from wells in 
southeastern Wisconsin (see Fig. 1 ). In addition there are 
approximately 10 provisionally recognized but undescribed 
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Island. Heavy dashed line indicates approximate maximum extent of continental 
glaciation in the Pleistocene. Data from both described and undescibed species 
are plotted. Map based on Holsinger (in press). 

99 



species in this group from the western United States (Holsinger, 
unpublished).As shown in Figure 1, the 'new species from 
Vancouver Island occurs approximately 320 km farther north than 
any other member of the hubbsi group and is further isolated 
geographically by virtue of its apparent restriction to an island 
that is separated from the mainland by deep marine straits. 
Members of the hubbsi group are recorded from a wide variety 
of subterranean groundwater habitats, including limestone and 
lava caves, wells , springs, interstices of gravel substrates beneath 
surface streams (hyporheic) , and the outflow of seeps 
(hypotelminorheic). In addition , two species are recorded from 
the depths of Lake Tahoe and several are reported from 
interrumpted surface streams, but like all other species of 
Stygobromus they are of subterranean facies and are considered 
to be stygobionts (Holsinger 1974, Ward and Holsinger 1981). 

Observations and Discussion 

The apparent restriction of the Vancouver Island species to 
the subterranean groundwaters of a glaciated karst region and 
its geographic isolation from closely related species on the 
mainland by a substantial marine-water barrier raises some 
interesting zoogeographic questions . (1) Was this species able 
to survive one or more periods of glaciation in groundwater refugia 
beneath the ice? (2) Did this species evolve from freshwater 
ancestors that were already established on the island prior to 
development of the Juan de Fuca Strait in the Eocene, or did it 
gain access to the island from the mainland by dispersal through 
interstitial routes in coarse sediments of the Quadra Sand which 
infilled parts of the Georgia Strait in the late Pleistocene? 

Vancouver Island is presently isolated from the mainland on 
the east and south by marine waters of the Georgia and Juan 
de Fuca straits, respectively. Georgia Strait is a downwarped 
trough believed to have originated during a period of tectonic 
activity in the Late Cretaceous (Jeletzky 1965, Sutherland Brown 
1966), whereas Juan de Fuca Strait has existed as a major marine 
embayment since its origin in the Eocene (Mayers and Bennet 
1973). Apart from glacial periods when these straits were probably 
filled with ice, Vancouver Island has been effectively isolated from 
mainland North America since late in the Eocene. 

Stygobromus, as well as all other members of the family 
Crangonyctidae, is known only from freshwater environments, and 
marine relatives or putative marine ancestors are completely 
unknown (Holsinger 1977, in press). Crangonyctids are believed 
to have lived in freshwaters of the Holarctic region since the time 
of the Laurasian paleocontinent in the Mesozoic (Holsinger, in 
press). 

Given these observations, let us now examine closely the two 
zoogeographic questions raised above. Assuming for the moment 
that Stygobromus was present on the i~land prior to one or more 
glacial advances in the Pleistocene, what is the possibility that 
it survived the potentially inimical effects of glaciations? The 
occurrence of a small but significant number of stygobiont 
crustaceans, principally amphipods and isopods, in glaciated 
regions of the Northern Hemisphere, where most cave faunas are 
thought to be have been extirpated by glacial action , is clearly 
documented (see Holsinger et al. 1983). In North America, at least 
six stygobiont amphipods, including the one from Vancouver 
Island, are either endemic to glaciated regions or represented 
there by disjunct populations far removed from those in 
unglaciated regions to the south (Holsinger et al. 1983). To explain 
these relict distributions, one of us (JRH) has hypothesized 
elsewhere, that under certain conditions some aquatic 
subterranean species might have survived extended periods of 
glaciation in deep groundwater refugia beneath the ice, and that 
their present ranges have not resulted from northward migrations 
since Wisconsin time but instead probably reflect very old, 
preglacial distributions (Holsinger 1978, 1980, 1981 ). The evidence 
in support of this theory was reviewed recently by Holsinger et 
al. (1983) and need not be repeated here. This theory applies 
with equal weight to Vancouver Island, where caves were probably 
covered by extensive Pleistocene glaciers, the last of which, the 
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Fraser glaciation , lasted for about 29.000 yr B.P. until about 8.500 
yr B.P. (Heusser 1960, Alley and Chatwin 1979, Howes 1981). 
According to the subglacial refugium model, it is conceivable that 
Sygobromus n. sp., like other congeners in glaciated parts of 
North America, could have survived one or more periods of 
glaciation on Vancouver Island. 

Turning now to the second question, two alternate hypotheses 
can be advanced to explain the occurrence of Stygobromus n. 
sp. on Vancouver Island (Holsinger and Shaw, ms. in prep.). The 
first , which is a vicariance hypothesis, suggest that putative 
ancestors of the hubbsi group species were formerly widely 
distributed in central and western North America and that the 
present species have evolved from populations that were 
geographically isolated throughout the range shown in Figure 1. 
This theory assumes that the ancestor of Stygobromus n. sp. 
was present on what is now Vancouver Island prior to 
development of the Juan de Fuca Strait in the Eocene, and that 
this species has been isolated from other members of the hubbsi 
group for approximately 40 million years. Although very little is 
known about the rate of morphological change among species 
of Stygobromus, the close morphological similarity of the 
Vancouver Island species to those on the mainland would suggest 
a far shorter period of isolation than is implied in this 
hypothesis. 

The second hypothesis, which is based in part on dispersal, 
suggests an invasion of Vancouver island by Stygobromus in the 
Pleistocene, and is therefore more easily reconciled with the close 
morphological similarity between the island and mainland species. 
According to this theory, the most recent potential freshwater 
link between Vancouver Island and the mainland occurred near 
the initiation of Fraser glaciation, coincident with deposition of a 
widespread lithological unit called the Quadra Sand (Clague 1976, 
1977). These sands are a north-south diachronous deposit laid 
down at the tongue and margins of glaciers advancing southward 
down the Georgia Strait and onto the Puget Sound lowlands. 
During the period of deposition, parts of Georgia Strait were 
infilled by sands and gravels pushed forward by advancing 
glaciers, resulting in extensive flood plains and braided river 
channels supplied by meltwaters (Clague 1977, Fyles 1983). 
Assuming that Stygobromus was present on the mainland of 
British Columbia prior to Fraser time, it is conceivable that these 
organisms colonized interstitial habitats in the flood plain gravels 
and utilized them as a dispersal route to the island. In further 
support of the dispersal hypothesis, is the presence of Quadra 
Sand deposits in the same general vicinity as the cave localities 
for Stygobromus on Vancouver Island. Moreover, considering the 
great distance and discontinuous belts of cavernous limestone 
between the two known cave localities, there is a good possibility 
that this species continues to occupy groundwater habitats 
outside of caves per se and that its present range is therefore 
determined in part by interstitical dispersal. 
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Distribution des amphipodes {Crustacea) dans les eaux hypogees 
interstitielles des alluvions de la save par rapport aux conditions des biotopes 

RESUM 

M. Mestrov, Romana Lattinger et M. Kerovac 
lnstitut de zoo/ogie de la Faculte des Sciences 
naturel/es-mathematiques de l'Universite de Zagreb 

Una ana.lisi de la fauna dels amffpods s 'ha dut a terme durant /es investigacions eco/ogiques de /es aigues suberra.nies intersticia/s 
al flarg def curs def riu Save. Les especies def genere Niphargus s6n /es mes abundants: N. minor, N. longidactylus, N. multipennatus, 
N. labascensis, N. serbicus, N. lattingerae, N. sp. A remarcar la presencia tambe de Bogidiella albertimagni i Synurella ambulans. 

S'ha estudiat la distribuci6 horitzontal i vertical d 'aquests amffpods. El mes abundant es N. minor (42,5 % de tots els amffpods), 
el qua/ nomes ha pogut esser localitzat en els floes mes influenciats per la po/·fuci6 def riu. En aquests mateixos indrets s 'ha trobat 
tambe N. sp., si be que en un nombre molt mes restringit. 

La influencia de /'aigua contaminada s 'ha pogut constatar a partir de /es variacions sofertes en la concentraci6 d 'O2 i CO2' en 
la quantitat de substa.ncies orga.niques i altres propietats qufmiques. Tambe segons els bacteris -sobretot co/iformes-, segons la 
penetraci6 de la fauna epigea procedent def flit def riu: Tubificidis (O/igoquets) i /es /arves de Chironomidis (Dfpters). 

Altres especies, com N. longidactylus, dins /es mes nombroses, ha estat torbada sovint en floes on la influencia def Save era 
escassa o be no es notava en absolut. 

RESUMEN 

Un analisis de la fauna de /os anffpodos ha sido rea/izado durante las investigaciones eco/6gicas de las aguas intersticiales 
subterraneas a lo largo def rfo Save. Las especies def genero Niphargus predominan: N. minor, N. Longidactylus, N. multipennatus, 
N. labacensis, N. serbicus, N. lattingera, N. sp., Bogidiella albertimagni y Synurella ambulans son singulares. 

Ha sido estudiada la distribuci6n horizontal y vertical de estos Anffpodos.- El mas abundante es el N. minor (42,5 % de todos 
los Anffpodos), que so/amente ha sido haflado en /os /ugares mas influenciados por el rfo polucionado. En los mismos lugares han 
sido haflados N. sp., aunque en numero mas restringido. 

La influencia def agua polucionada se ha'podido constatar segun las variaciones de 02 y CO2' cantidad de substancias organicas 
y otras propiedades qufmicas: segun las bacterias, sobre todo co/iformes; segun la penetraci6n de la fauna epfgea proveniente def 
/echo def rfo: Tubificidos (O/igochaeta) y las larva§ de /os Chironomidos (Diptera). Otras especies, N. longidactylus como la mas 
numerosa, ha sido haflado mas a menudo donde la influencia def Save era debit o bien no exist/a en absoluto. 

RESUME 

Une analyse de la faune des Amphipodes est effectuee pendant /es recherches eco/ogiques des eaux interstitefles souterraines 
le long de la riviere Save. Les especes du genre Niphargus predominent: N. minor, N. longidactylus, N. multipennatus, N. labacensis, 
N. serbicus, N. lattingerae. N.sp. , Bogidiella albertimagni et Synurella ambulans ete singulieres. 
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On a etudie la repartition horizontale et verticale de ces Amphipodes.- Le plus abondant ete N. minor (42,5 % de tous 
Amphipodes), qui etait trouve seulement sur /es endroits /es plus influences de la riviere poluee. Sur /es memes lieus etait trouve 
N.sp., quoique en nombre plus restreint. 

L 'influence de /'eau po/uee on a pu constater selon /es variations de 0 2 et COz, quantite des substances organiques et des 
autres proprietes chimiques; selon la presence des bacteries, surtout des coliformes; d 'apres la penetration de la taune epigee 
provenant du lit de la riviere: Tubificides (Oligochaeta) et /es larves des Chironomides (Diptera). D 'autres especes, N. longidactylus 
com me la plus nombreuse, on /es a trouvees le plus souvent ou /'influence de la Save etait taible ou ii n 'existait pas du tout. 

Introduction 

Avec !'augmentation de la surcharge des cours d'eau en matie
res de rebut , le danger de pollution des eaux hypogees ayant 
un lien avec ces cours d 'eau a augmente, or elles sont une 
importante source d 'eau potable. Pour cette raison, l'inten~t a 
l'egard des recherches faites dans les eaux interstitielles s'est 
accru, etant entendu qu 'une plus grande attention est consacree 
aux conditions ecologiques des regions ayant fait l'objet des 
recherches, ainsi qu'a leurs biocenoses (Danielopol 1976, 1980; 
Delamare-Deboutteville 1960; Husmann 1966, 1977, 1982; Mestrov 
1960; Ruffo 1961 ). Les recherches actuelles sont orientees vers 
la recherche des parametres pour !'evaluation des interactions 
des eaux hypogees et epigees, et !'estimation de la qualite des 
eaux hypogees (Danielopol 1976; Ferrarese et Sambugar 1976; 
Gibert et al. 1977; Mestrov et al. 1976; Mestrov et Lattinger-Penko 
1978; Seyed-Reihani 1982; Dole 1984). 

Nous presentons ici l'essai en vue d 'etablir la dependance de 
la faune des amphipodes des eaux interstitielles sur la force de 
!'influence de l'eau fluviale polluee. En d 'autres termes, en vue 
de trouver egalement dans les eaux hypogees des parametres 
biologiques selon lesquels pourrait etre defini le degre de pollu
tion . 

Materiaux, lieu et periode des recherches 

La partie des travaux faite sur le terrain a ete effectuee de 
l'automne 1979 au printemps 1981 . Les echantillons d'amphipo
des utilises dans cet expose ont ete recueillis a !'aide de pompes 
par des tuyaux piezometriques, en septembre, octobre et decem
bre 1979, et en mars 1980. Nous profitons de cette occasion 
pour remercier le Dr Gordan Karaman de Titograd, qui les a deter
mines. 

La puissance et la portee de !'influence des eaux fluviales ont 
ete determinees par des recherches ecologiques, a savoir des 
analyses des proprietes physico-chimiques, bacteriologiques et 
faunistiques des eaux interstitielles et des eaux de la riviere Save 
ont ete effectuees (Mestrov et al., 1983). 

Des recherches des eaux hypogees ont ete faites a six postes 
disposes sur une distance de 84,7 km du cours de la riviere Save 
(737,4-652,7 km), ou ont ete disposes des tuyaux piezometriques, 
individuellement ou en series. Les postes ont ete choisis de fac;;on 
ace qu'ils puissent donner un aperc;;u des eaux hypogees le long 
du cours et lateralement au cours de la riviere, etant donne qu 'a 
deux stations ont ete practiquees des series de forages en plan 
perpendiculaire au cours de la riviere (figure 1 ). A la station Ill , ii 
y avait 4 groupes ayant chacun 5 tuyaux allant de 0,5 a 7 m de 
profondeur. La description detaillee des postes est presentee 
dans l'etude de Mestrov et al., 1983. 

Resultats et discussions 

Grace a la disposition des forages sur les lieux choisis , nous 
avons pu suivre entre Brezice et Sisak les proprietes des eaux 
hypogees le long de la Save, a differentes profondeurs et distan
ces de la riviere. Dans ce but ont ete mesures simultanement 
dans les eaux interstitielles et dans la riviere : la temperature, 
l'oxygene, le gaz carbonique, l'alcalinite, la durete de l'eau, les 
compositions azotees (ammoniaque, nitrates, nitrites), demande 

ont ete determinees les bacterias heterotrophes et les coliformes, 
puis quelques groupes physiologiques de bacterias. Une evalua
tion saprobiologique de l'eau de la Save a egalement ete faite , 
la composition de la faune des eaux hypogees a ete analysee, 
la densite des populations a ete evaluee, ainsi que sa repartition 
sur l'espace (Mestrov et al. 1983). 

Selon les modifications des parametres mesures, l'on voit que 
!'influence des eaux epigees diminue rapidement avec l'eloigne
ment de la riviere et de la profondeur. Ceci est evident par le 
mode d 'oscillation des parametres mesures, le changement du 
nombre des bacteries et des representants de la faune epigee. 
A Brezice (poste I), !'influence est indiquee jusqu'a 80 m au 
minimum; a Podsused (poste II) jusqu'a 200 m des deux cotes 
de la riviere et a Opatovinski sprud (poste Ill) jusqu 'a 100 m, en 
fonction du niveau des eaux egalement. II est aussi visible que 
!'influence de la riviere dans la region de ces stations est favorable 
a la faune car les populations les plus nombreuses et les plus 
diverses sont developpees a cet endroit. C'est peut-etre parce 
que les oscillations des facteurs ecologiques ne depassent pas 
la valence de ces animaux, et ii y a egalement a cet endroit-la 
une plus grande accumulation . de matieres organiques (nourritu
re). 

Le poste Opatovinski sprud est particulierement interessant; 
a !'aide de quatre groupes de forages a des distances differentes 
de la riviere, et sur la base des parametres mesures et des 
analyses de la faune interstitielle, on a pu y definir la region du 
biotope hyporheique. A cet endroit , ii a une largeur d 'environ 135 
m. On a pu y determiner la profondeur et la largeur de la penetra
tion de la faune fluviatile dans les interstices des alluvions pres 
de la riviere . Dans le sens contraire , la penetration dans la zone 
riveraine de la faune hypogee (phreatique) provenant des eaux 
hypogees lointaines, et son melange avec la faune venant de la 
riviere ou qui vit en permanence dans le milieu hypoge de la 
riviere (biotope hyporheique), sont visibles. 

Dans les postes en aval (Blato IV, Prevlaka V, Ruca VI) , qui 
ont les proprietes des eaux phreatiques typiques (temperature 
uniforme, durete elevee, peu de 0 2, beaucoup de CO2, peu de 
bacterias et de matieres organiques), la faune s'appauvrit de plus 
en plus tant en ce qui concerne les taxa que le nombre des exem
plaires. 

Outre la repartition generale de la faune interstitielle, nous 
avons particulierement observe le groupe des crustaces amphipo
des. 

Au cours des recherches faites dans les eaux interstitielles le 
long de la riviere Save, 9 especes d'amphipodes ont ete trouvees: 

I lreilce 

II Pod1u .. d 

111 Opotovln1ki 1prud 
IV llato 
Y Prevlaka 

VI Rulo 

en KMnO4, demande biochimique en oxygene (0805). Ensuite Fig . 1. Disposition des posies de recherche. 
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Niphargus minor, N. Jongidactylus, N. multipennatus, N. /abacen
sis, N. lattingerae, N. serbicus, N. sp., Bogidiella albertimagni et 
Synurella ambulans. 

Au total ont ete recueillis 13.943 exemplaires d'invertebres 
macroscopiques, et la part des amphipodes s'y eleve a un total 
de 2,8 % seulement. Par leur nombre, ils sont les deuxiemes 
parmi les animaux hypoges. Le pourcentage d 'amphipodes et le 
nombre moyen de leurs individus par echatillon (200 I d'eau) sont 
tres differents d'un poste a l'autre, et augmentent, en principe, 
avec la diminution de !'influence de l'eau de la riviere (figure 2). 
A Opatovina, un poste ou le pourcentage des amphipodes est 
eleve parmi tous les invertebres interstitiels (8,8 %), est divergent. 
C'est ici que l'on trouve le plus grand nombre moyen d'amphipo
des par echatillon (21 exemplaires par 200 I d'eau). C'est sembla
ble a un point de Podsused ou le pourcentage d 'amphipodes 
estest de 2,4 % de la faune totale, soit en moyenne 9 individus 
dans 200 I d'eau. Un aussi gran nombre d'amphipodes a ces 
postes ou !'influence de l'eau de la Save est plus forte, peut 
s'expliquer par le fait que les amphipodes sont representes para 
les especes N. minor, N. longidactylus et N. multipennatus dont 
N. minor vient, selon nos recherches, exclusivement dans de tels 
endroits ou !'influence est forte; les deux autres especes ont ete 
trouvees dans des situations ecologiques tres differentes des 
eaux interstitielles. 

Aux points hors de !'influence de l'eau de la riviere (Blato-lV, 
Opatovinski sprud-111/4), l'on trouve le plus grand pourcentage 
d'amphipodes - 16,7, respectivement 12,4 %. Un tres petit pour
centage d'amphipodes dans !'ensemble de la faune est aux points 
qui sont sous !'influence permanente de l'eau de la Save (I , 11/1 , 
111/1, 111/2). 

La diversite des especes d'amphipodes est differente egale
ment d'un point a l'autre. La diversite des especes d'amphipodes 
est la moindre aux points ou les conditions ecologiques sont 
extremes a cause de !'influence des eaux polluees de la Save (I , 
11/1, 111/1, 111/2, 111/3). 

Fig. 2. Densite des populations d 'amphipodes (grandeur des circles) et le pourcenta
ge de teurs especes dans /'ensemble de ta faune (segments des cerctes). 
/-IV - signes de postes 
Le nombre au-dessous du signe du poste - le nombre moyen d 'exemplaires d 'amphi
podes dans 200 I d 'eau. 
Le nombre en parentheses - pourcentage des amphipoodes dans /'ensemble de 
la faune. 

011/3 

I 
0,3(0,5%) 

II 2 

5(1,2%) 

0 ~111/2 
m 11 D o,2co.ot%> 
1,6(2,~0 ) 

Parmi les especes d'amphipodes trouves, les plus nombreux 
sont Niphargus minor, qui represente 38, 7 % de tous les exemplai
res d'amphipodes trouves. Viennent ensuite les especes N. Jongi
dactylus et N. sp. qui representent 29, 7, respectivement 19,7 % 
des amphipodes. Seule l'espece N. multipennatus est encore un 
peu plus nombreuse et represente 6,9 % de tous les amphipodes 
trouves. Les autres especes viennent en petit nombre d'exemplai
res et seulement dans certains echantillons, a certains postes. 
Sur la totalite des 13 postes, dans la majorite d'entre eux (7) 
apparaissent N. multipennatus et N. longidacty/us. L'espece N. 
minor, la mieux representee au point de vue du nombre, a ete 
decourverte seulement dans trois postes (I , 11/5 et 111/3). 

Conclusions 

Sur la base de certaines caracteristiques ecologiques du bioto
pe et de la distribution des amphipodes qui y vivent, nous avons 
pu remarquer que certaines de leurs especes ont des exigences 
ecologiques differentes, car elles se presentent regulierement 
dans des conditions, respectivement dans des zones determi
nees. 

L'espece Synurel/a ambulans dont on sait qu 'elle penetre as
sez profondement dans le substrat poreux, a ete trouvee aux 
endroits ou l'on a remarque une forte penetration de l'eau de la 
riviere lorsque le niveau des eaux est plus eleve. Comme pour 
les autres animaux epiges, on peut done la considerer comme 
un indicateur d'un lien avec les eaux epigees. 

Niphargus minor est l'espece la plus nombreuse et ne vit 
que dans les postes ou l'eau de la riviere est tres polluee. 

Quant aux autres especes, soit qu'elles ne viennent pas aux 
endroits ou l'eau polluee de la riviere exerce son influence, soit 
qu'elles y vivent par intermittence et en petit nombre, qu'elles 
sont davantage liees aux eaux interstitielles naturelles ou la riviere 
a exerce une moindre influence. On peut distinguer parmi celles-ci 
deux groupes, d'apres leurs exigences ecologiques: 

-Niphargus /ongidactylus et N, multipennatus ont, semble-t-il, 
une plus grande valence ecologique, car ces especes vivent dans 
les eaux interstitielles en dehors de toute influence de pollution 
de la riviere, mais aussi aux endroits de plus forte influence. 

-Les especes Niphargus serbicus, N. Jattingerae, N. Labacen
sis et Bogidiella a/bertimagni n'ont pas ete trouvees aux endroits 
de plus forte influence de l'eau de la Save, et ii semble qu'elles 

11/4 
5(3,4%) 

c=J 
~ 
II1IIIllII1 
~ 
1111 
Ill 

Niphargu■ ■p. 

N . minor 

N. longidactylu■ 

N. multipennatu■ 

N. labacensi■ 

N. lattingerae 

11/6 
14(3,3%) 

111/3 
21(8,8%) ~:::J N. ■erbicu ■ 

[;ill] .. B01&idiella albertimagni .. Synurella ambulan■ 
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aient une valence ecologique plus restreinte et qu 'elles soient 
liees aux eaux interstitielles non polluees. 

Ces recherches sont un essai en vue de detecter egalement 
dans les eaux hypogees les parametres biologiques selon lesquels 
ii serait possible de determiner le degre de leur pollution. 

Adresse: Zoologijski zavod PMF (lnstitut de zoologie). Roose
veltov trg 6, 41000 Zagreb, Yougoslavie. 
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The discovery of the ampullary organs in cave salamander Proteus anguinus 
Laur. (Urodela, Amphibia) 

Lili /stenic 
lnstitut of Biology, Edvard Kardelj University of Ljubljana 

RESUM 

Els problemes de l'endemisme restringit de /'urodel cavernfco/a Proteus anguinus van representar un estfmul per a una amplia 
investigaci6 sabre l'organitzaci6 de /'animal en re/aci6 amb /es condicions qufmiques concretes de /es aigues subterranies def carst 
dinaric. Els resultats d 'aquest estudi van fer possible el descobriment, per primera vegada en un fax6 frog/obi, d'organs sensorials 
que Ii permetien la detecci6 de fenomens electrics dins /'habitat. Els organs ampu/'larials def Proteus estan constitui'ts pets «organuls 
de Bugniom (1873), els qua/s s'han seguit considerant com a neuromasts mecanoreceptius. La nova ana/isi morfo/ogica va posar 
de manifest una serie de caracterfstiques prou significatives que permetien de relacionar-los amb els e/ectroreceptors ampu/·/aria/s 
que es coneixen en a/guns vertebra ts d 'aigua dolr;;a. L 'analisi morgo/ogica funcional referent als details estructurals ha demostrat 
que aquests organs def Proteus s6n altament especialitzats i adaptats a la detecci6 de camps electrics, probab/ement abundants 
en /'habitat de/ Proteus i que han de Jugar, per forr;;a, un paper important en el sistema de vida frog/obi. L 'identificaci6 morfo/ogica 
d 'aquests importants organs en Proteus representa un interessant punt de partida per a la investigaci6 de /es formes .d'orientaci6 
de /'animal. 

RESUMEN 

El prob/ema def endemismo restringido de/ urodelo cavernfcola Proteus ahguinus estimu/6 una investigaci6n extensiva de la 
organizaci6n de/ animal en relaci6n con condiciones qufmicas especfficas en las aguas subterraneas def karst dinarico. Los resultados 
tambien hicieron posible el descubrimiento -por primera vez en un tax6n trog/obio- de 6rganos sensoriales para la detecci6n de 
fen6menos e/ectricos en el habitat. Los 6rganos ampulariales de/ Proteus estan representados por /os «pequenos 6rganos>> de 
Bugnion (1873) que continuaron designandose coma neuromastos mecanoreceptivos, el nuevo analisis morfo/6gico descubri6 caracte
rfsticas significativas para /os e/ectroreceptores ampulariales conocidos en algunos vertebrados de agua du/ce. El analisis morfo/6gico 
funcional referente a los detal/es estructurales ha mostrado que estos 6rganos en Proteus estan altamente especializados para la 
detecci6n de campos electricos para los que el autentico habitat de Proteus parece muy probablemente una fuente especialmente 
rica, con respecto al indiscutible papel de/ electrorecepci6n para el sistema de vida trog/obio, la identificaci6n morfo/6gica de estos 
re/evantes 6rganos en Proteus representa un importante punto de partida para la investigaci6n de la orientaci6n def animal. 
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SUMARY 

The question of restricted endemism of the cave urode/e Proteus anguinus stimulated an extensive investigation of the animal's 
organisation in relation to specific chemical conditions in the underground waters of the Dinarian karst. The results also rendered 
possible the discovery -firstly in a trog/obit taxon- of sense organs for the detection of electrical phenomena in the habitat. The 
ampullary organs in Proteus are represented in the «small organs,, of Bugnion (1873), which have remained designated as developing 
mechanoreceptive neuromasts. The renewed morphologic analysis displayed characteristics significant for ampullary e/ectroreceptors 
known in some freshwater vertebrates. The funcional morphological analysis concerning the structural details support the assumption 
that theses organs in Proteus are highly specialised for the detection of electrical fields for which the authentic habitat of Proteus 
is very likely an especially wealthy source. In respect to the indisputable role of e/ectroreception for the frog/obit mode of life, the 
morphological indentification of relevant organs in Proteus represents an important turning point for the investigations of the animal's 
orientation. 

Proteus is the only troglobite vertebrate in Europe, and the 
biggest troglobite animal altogether. Proteus anguinus is as single 
species a member of the Proteidae family. 

The restricted endemism of the neotenous cave salamander 
Proteus anguinus stimulated an extensive investigation of the 
animal 's organisation in relation to the specific chemical conditions 
in the underground waters of the Dinarian Karst (lstenic 1971 , 
1982). Morphological investigations of its sensory organs are an 
important part of the research work combining the study of the 
specific adaptations of the animal with hydrochemical parameter 
studies of its environment. They add to the knowledge of known 
sensory organs in Proteus, like the inner ear (lstenic and Bulog 
1976, Bulog Dissert. 1986) and, on the other hand, help in 
discovering and analysing new sensory organs and modalities, 
like taste buds and ampullary organs with their possible role in 
electroreception. 

The histologic sections and the ultrastructure of the apical 
surface of the sense organs in the buccopharyngeal mucosa have 
been presented previously (lstenic and Bulog 1979). The apical 
parts of the taste buds are exposed on the mucosa! surface (and 
not sunk into a pore). The organs are placed in the central buccal 
cavity and possible on the edge body surfare, where thay have 
been so far found at the of the gill slits. The face suggests, that 
gustoreception with the Proteus may not be limited only to tasting 
the food consumed, but might be expected to extend its function 
still further. 

Ampullary organs were discovered while research on the 
structure of Proteus acoustico-lateralis system was taking place. 
The basic neuromast structure was described by Bugnion (1873), 
and their seismosensory role in Proteus orientation dealt with by 
Briegleb (1962). Morphologically Durand (1971) studied the 
histology and distribution of neuromasts, and compared them to 
lateral·line system in cave fish (Thines and Durand 1973). 

When analyzing the histological sections of the snout, our 
attention was struck by little club-shaped sensory organs, which 
differ significantly from the bigger bulbous ones. Bugnion (1873) 
desribed them to be developing neuromasts, however light 
microscopy has shown them to be fully developed sensory organs 
differing from ordinary neuromasts no only in shape and size but 
also in the configuration of the sensory epithelium. The 
morphological resemblance to known ampullary electroreceptors 
in some freshwater fish as the lung fish Protopterus and 
brachiopterygian Calamoichtyes (Roth and Tscharntke 1976), 
the catfish lctalurus nebulosus (Mullinger 1964, Roth 1969), and 
to probable electroreceptors that have been discovered in the 
order Gymnophyona in larval lchthyophis (Heterington and Wake 
1979) and in several species of the ordo Urodela (Fritzsch 1981), 
proved the conjecture that a new sensory modality, which would 
be of utmost importance for troglobites, migth have been found. 
Addit ional research , making use of the transmission and scanning 
microspope techniques further substantiated the findings and 
established the characteristics of ampullary organs (lstenic and 
Bulog 1984). 

These multicellular sense organs in Proteus occur in the snout 
and the skin epithelium, resting on a slightly lifted basa membrane. 
They consist of a short jelly-filled canal and a single ampulla, 
which is shieldered from neighbouring epitelial cells by mantle 

cells . The canal leads distally to the surface of the skin and 
proximally into the pit of the ampulla, establishing connection 
with apical parts of the sensory and accessory cells . The ampullary 
cells are restricted to the upper third of the ampulla, their nuclei 
lying in a circumferential plane. The lower two thirds of the ampulla 
are densely packed with oblong nuclei of the accesory cells. The 
canal and the ampullar cells are on the luminal side linked by 
tight junctions, their free membranes are microvillary 
differentiated. The apical surface of the sensory cells is 
characterised by microvilli, which are extremely abundant (-400) 
and enlarged. The uniform organisation of the apical microvillous 
part shows a hexagonal pattern. Their length increases from the 
periphery toward the center of the cell, forming a coniform 
structure. A basal body was found in some sensory cells whereas 
a kinocilium was observed only in a single cell . 

The research in electroreception °• has seen a remarkable 
development in the past two decades. The combination of 
morphological analyses, electrophysiological measurements and 
ethological observations offers heuristic perpectives for further 
researchwork, especially in the study of neuronal connections 
and the role of the brain centers in the information processing 
(Bullock et al. 1983). 

In general most electroreceptive fish live in conditions of poor 
visibility and as a rule are the electroreceptive properties 
combined with low visual ability. Under such conditions is 
electroreception an important sense, contributing to feeding, 
comunication and orientation efficiency. Two behavioural features 
related to electroreception in lungfish Protopterus (Roth and 
Tscharntke 1976) and in lchthyopis larvae (Heterington and Wake 
1979) are air,gulping and ground feeding . The blind Proteus lives 
in perpetual darkness, feeds from the ground and has active 
lungs. Its benthic feeding patterns are documented by older 
observations and the yield of organisms from its digestive tube 
(unpublished) whereas gulping of the. air was the objet of 
extensive laboratory (lstenic 1971, Sojar 1980) and field 
investigations (Sojar et al. 1981 ). Due to the neoteny Proteus 
retains the skin sensory equipment characteristic for aquatic 
vertebrates. 

The existence of functional ampullary electroreceptors has 
also been confirmed in another member of the Urodela - in axolotl 
Ambystoma mexicanum, for which ethological (Himstedt et al. 
1982), ultrastructural (Fritzsch and Wahnschaffe 1983) and 
electrophysiological (Miinz et al. 1984) data are avaible. 

The morphological characteristic of the Proteus' ampullary 
organs with their short canals and microvillar cones (densely 
packed microvilli increase the membrane capacitance indicate 
specialization for electrical current detection in very diluted cave 
water where due to resulting high resistance electrical phenomena 
might be an important source of information. 

Ampullary organs are known to detect very weak electrical 
fields in the environment induced by the activity of organisms 
and physico-chemical reactions (Szabo and Fessard 1974). Their 
biological significance hasn't yet been fully elucitated. In the case 
of electroreceptive properties of the catfish lctalurus nebulosus 
electrophysiological and ethol9gical evidences (Peters and 
Buwalda 1972, Roth 1972) has been gathered with data of the 
electrical fields in the habitat (Peters and Bretschneider 1972) . 
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to prove that bioelectrical fields are important for the animal in 
its search for the prey and social behaviour whereas the fields 
of chemical origin serve for orientation. 

Although no direct data are available on the electrical 
phenomena in the habitat of Proteus, the results of our 
hydrochemical studies in the Planinska jama (lstenic 1979, 1982) 
suggest that tne electrical fields due to chemical reactions are 
considerable. Taking into account the karst hydrology notion 
(Gains 1966) owing to interaction of two geomorphological karst, 
systems the kinetics of the chemical reactions is augmented 
which further increases the ionic strength of the karstic aquatic 
environment. Therefore the expression of electrical fields is rather 
irregular but strong . Highest electrical activity can be expected 
in cave areas receiving deep saepage water and its lowering in 
the areas of sinking streams. Analyses of water samples from 
the peripheral and deeper regions of the Planinska jama have 
shown, that the water from the two regions periodically differs in 
oxygen, salt and heavy metal content. Changes of chemical 
parameters are considerable and owing to their periodical and 
rel. Stable appearance the resulting electrical properties could 
be detected by Proteus and used as possible source of 
information in its migrations. 

The fact , that one ampullary sensory cell harbours a kinocilium 
has triggered interpretations of its relationship with the evolution 
of the ampullary system. The organs are considered to be part 
of the lateral-line system and are assumed to have developed by 
morphological and physiological specialization from ordinary 
neuromasts with regression of the kinocilium . Acording to a more 
recent interpretation the ampullary organs developed as a parallel 
sensory system in the earliest vertebrate evolution; the primitive 
ampullary cells bears both microvilli and kinocilium. Our thesis , 
that kinocilium in Proteus ampullary organ could reflect a primary 
structural condition has been susbtantiated with recent 
phylogenetic review of vertebrate electroreceptive system in 
general (Bullock et al. 1983) and the amphibian system in 
particular (Miinz et al. 1984). In the phylogenetic line of Urodela 
the ancient members should possess ampullary organs with 
primitive sensory cells with kinocilium , which would during further 
urodelan evolution gradually and completely disappear. 

We believe that the research on the ampullary structure and 
function could lighten up the origin of the Proteus as it was 
implied by Albin Seliskar (1949/50). This approach accepted , 
Palaeoproteus klatti Herre 1935 was neotenous and lived in the 
twilight hypoxic tertiary Middle European lake habitat. Its skin 
sensory organs included the lateral-line neuromasts and the 
ampullary organs with sensory cells that were equipped with 
microvilli and kinocilium . As the lakes were slowly drying up, 
electroreceptors enabled Palaeproteus to see and find shelter in 
similar conditions in the karstic underground habitats. It was there, 
that morphological and physioethological development of the 
Proteus probably took place, including of course, the 
specialization of its ampullary organs 
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Schooling behaviour in cavernicolous fish and their epigean conspecifics 

Jakob Parzefall and Susanne Senke/ 

RESUM 

La tendencia a formar banes o agrupacions, ampliament estesa entre els peixos, depen de l'existencia d'estfmuls visuals i de 
la lfnia lateral. En absencia d'orientaci6 visual, els peixos estudiats fins avui no presenten comportament de tipus gregari. Per aquest 
motiu el comportament gregari de/s peixos no sembla pas contro/at per la selecci6 natural; per tant, i atenent-nos a l'epoca de 
co/onitzaci6 de /es cavitats subterranies, aquest caracter hauria de presentar-se mes sovint i ser mes variable. 

Aquesta hipotesi s 'ha pogut verificar en pob/acions cavernfco/es de Poecilia mexicana (Poeciliidae) i Astyanax fasciatus (Characi
dae) comparant-les amb elements de la mateixa especie epigea. Val a dir que tant sols s'han utilitzat peixos amb ulls (poblacions 
originals o hfbrides) amb una bona resposta optico-motriu. La tendencia a formar banes de peixos en amdues especies es significativa
ment redui'da en els peixos cavernfco/es i la variabilitat es molt mes gran. Aquests resultats es discuteixen en re/aci6 a la seva 
situaci6 ecologica i al seu habitat cavernfcola. 

RESUMEN 

La tendencia a formar bancos o agrupaciones, ampliamente extendida entre los peces depende de la existencia de estfmulos 
para la vista y la lfnea lateral. En ausencia de orientaci6n visual /os peces estudiados hasta hoy no presentan comportamiento de 
tipo gregario. 

Por este motivo el comportamiento gregario en /os peces cavernfco/as parece no estar controlado por la se/ecci6n natural. Por 
tan to, yen re/aci6n a la epoca de colonizaci6n de las cavidade_s subterraneas, este caracter deberfa mostrarse mas y mas variable. 

Esta hip6tesis se ha verificado en poblaciones cavernfco/as de Poecilia mexicana (Poeci/iidae) y Astyanax fasciatus (Characidae) 
comparando/as con e/ementos de la misma especie epigeos. Tan s6/o se han utilizado peces con ojos (pob/aciones originales o 
hfbridos) con una buena respuesta 6pticomotora. La tendencia a formar bancos en ambas especies es significativamente reducida 
en los peces cavernfcolas y la variabilidad es mayor. Estos resultados se discuten en re/aci6n a su situaci6n eco/6gica y su habitat 
cavernfco/a. 

SUMMARY 

The schooling behaviour wid/ey distributed among fish depends on . stimuli for the visual and the lateral line system. In the 
absence of visual orientation the fish species studied up to now do not school. 

For this reason the schooling behaviou in cave fish seems to be no longer controlled by selection. So in relation to the time of 
cave colonisation this trait should become more and more variable. 

We have tested this hypothesis in cave populations of Poecilia mexicana (Poeciliidae) and Astyanax fasciatus (Characidae) in 
comparison to epigean conspecifics. Only eyed fish (original populations and hybrids) with good optomotoric response have been 
used. The tendency for schooling in both species in significant reduced in the · cave fish and the variability increased. The results 
will be discussed in relation to the oeco/ogica/ situation in the cave habitat. 

1. Introduction 

The schooling behaviour is wideley distributed among fish 
(Senkel, 1983). From different studies on schooling the important 
role of visual orientation is well known (Partridge and Pitcher, 
1980). So it is not surprising that the cave-fish studied did not 
show this behaviour: in Caecobarbus geertsi (Cyprinidae) (Berti 
and Thines, 1980), Barbobsis devecchii (Cyprinidae) and 
Uegitglanis zammaranoi (Clariidae) (Jankowska and Thines, 1982) 
the fish are in a random spatial distribution in their cave habitats 
and in aquaria. In Poeci/ia mexicana (Poeciliidae) and Astyanax 
mexicanus (= fasciatus) (Characidae) the fish swim without 
contact, dispersed throughout the cave pool (Parzefall 1979; 
1983). The absence of schooling has also been ,described in an 
epigean population of A mexicanus which lives near a cave 
entrance and shows an affinity to the cave (Romero, 1983). 
However, in epigean conspecifics of A. mexicanus and P. 
mexicana studied in Mexico schooling has been reported as 
common organisation in the epigean habitat (Parzefall, 1979; 
1983). 

The question arises whether the cave fish do not school 
because of the absence of visual orientation or of a genetically 
based reduction phenomenon. To answer this question indfviduals 
of the cave population of Poeci/ia mexicana with functional eyes 
have been tested for schooling in light and darkness. In Astyanax 
mexicanus only individuals of the population of the Micos cave 
after selection for functional eyes could be used. For the other 
population of A mexicanus which is completely blind there could 
obtained eyed fish for the experiments only after hybridisation 
with epigean conspecifics. The results in eyed cave-fish and cave-
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fish hybrids have been compared with the results of epigean 
conspecifics . 

2. Material and Methods 

An epigean population of Astyanax mexicanus from Rio 
Teapao and cave-fish populations from Cave Micos (Wilkens and 
Burns, 1972) and Cave Piedras have been used. The Piedras fish 
which are completely blind have been hybridized with the T~apao 
River fish in the laboratory at the Zoological Institute of Hamburg 
University. 

In Poeci/ia mexicana an epigean population of the Rio Teapao 
near the town T eapa and one of the Arroyo del Azufre near the 
cave entrance have been used. The cave-fish have been collected 
in the inner part of the cave (Chamber XIII, Peters et al. 1973). 
All animals have been imported directly from Mexico and have 
been rebred in light in the laboratory at our institute. 

The eyed Micos cave fish are the result of a selection 
conducted in our laboratory by Horst Wilkens. 

The visual orientation in all our cave fish and hybrids has been 
measured by the optomotoric response with a normal test 
apparatus. It consists of a rotable 25 cm plastic disc on which 
in a vertical position a 20 cm -high plastic cylinder with 23,5 cm 
diameter could be mounted. The device was rotated by a 
reversible , variable speed electric motor. The average speed used 
was 4 rotations per minute. The visual stimuli were 
interchangeable striped panels lining the plastic cylinder and 
consisting of vertical black and white stripes of equal width . The 
following stripes have been tested : 5,0 mm, 2,5 mm, 1,3 mm and 
0,5 mm. They provide visual angles of 2° 30 ', 1° 1 ', 39', 15' of 
arc (Senkel , 1983). The test fish were restained in a 20 cm diameter 
polyacryl-cylinder hanging in the center. To keep the fish in a 
definite distance to the stripe-patterns smaller cylinder could be 
placed into the center of this cylinder . The light intensity in the 
apparatus was about 630 Lux. Each fish has been tested after 
a maximal adaptation time of 5 min. during a maximum of 10 
min. observation time. 

In Poecilia mexicana only cave fish with a visual acuity of 15' 
of arc have been chosen for the observation of schooling . In 
Astyanax mexicanus of the F 2-generation 8 fish with a visual 
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Fig. 2. Poecilia mexicana a)tendency to follow the school during a 10 min test in 
, three different populations and b) number of changes between A and B (see fig. 
1). x - mean, SO - standard deviation. 

acuity of 15' of arc and two with 39' of arc and of the Micos fish 
4 individuals with 15', 6 with 39' and 2 with 1 ° 1' of arc have 
been used for the observation experiments. In epigean fish and 
in the F1-generation no optomotoric response has been measured. 
The tendency for schooling has been tested by a simple 
experiment: an observation tank of 300 1 has been separated by 
transparent perforated screens in three compartments. The 
ceompartment in the middle was divided in two parts (A and B 
in fig . 1) by a black line marked on the front pane. The test fish 
in the middle was able to see the school of conspecifics in the 
right or in the left compartment. In case of being attracted by 
the school he should stay in A or B near the school. In addition 
the number of changes between A and B as a measure of 
unsteadiness also has been registerd during a 10 min. test. An 
infrared light with a filter of 800 nm and an infrared TV-camera 
have been used for the observation in darkness. 

In Poeci/ia mexicana only subadult fish have been tested to 
prevent sexual attraction (Parzefal l, 1973). Each fish has been 
observed 10 times and the mean has been taken. In Astyanax 
mexicanus adult individuals of both sex have been observed once 
except the F 2-generation in which each fish has been tested 6 
times. The results have been analyzed by the t-test and the U-test 
of Wilcoxon, Mann and Whitney. 

3. Results 

3.1. The populations of Poeci/ia mexicana (fig. 2a,b) 
The epigean fish of the Rio Teapao (PMT) is orientated in 

visible light nearly all the time of the test to the school. In 
comparison to this population the tendency to follow the school 
of conspecifics is already significantly (p < 0,05, U-test) reduced 
in the epigean population (PMO) of the milky water of the Arroyo 
del Azufre near the cave entrance. There is no difference to the 
cave population. In both these populations there is a striking 
increase in the variability. 

However, in darkness no preferencee for the school in the 
test aquarium has been registered as shown for PMO. These 
data are in accordance with the number of changes (fig . 2b) in 
the test area betwenn the side with school and side without 
school : the Teapao population with a tendency for schooling 
shows a few changes only. In both other populations the changes 
are significantly higher (p < 0,05, U-test) and variable. In darkness 
the population PMO had a mean of 52 for the number of changes 
per test. 

3.2. The populations of Astyanax mexiyanus (fig. 3a,b) 
The F1 and the epigean fish of the Rio Teapao show great 

tendency to follow the school. The F 
2
-generation with the blind 

fish of the Piedras cave as well as in the eyed Micos cave fish 
this tendency is significantly reduce (p < 0,01 , t-test) . But the 
epigean fish and the F ,-generation studied in darkness with 
infrared cease schooling (p < 0,01 , t-test) . As in P. mexicana the 
epigean population .in visible light has a low number of change 
(fig. 3b). This number is significantly increased in the F

2
-generation 

(p < 0.05, t-test) and the Micos fish (p < 0,01 , t-test). 
The variability for the number of changes and the tendency 

to follow the school was extremely high in the F2-generation . Two 
of these fish did not follow the school despite a good optomotoric 
response. 

4. Discussion 

The observation in darkness demonstrates the important role 
of the visual system for the schooling behaviour in both species 
studied . Despite good visual orientation cave fish hybrids in 
Astyanax mexicanus show a weeker tendency for schooling than 
epigean fish and an increased variability in the F

2
-generation. 

Two individuals in the F 2-generation did not react to the school 
during a series of six tests. From these data one can conclude 
that in the cave-dwelling A mexicanus there seems to exist a 
genetically based reduction of schooling behaviour. 

In the second species studied, P. mexicana, the reduction of 
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Fig. 3. Astyanax mexicanus a) tendency to follow the school, b) number of changes 
between A and B (see fig . 1). L - light; D - dark, F1 - hybrids between epigean fish 
and a blind cave fish; F2 - hybrids of F1- individuals. Micas - cave fish with eyes, 
Teapeo-epigean fish. 

the tendency for schooling takes already place in the epigean 
population near the cave entrance. This can be explained by the 
ecological situation: the Arroyo del Azufre coming out of ~~e cave 
has a milky colour which is caused by sulphur Peters et al11 (1973). 
This milky water causes difficulties in visual orientation and 
therefore in schooling. So the schooling and the visual apparatus 
are no longer controlled by selection. The results are highly 
variable characters (Peters et alii , 1973). In the present case the 
schooling becomes already variable in the milky water outside of 
the cave and the degree of reduction remains unchanged inside 
the cave. It seems that during the colonisation of caves the 
selection may play a minor role compared with the accumulation 
of neutral mutations and genetic drift (Parzefall, 1986). In addition 
to schooling circadian locomotory activity (Parzefall , 1986) also 
becomes variable in cave populations. On the basis of eye and 
pigment reduction in cave animals Kosswig (1963) developed the 
hypothesis that the absence of stabilizing selection allows an 
accumulation of selectively neutral mutations, and that variability 
decreases during cave live within a population because of 
mutation pressure. In phylogenetically old cave animals this leads 
to genetic homozygosity and diminished variability for the reduced 
patterns. In ecoethological studies one always tries to find a 
selection pressure as explanation for behaviour changes. But in 
case of an increasing variability the absence of stabilizing 
selection should be tested alternatively for explanation. It is 
possible that this is also an important principle we can ·find during 
the colonisation of new habitats. 

Summary 

Tne schooling behaviour widely distributed among fish 
depends on stimuli for the visual and the lateral line system. In 

the absence of visual orientation the fish species studied up to 
now do not school. 

For this reason the schooling behaviour in cave fish seems 
to be no longer controlled by selection . So in relation to the time 
of cave colonisation this trait should become more and more 
variable. 

We have tested this hypothesis in cave populations of Poecilia 
mexicana (Poeciliidae) and Astyanax fasciatus (= mexicanus) 
(Characidae) in comparison to epigean conspecifics . Only eyed 
fish (original populations and hybrids) with good optomotoric 
response have been used. The tendency for schooling in both 
species is significantly reduced in the cave fish and the variability 
is increased. The results will be discussed in relation to the 
ecological situation in the cave habitat. 
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Evidence of hypoxic conditions in the habitat of the cave salamander Proteus 
anguinus in the Planinska jama 

Lili lstenic 
lnstitut of Biology, Edvard Kardelj University of Ljubljana 

RESUM 

La consideraci6 def deficit d 'oxigen es una condici6 important per a /'adaptaci6 de/ Proteus. Ourem a terme a/gunes indagacions 
sabre a/guns parametres qufmics referents a /'habitat d 'aquest animal. Presentarem, concretament, els resultats de Jes analisis 
qufmiques efectuades a la cova de «Planiska Jama», on el 1969, a Jes aigues def /lac Putick, es va trobar un deficit d'oxigen def 
80 %. A/If hom va poder constatar un curios fenomen : aquest baix grau d 'oxigenaci6 s'estenia, per igual, des de/ tons de/ /lac fins 
a la superffcie. Aixo ha pogut esser confirmat cins cops, en perfodes en que el nive/1 de Jes aigues era extremadament baix. Les 
ultimes dades de que es disposa, a /'Est, sabre Jes condicions d'hipoxia dins l 'aigua, varen esser completades amb analisis de 
/'atmosfera situada per sabre el /lac: la proporci6 d 'oxigen (Oz) era de 11 % i la de dioxid de carboni (COz) def 0, 1 %. 

Diverses dades comparatives d 'altres analisis, ampliades a d 'altres indrets de la cova, van ajudar a una mil/or interpretaci6 de/ 
fenomen : la hipoxia que s 'havia pogut constatar era un fenomen normal, re/acionat amb /'e/evat grau de mineralitzaci6 de/ corrent 
d 'aigua subterrani que fluia cap a un punt d'aigues tranquiles de/ /lac. 

RESUMEN 

La consideraci6n def deficit de oxfgeno es una condici6n importante para la adaptaci6n def Proteus. Vamos a efectuar investigacio
nes sabre a/gunos parametros qufmicos de/ habitat de este animal. Presentaremos los resultados de/ analisis qufmico efectuado en 
la cueva de «Planiska Jama», donde en 1969, en el Lago Putick, se encontr6 un deficit de oxfgeno de/ 80 % en el agua. El fen6meno 
unico de que el bajo grado de oxigenaci6n estuviera igualmente extendido desde el fondo hasta la superficie def Iago, ha sido 
confirmado cinco veces en los perfodos de nivel de/ agua extremadamente bajo. Las ultimas mediciones en el Este, en 1985, de 
las condiciones de hipoxia en el agua, fueron completadas con analisis de la atm6sfera por encima de/ Iago, donde se encontr6: 
11 % (Oz) y 0, 1 % (COz). 

Datos comparativos de analisis qufmicos ampliados de otras /oca/idades de la cueva ayudaron a la interpretaci6n de que el 
estado de hipoxia encontrado es un suceso normal re/acionado con el alto grado de mineralizaci6n en la corriente de agua subterranea 
que acude a un punto tranqui/o def Iago. 

SUMMARY 

The consideration of the oxygen deficit is an important condition for the adaptation of the Proteus, led us to investigate some 
chemical parameters in the animal 's habitat. We will present the results of the chemical analysis undertaken in «Planinska jama11 
cave, where, in 1969 in the Putick lake, an 80 % oxygen deficit was found in the water. The unique phenomenon that the low degree 
of oxygenation was equally extended from the ground to the surface of the lake had been conformed five times at the periods of 
extremely low water stand. The last measurements in the east in 1985 of the hypoxyc conditions in the water were completed with 
analysis of the atmosphere above the lake, where 11 % [Oz] and 0, 1 % [COz] was found. 

Comparative data of enlarged chemical analysis from other localities in the cave bolstered up the interpretation, that the 
established hypoxyc state is a regular event connected with the high degree of mineralisation in the underground water flow coming 
to a stand-still in the lake. 

At the starting point of our long terming investigations we 
connected the endemism of Proteus whith its specialised neotenic 
nature and we searched in the chemical properties of the cave 
water the basis for estimation of animal 's peculiarities in the sense 
of energetic adaptations. 

The working hypothesis stating that quality of subterranean 
karst waters in the deepernand unapproachable areas of cave 
systems are analogous to the conditions in monimolimnion of the 
natural meromictic lakes (Hutchinson 1957, Ruttner 1956) 
showed common properties such as darkness, constant 
temperature, increased salt and CO2 concentrations and 
deficiency of oxygen . Including the lack of oxygen as an important 
condition for development of Proteus peculiarities is very 
controverse in recent biospeleological literature as being based 
without measurements (Poulson 1964, Vandel 1964). So we 
have made the first testing by experimental checking of Proteus 
resistance in water with low level of oxygen (1,4 - 0,3 mg 02/1). 
In the Putick lake of the Planinska jama we have measured 
afterwards oxygen concentration of the water and found values 
of 2,9 mg0

2
/1 at the bottom of the lake as well as on its surface 

(lstenic 1971) 

Physiological and biochemical investigations in Proteus have 
given new data about its oxygen consumption (lstenic and Sojar 
1974) and lung breathing (Sojar 1980, 1981). In the view of 
depigmentation a high concentration of riboflavin has been 
prooven in the skin (lstenic and Ziegler 1974). In the parallel 
running investigations of the environment we have started to test 
the regularity of deoxygenation state of the Putick lake. With 
improved hydrochemical methods, including more localities in the 
interesting cave regions, we tried to get an insight in special 
conditions being responsible for deoxygenation . 

Our aim is to represent briefly the main results of the 
hydrochemical investigations and to draw attention to Proteus 
microhabitat which might fit the anticipated deep cave areas 
_inaccessible to man, with lack of air movement where the 
troglobites withdraw during their critical life periods (Jeannel 
1941, Huets and Leleup 1954). 

Putick lake is located in speleologically very interesting region 
of the Rak branch of the Planinska jama which has been object 
of many discussions due to still uncompletely known flowing-off 
of waters (for lit. see Gams 1966, Geol. elab. 1970). According 
to previous investigations mixing of water-flows from Javorniki 
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and the sinking stream Rak takes place in the final part of the 
Rak branch . Putick lake represents captured water · while 
Misterious lake the final siphon system of Javorniki water-flow. 
Because of uncompletely solved hydrologic problem in this part 
of the cave it has not been found out which water remains in 
the Putick lake. The area is hard to approach and accessible 
only at extremely low water-stand . 

The lack of oxygen in_ Putick lake was estimated in the years 
of 1971 , 1973, 1977, 1979; once the concentration value was 
below 2 mg Oil. All these examples confirm the unique 
phenomenon of equal deoxygenation degree from top to the 
bottom of the lake. The level of CO2 in the atmosphere abov~ 
the lake was 0,32 vol. %. In the time of water-level decrease the 
rate of oxygen consumption remains intensive even within the 
limits o{ low oxygenation state. The appearance of water and 
sediments (cave clay) excludes an explanation that the decaying 
organisms floated in the lake from outside might bring about the 
lack of oxygen . Additionally this is confirmed by low phosphate 
value (0,6 mg POJI) and nitrogen in nitrate form and in 
concentration which were found in spring - and groudwaters of 
unpolluted areas (Ruttner 1957). 

Processes leading to the deoxygenation in the Putick lake 
were followed with comparision of chemical elements in the water 
and sediments as well as with measurements of BODsfCOD in 
the water samples of Putick lake, of channel and t~e siphon at 
different water-levels . Results show (lsteni~ 1979, 1981) that the 
channel ,and siphon get water from different hydrographic 
backgroung and that the Javorniki water-flow from siphon remains 
at last in the lake. The water-flow from Javorniki brings the 
suspended material - in terminal phase of mineralisation - which 
sediments in the lake. In the stagnant water of the Putick lake 
the intensity of oxygen consumption is still increased with 
oxydation of inorganic salts and with specific action of the cave 
clay as ionic exchanger. Mangan has been determined in 
concentration of 3,5 % Mn04 in the black crusts on the rocky wall 
projecting above the lake. The values of BOD5 exceeded the 
COD values and were highest in the samples from the bottom 
and from the bank of the lake. Knowing that microorganisms take 
part in these processes it would be very interesting to fill the 
gap of microbiological data with investigations of 
chemoautotrophic component in the karst underground 
environment. 

Considering that the mineralisation power of the water 
depends on accessibility of metter for oxydation and after 
Stangenberg (1959) also on filtration , one may expect, that this 
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Fig. 1.- Cave Planinska Jama with sampling points. 

power is expressed in tight correlation with water percolation in 
the karst. So the high activity can be expected only in abyss 
seepaga water flow which is filtered through earth strata where 
organic substances are strongly decomposed. In the case of Putik 
lake soch water is caught in a calm restricted area withont , air 
movenent; morphometric characteristics of this lake offer great 
surface functional for interaction of water and sediments. 

The particularity of the Putick lake to have higher water 
temperature (3 - 4°C) as the siphon has not been explaned . We 
can not exclude the possibility of connection with described 
processes of intensive mineralisation . 

The exceptionally dry autumn of 1985 enabled the 
measurements of hypoxic conditions in Putick lake and to 
complete them with the fact, that the oxygen level in the 
atmosphere above the lake was 11 - 14 vol. %. So far the lowest 
oxygen concentration in the water (1 ,04 mg Oil) was measured, 
too. Proteus specimens in the lake showed no visible signs of 
demage, however two dead fish Lotta sp. were found. 

The results of the hydrochemical analyses of simultaneously 
collected samples from different points of Rak and Pivka branch 
(fig. 1., graph 1.) include also measurements of calcium , potassium 
and sodium levels. These are new data about fluctuations of 
chemical parameters in Proteus complex environment, which role 
in animal 's biology -has been far from enough investigated. 

Finally the warning should be emphasized that the 
circumstances in the Putick lake are baund exclusively on the 
characteristics of abyss seepage water flow. In the recent time 
of ecological crisis when the pollution from the surface could 
destroy the sensitive balance of underground environment the 
generalisation at all cave waters would commit a serious fault: 
the secondary pollution-bound modifications would be overlooked 
to which the specialised cave organisms most probably could 
not face with. Such a mistake would be to generalize the Proteus 
tolerance for oxygen deficiency to its general resistance. 

Prof. Dr. Lili lstenic 
lnstitut of Biology, Edvard Kardelj University of Ljubljana YU-61001 
Ljubljana, Askerceva 12, POB 141/3, Tel. : 332611. Yugoslavia. 
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Graph. 1.- Values of the hydrochemical parameters in the Planinska jama. 
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Habitat zonation in Underwater caves in the Bahamas 

R. J. Palmer, G. F. Warner, P. Chapman and R. J. Trott 

RESUM 
L 'aigua de Jes cavitats de Jes Bahames i d 'altres indrets conte uns biotops caracterfstics que .varien amb /'increment de la 

distancia en direcci6 a /'interior de la cavitat. En aquestes aigOes subterranies s'han descrit quatre zones d'habitats principals, 
definides a partir de criteris tant ffsics com biologics. 

Es proposa la segOent terminologia per a aquestes zones: Arena, Vestfbul, Zona de Transici6 i Profunda. 

RESUMEN 
El agua de las cavidades en las Bahamas y en otras partes, contiene unos biotopos caracterfsticos que varfan con el incremento 

de la distancia hacia el interior de la cavidad. Se pueden reconocer cuatro zonas principales de habitats en estas aguas subterraneas · 
de cavidades y se definen por criterios tanto ffsicos como bio/6gicos. Se propone la siguiente terminologfa para estas zonas: Arena, 
Vestfbu/o, Zona de Transici6n y Profunda. 

ABSTRACT 
Underwater caves in the Bahamas and elsewhere contain a distinctive biota, which changes with increasing distance into the 

cave. Four major habitat zones within such underwater caves can be recognised, and are defined by both physical and biological 
criteria. The following terminology is proposed for these zones: Arena, Vestibule, Transition Zone and Deep Cave. 
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Introduction 

Studies in Bahamian and other similar underwater caves (com
monly referred to as Blue Holes) over the past few years have 
indicated that such caves possess a distinctive zonation with 
respect to their biotic communities. Work carrried out in such 
caves (Iliffe et al 1983, Warner and Moore 1984, Cunliffe 1985) 
has confirmed the presence of marine fauna for considerable 
distances into the dark areas, and has supplied evidence for the 
existance of a cryptic deep-cave environment separable by a 
variety of biological and physical parameters from the more bioti
cally diverse environments near the mouths of the caves. 

To identify the range of habitats involved, we suggest four 
broad ecological divisions, progressing inwards from the entrance: 
Arena, Vestibule, Transition Zone and Deep Cave (Fig. 1). 

Identification of habitat zones 

The four major divisions are identified as follows: 
a) THE ARENA: Cave entrances, whether air -or water- filled, 

provide shelter for a variety of organisms. Many members of such 
communities are highly mobile, using the cave mouth and entran
ce passages during rest periods, or during such time as their 
own predators are abroad. Such trogloxenes (cave visitors) emer
ge from the cave to forage, and have a distinct sphere of influence 
outside the cave. In sub-aerial caves, animals such as bats may 
stray many kilometres from the entrance, but in marine caves 
such influence tends to be considerably more localised. Herbivo
rous fish which graze on sessile organisms (algae, seagrasses) 
surrounding the cave often remain within close range of the cave 
mouth, to which they can quickly return if danger threatens. Many 
marine Blue Holes in seagrass and algal beds have a distinct 
«halo» of overgrazed substrate surrounding the entrance (K. Ab
bott, pers.comm.). Similar halos, caused by fish and urchin gra
zing, have been observed round coral patch-reefs (Ogden and 
Zieman 1977). 

The presence of strong, tidally-related currents within the mari
ne caves (Warner and Moore 1984) provides locally high concen
trations of organic material at or near to the cave entrance during 
the inflow cycle. Such rich supplies of food can stimulate the 
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growth of sessile communities (eg. corals, sponges) and their 
associated flora and fauna. This results in a different halo: rings 
of coral growth which surround certain marine caves (eg. The 
«Doughnut Holes», Benjamin 1984). The currents may also be 
responsible for the shape of topographical features in the imme
diate surface vicinity of the entrance (eg. sand bars, rock guillies) 
which offer particular habitats suitable for colonisation. All of the 
aforementioned features can be regarded as lying within the 
Arena of a marine Blue Hole. 

In inland entrances to underwater caves, where the entrance 
lies within a freshwater or saline lake (Proudlove 1984, Cunliffe 
1985), then depending on its size, either the entire lake may form 
the Arena, or only that part of it immediately surrounding the 
actual cave entrance. It has been noted (Bahamas National Trust 
1981) that the terrestial environment immediately surrounding 
such inland Blue Hole entrances is sufficiently distinctive to be 
regarded as being an associated community. The presence of 
saline surface water may encourage the growth of mangrove 
communities in an otherwise barren area, or where the cave 
entrance contains fresh water, a halo of broadleaved woodland, 
often containing an unusual abundance of epiphytes and orchids, 
may develop within the surrounding Bahamian pine forest or scrub 
bush. There is a strong case for regarding such unusual cave
associated communitites as belonging within the Arena of inland 
Blue Holes and caves. 

The Arena is therefore that area surrounding the entrance on 
which the biotic community of the cave and the water movements 
associated with the cave have a direct and distinctive effect. 

b) THE VESTIBULE: In underwater caves with a daylight en
trance, there is an identifiable biotic zone associated with the 
presence of lower light levels than those of the Arena. In common 
with the Arena, the Vestibule hosts a greater density of mobile 
fauna whan compared with the general marine and lake environ
ment. These include Vestibule -and Arena- feeding species, 
together with casual visitors sheltering within the enclosed and 
nutrient rich environment. Herbivorous fish, and many predatory 
species, rarely proceed further into the cave than the Vestibule, 
though snappers and squirrelfish have occasionally been obser
ved several hundred metres into marine caves, and some brotulid 
species venture even further. 
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in the Vestibule , due to reduced light levels and deeper water. 
Algae, and hermatypic corals which contain zooxanthellae, are 
progressively reduced in numbers and can occur no further into 
the cave than light permits. The walls of the Vestibule are often 
vertical or near-vertical, and occasionally overhang. Such variation 
in substrate angle has a distinct local effect on the composition 
of the biotic community, with the densest and most varied fauna 
being found on vertical surfaces or beneath overhangs. Growth 
forms within the Vestibule can be affected by current strength 
(eg. the hydroid Thyroscyphus ramosus, which grows to unusual 
lengths: Warner and Moore 1984). 

In inland Blue Holes and caves, the Vestibule is generally 
dominated by algal communities, occasionally giving way to den
se, colonial bacterial growth at or near to the boundary with the 
Transition Zone (Smart 1984, Palmer 1985ii and 1986). 

The environment offered by inland «cenote» Blue Holes is an 
interesting one. Normally, the Deep Cave environment can be 
considered a «relict» environment (see below) but the Vestibule 
of cenote sites has also been observed to contain species which 
may be Pleistocene relics , stranded in what are effectivly deep 
meromictic lakes by fluctuating eustatic sea-levels during the last 
glacial epoch. The presence, for exemple, of the grapsid crab, 
Sesarma angustipes, and a freshwater presence of the cave
adapted brotulid , Lucifuga spelaeotes (more normally found in 
saline waters), both reported by Proudlove (1984) from a site on 
Andros, suggests that in such isolated inland Blue Holes the 
Vestibule fauna may therefore hold considerable palaoecological 
interest. 

The Vestibule of such underwater caves is therefore defined 
as that part of the cave mouth within the Arena which experiences 
lower light levels than the Arena, and which extends to the limits 
of daylight within the cave. 

c) THE TRANSITION ZONE: This zone extends from the limit 
of daylight penetration (which may vary seasonally) for some 
distance into the cave. In marine caves, it generally supports a 
fauna not unlike that of the darkest recesses of a coral reef 
(Vasseur 1974). The constant darkness and directional current 
flow can encourage unusual growth characteristics (eg. serpulids 
which form pseudostalactites: Mac lntyre et al 1982, Cunliffe 1985, 
Palmer 1986). Some species of sponge are white , or paler, than 
in the Arena/Vestibule (eg. Chondrosia sp.) and the tasselled 
growth form of the sponge Pellina sp. (Haliclona aquaeductus) 
is characteristic , though also found in the Vestibule (Warner and 
Moore 1984). There are no ordinary reef fish dwelling within this 
zone, but there are other predators: crabs, lobsters, cowries and 
shrimps. 

The major part of the fauna of the Transition Zone can be 
regarded, in speleological terms, as troglophilic -that is, able to 
live within a cave and to complete the entire life- cycle under
ground, but which is not exclusively confined to the cave. There 
are creatures within the Transition Zone which might be regarded 
as trogloxenes, cave visitors, which preferentially inhabit this zone, 
but which make regular or occasional visits outside the cave 
mouth . These include a wide variety of eucarid crustaceans, which 
are amongst the most mobile of the cave fauna, and which may 
make occasional migrations to the Vestibule and beyond, using 
current flow and /or water temperatures as a means of directional 
orientation. 

The density of fauna in this zone is directly related in marine 
caves, to the strength and presence of tidally-related currents 
and their ability to transport food material into the cave. Further 
from the entrance, as currents weaken and become diffuse, sessi
le populations become increassingy sparse (Warner and Moore 
1984) and are generally limited to small sponges and occasional 
serpulid polychaetes. Organisms feeding on or within sediments 
deposited by the currents predominate deeper within the zone, 
should such sediments occur (eg. holothurians: Warner and Moore 
1984), and marine microcrustaceans may, with further study, be 
found to occur within such sediments towards the furthest extent 
of this zone. 

In inland cenote Blue Holes, the Transition Zone may be abrupt 
and chemical in nature (Smart 1984), a zone of sudden salinity 
increase with depth where bacterial decomposition of organic 

debrils floating on the denser saline water causes a sudden local 
rise in temperature and H2S concentration . This is often dense 
enough to stop further light penetration. Similar bacterial action 
may take place throughout the water -filled micro- fissures of 
the surrounding limestone at this level , which represents the base 
of the freshwater lens, and may produce much of the primary 
food material for the Deep Cave fauna (Stock 1985). 

The Transition Zone may extend for several hundred metres 
in marine caves with a strong current flow and suitable passage 
morphology, or might be strongly compressed in isolated anchiali
ne caves inland. It is here defined as the zone extending from 
the limit of daylight to the beginning of the Deep Cave Zone. 

d) THE DEEP CA VE ZONE: This is identified as that part of 
an underwater cave in which the fauna is dominated by troglobitic 
organisms - that is, species which occur only in caves, and which 
are often specialised accordingly. Temperatures are extremely 
stable (at around 25°-27° C in Bahamian anchialine caves: Smart 
1984, Palmer 1985ii and 1986). Current flow is minimal or non 
existant, and the original source of organic food input is more 
likely to be vertical , via meteoric percolation (Cunliffe 1985) as 
horizontal, via current flow. Water can vary from fresh to ocean
saline, and there may be further variation in water chemistry, 
particularly in oxygen content, which is commonly lower in cave 
water than in surface sea -or fresh- water. Environmental condi
tions that exist in the Deep Cave are likely to preclude the survival 
of the less cave-adapted members of the troglophilic fauna charac
teristic of the Transition Zone. 

There is considerable evidence to suggest a complex and 
well-developed Deep Cave faunal community, based on a detriti
vore/predator chain of bacteria/microcrustacean/cave fish (Yager 
1981, Cunliffe 1985, Stock 1985, Palmer 1985ii and 1986). Hart, 
Manning and Iliffe (1985) have made links between this cave 
fauna and that of the deep sea, and further suggest that such 
Deep Cave zones may have served as faunal refuges over very 
long periods of time. Both they and Howarth (1983) comment on 
the role of micro-fissure porosity of the host rock in the aquatic 
cave habitat, and its place in the biological structure and dispersal 
of cave cummunities. Marine, anchialine and freshwater caves 
are all likely to be influenced by the movement of small organisms 
(microcrustacea and bacteria) in larval and adult form through 
such fissures, and the may form a more important habitat than 
the larger open cave passages within the Deep Cave zone, provi
ding greater refuge from predation as well as more direct access 
to meteorically-transported food supplies. 

The Deep Cave Zone can be described as being the area of 
and underwater cave in which the environmental conditions (cons
tant darkness, low 0 2 levels and food supply, stable temperatures, 
minimal current flow) are such that only cave-adapted organisms 
can maintain a population. 

Discussion 

The four cave zones described above should be regarded as 
being general habitat types within Bahamian and other similar 
underwater caves. The they can ovelap to a significant degree 
is unarguable. The wide difference in surface environments (War
ner and Moore 1984, Palmer 1985i, Trott and Warner 1985), passa
ge morphology (Farr and Palmer 1984, Palmer and Heath 1985), 
hydrology (Smart 1984, Warner and Moore 1984, Heath and Palmer 
1985) and numerous other factors which impact on the cave 
environment make it unwise to attempt too sharp a delineation 
between such divisions. There may also be instances in which 
one or more of these zones may be absent, for example where 
caves have been infilled to the point where only Arena and Vesti
bule are available for colonisation. Similarly, inland caves may 
lack a recogniseable Arena or, where the entrance to the cave 
lies within an air-filled cavern , may even lack a Transition Zone 
or Vestibule. There may even be isolated pockets of one zone 
type enclosed within another, dictated by cave morphology and 
/or current movements. 

Notwithstanding these reservations , we suggest that the no
menclature proposed here will prove useful to future workers , 
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and urge that it be adopted as standard terminology in discussing 
the biology of such underwater caves. 
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Populational study of pimelodella kronei (teleostomi, siluriformes), blind 
catfish from the upper Ribeira River Valley, southeastern Brazil 

RESUM 

Eleonora Tra}af'!O 
Oepartamento de Zoologia, lnstutito de Biociencias da USP Sociedade 
Brasileira de Espeleologfa 

Pimelodella Kronei , descendent cavernfcola def silurid pimelodid P. transitoria, ha estat trobat a cine coves de la val/ per on 
discorre el riu Ribeira, al sud de f'estat de Sao Paulo. La polaci6 de dues de /es coves (Areias i Bombas) va ser Ja estuadiada per 
C. Pavan /'any 1945. 

Com a part integrant def meu doctorat, estic investigant /'eco/ogia de la pob/aci6 mes habitual de la cova d 'Areias, utilitzant 
el metode de marcatge i recaptura. La cova te 7.000 metres de galerias i s 'ha format a partir de la uni6 de dues coves principals. 
Els corrents d'aigua d'aquestes dues ga/eries arriben a coincidir, ocasionalment, durant /'epoca de p/uja. 

En /es 16 reco/-leccions que es van dur a terme en un mes, 170 animals van esser marcats amb tin t acrflic. D'entre els 82 que 
es van recapturar hi figuraven 19 animals que ho van ser dos cops, 10 tres vegades, 5 quatre vegades, 2 cine cops i 2 sis vegades. 
Els peixos so/ien esser recapturats en el mateix floe on ja havien estat marcats previament; nomes tres varen esser recupertats en 
corrents d'aigua diferents. 

RESUMEN 
Primelodella kronei, derivado cavernfco/a def si/urido prime/6dido P. transitoria, ha sido encontrado en 5 cuevas def valle def rfo 

Ribeira al Sur def Estado de Sao Paulo, la pob/aci6n de 2 cuevas (Areias y Bombas) fue estudiada por C. Pavan en 1945. 
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Como parte de mi doctorado estoy investigando la ecologfa de la pob/aci6n mas notable de la cueva de Areias, utilizando el 
metodo de marcaje y recaptura. La cueva tien 7.000 metro.s de galerfas y ha sido formada por la uni6n de dos cuevas principales. 
Las corrientes de agua de estas 2 ga[erfas 1/egan a encontrarse ocasionalmente durante la epoca de 1/uvia. 

En fas 16 reco/ecciones que se 1/evaron a cabo en un mes, 170 animates fueron marcados con tinte acrflico; entre los 82 que 
tueron recapturados figuraban 19 animates recapturados 2 veces, 10 tres veces, 5 cuatro veces, 2 cinco veces, 2 seis veces. Los 
peces tend/an a ser recapturados en el mismo sitio donde habfan sido marcados; so/amente 3 de el/os fuer6n recuperados en 
corrientes de agua distintas. 

SUMMARY 

Primelodella Kronei, cave derivative of the prime/odid catfish P. transitoria, has been found in five caves of the Ribeira River 
Valley, South Sao Paulo State. The populations of two caves (Areias and Bombas) were studied by C. Pavan in 1945. 

As a part of my doctorate, I am investigating the ecology of the most conspicuous population, that from Areias Cave, through 
the mark-recapture method. The cave has 7.000 mts of galleries being formed by the junction of two main ones. The watercourses 
of these two galleries are occasionally connected during the rainy season. 

During the 16 monthy collections 170 animals were marked by means of tattoage with acrylic dyes, of which 82 individuals 
have been recaptured. These recaptures include: animals recaptured twice-19; three times-10; four times-5; five times-2; six times-2. 
The fishes tended to be recaptured in the same place where they were marked; only 3 individuals were recaptured in watercourses 
other than the one where they had been marked. This suggests that the population is small and that the fishe are sedentary. 
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The Significance of Large Size on the Biology of the Subterranean lsopod 
Caecidotea stygia 

David L. Bechler 
Biology Department, Lamar University 

RESUM 

Un comportament obertament agressiu caracteritza la relaci6 de dues Caecidotea stygia entre sf. S'han descobert comportaments 
mes subtils i complexes, mitjam;ant el tacte i, possiblement, per feromones, que fan possible de mitigar aquest comportament 
agressiu. lndependentment dels mecanismes de comunicaci6, el tamany es un important factor en el comportament biologic de C. 
stygia. Segons /es dades de que disposem, a Rice Cave, prefereixen els bassa/s que no pas els rapids. Una analisi def tamany ens 
pot suggerir que els individus mes grans poden imposar-se a/s mes petits en els bassa/s. El tamany pot representar tambe un 
factor a tenir en compte a /'hora d 'e/egir el substracte preterit, pero amb /es dades disponibles no podem avan9ar cap conclusi6 
en aquest sentit. Els masc/es sexualment madurs s'identifiquen pets seus gnatopods eixamplats, els qua/s superen la ta/la mitjana 
de la poblaci6 i s'aprofiten de la seva corpolencia per a dominar i demostrar la seva predisposici6 reproductiva ·a femelles mes 
petites. Els grans G.stygia dominen, no so/ament a elements de la seva propia especie de menor tamany (conespecffics), sin6 que 
es probable que dominin tambe els Gammarus trogophilus , un amffpod troglofil, localitzat s la cova. 

RESUMEN 

Un comportamiento abiertamente agresivo es el significado de la medida en que se comunican dos Caecidotea stygia entre 
sf Se han desarrollado comportamientos mas sutiles y complejos por medio def tacto y posiblemente por feromonas, permitiendo 
una reducci6n de este comportamiento agresivo. lndependientemente de los mecanismos de comunicaci6n, el tamano es un 
importante factor en la bio/ogfa de C. stygia. Los datos que tenemos nos indican que en Rice Cave /es gustan mas los charcos 
que /os rapidos. Un analisis def tamano sugiere que los individuos grandes pueden coartar parcialmente a /os individuos pequenos 
de /os charcos. El tamano puede ser tambien un factor en la elecci6n def substrato preferido, pero /os datos disponibles no ofrecen 
una conclusi6n definitiva sobre ese punto. Los machos sexualmente maduros se identifican por /os gnat6podos ensanchados que 
superan la ta/la media de la pob/aci6n y utilizan su gran tamano para dominar y probar la buena disposici6n reproductiva de hembras 
mas pequenas. Los grandes C. Stygia dominan no so/amente a seres de su propia especie de tamano menor (conespecfficos), sino 
que es probable que dominen asimismo las Gammarus trogophilus , un anffpodo trog/6fi/o encontrado en la cueva. 

SUMMARY 

Overt aggressive behavior is one means by which size is communicated between two Caecidotea stygia . . More subtle and 
complex behaviors involving tactile and possibly pheromonal communication have evolved permitting a reduction of this aggresive 
behavior. Regardless of the mecanism of communication, size is an important factor in the biology of C. stygia. Data indicate that 
in Rice Cave, pools are preferred over riffles. An analysis by size class suggests that large individuals may be partially restricting 
smaller individuals from pools. Size may also be a factor in the choice of preferred substrate, but data are less conclusive on this 
point. Sexually mature males identified by enlarged gnathopods, exceed the mean population size and use their larger size to subdue 
and test the reproductive readiness of smaller females. Large C. stygia not only dominate smaller conspecifics, but are more likely 
to dominate Gammarus trogophilus, a trog/ophilic amphipod found in the cave. 
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Introduction 

The size of and organism often strongly influences its biology 
and has been extensively studied on both vertebrates and 
invertebrates. Compared to epigean species, few references exist 
which examine the imortance of body size in hypogean species. 
Kane and Poulson (1976) found that the larger body size of the 
carabid beetle Neaphaenops tellkamfii enhanced its ability to 
capture prey items compared to Pseudanophtha/mus menetriesii. 
Van Zant , Poulson and Kane (1978) concluded taht the size 
differences found between syntopic populations of P. menetriesii 
and P. pubescens may be related to food utilization. Among 
amblyopsid fishes , large individuals of Chologaste agassizi, 
Typhilichthys subterraneus and Amblyopsis spe/aea possess a 
decided advantage over smaller conspecifics during agonistic 
bouts (Bechler, 1983). Dominance and access to a localized food 
source was found to be size related in the isopod, Caecidotea 
stygia (Bechler 1985). 

Except for noting the relationship between dominance and 
food acquisition and body size by C. stygia, Bechler (1985) treated 
the population studied as a single, homogenous unit. In this paper 
I further examine the relevance of size as it pertains to the biology 
of C. stygia, but now I have divided the population up into separate 
cohorts based on size. 

Materials and Methods 

The methodology used in acquiring data in this paper can be 
found in Bechler (1985). Before, I examined all the macrobenthic 
crustaceans found in the study site, Rice Cave, and in general 
treated each species as a uniform population without regard for 
size classes. In this paper, C. stygia is examined by body lengths 
or size classes based on one millimeter increments. Size of 
isopods were determined by comparing their apparent lenght to 
the lenght of lines drawn on a card. Factors examined include 
dominance hierarchies, resource acquisition (food), habitat 
preference (riffles vs. pools) (mud vs. rock vs. gravel) and sexual 
activity. 

Study Area 

Rice Cave is described in detail in Bechler (1985). Briefly in 
review, running the length of Rice Cave is a small , narrow stream 
consisting of alternating pools and riffles . Pools accounted for 
78.9 % of the area studied and riffles for 21 .1 %. Riffles consist 
of 78.1 % bare rock, 18.0 % gravel and 3.8 % mud. Pools contained 
16.7 % bare rock , 34.1 % gravel 49.2 % mud. The surface 
topography consists of heavily wooded ravines with steeply 
sloping sides. Because of this , surface runoff is rapidly carried 
down to small surface streams and not into the cave stream. 
Therefore, the cave stream does not experience significant 
flooding and little detritus is carried into the cave. This makes 
the cave stream more stable and oligotrophic than systems which 
are more open and have a high input of water and detritus. 

Results 

A dominace hierarchy based on size existed among the C. 
stygia in Rice Cave. Twenty-three encounters between individuals 
of different sizes were observed. Large individuals dominated 
91 .3 % of the time forcing the retreat of the smaller isopod. During 
encounters a difference as small as one millimeter was sufficient 
to cause the smaller individual to retreat. Five encounters b'etween 
individuals of equal size were observed. Three of these encounters 
resulted in a standoff with no clear cut winner and two enconuters 
resulted in definitive winners. Encounters were initiated when the 
larger individual touched the smaller one with its antennae or 
bent in the shape of a «U» and touched the smaller individual 
with its antennae and uropods. If isopods were of equal size they 
wou ld briefly grapple and push and shove each A other until one 

or both retreated . In such cases the winner pursued the loser a 
short distance while keeping its antennae in contact with the 
uropods of the retreating individual. 

Small pieces of smelt 10 X 7 X 5 millimeters were placed in 
pools in order to attract isopods to a localized food source. 
Access to the bait was dependent on size. Individuals 10 
millimeters or larger moved onto the bait first and smaller ones 
formed a column downstream from the bait. Position within the 
column was size realted, with smaller individuals found along the 
margins of the column and larger individuals in the center and 
front near the bait. On the bait itself, large individuals maintained 
their position, but smaller ones were constantly shuffling about 
and acquiescing to the larger ones. After the large individuals 
hed fed for a period or time they left the bait and the smaller 
cohorts moved on an fed . While smaller isopods fed , the larger 
ones moved a short distance from the bait and sat motionless 
or cleaned themselves. Eventually some of the larger isopods 
returned to the bait forcing smaller ones off. Dominance at baited 
sites was again communicated tactilely , but unlike the causal 
encounters described above, bumping and pushing occurred 
more often. This was especially true on the bait itself where even 
small individuals displayed a reluctance to retreat. 

The amphipod, Gammarus troglophilus, dominated most 
interactions with C. stygia and in high densities eliminated C. 
stygia from pools. In the absence of G. trog/ophi/us, C. stygia 
preferred pools over riffles (Bechler 1985). Table 1 presents data 

BODY POOLS VERSUS RIFFLES SUBSTRATE PREFERENCE 
size Sample %in x2 Sample %on x2 

mm Size(N) .Pools (di = 1) Size(N) Mud (di =2) 
3 3 66.7 0.29 2 50.0 n.t. 
4 8 87.5 0.85 7 42.9 0.62 
5 8 87.5 0.85 7 42.9 0.62 
6 15 93.3 2.52 8 37.5 1.29 
7 14 92.9 2.16 14 57.1 0.68 
8 24 95.8 4.83* 23 56.5 n.t. 
9 43 88.1 1.62 53 62.8 3.48 

10 57 94.7 9.13* 52 71 .2 10.78* 
11 38 94.7 6.29* 33 60.6 2.67 
12 51 100 n.t. 52 59.6 6.69* 
13 52 96.2 9.97* 39 56.4 n.t. 
14 34 97.1 7.45* 36 75.0 10.91 * 
15 24 100 n.t. 22 68.2 3.61 
16 16 100 n.t. 16 81 .3 n.t. 
17 13 100 n.t. 13 69.2 2.92 
18 7 100 n.t. 7 42.9 0.62 
19 1 100 n.t. 1 0.0 n.t. 
20 2 100 n.t. 2 50.0 n.t. 

indicating that the size of an isopod is related to the probability 
of it being found in pools. As the size increased, the percent of 
individuals within a size class found in pools also increased. 
lsopods less than 8 - 9 millimeters showed no significant 
preference for pools versus riffles. Between 10 - 14 millimeters a 
sifnigicant preference for pools was shown, and isopods over 15 
millimeters were found exlusively in pools. 

Bechler (1985) also reported that C. stygia showed a 
preference for mud substrate within pools. Again as size 
increased, the percent of isopods within any size class showing 
a preference for mud also increased (Table 1 ). Substrate 
preference was not as clear cut as was the preference for pools 
versus riffles. There was a general trend for an increased 
preference for a mud substrate as size increased, but only three 
size classes between 10-14 millimeters showed a significant 
preference for mud. Below 9 millimeters, the percent of isopods 
found on mud ranged between 37 .5-57 .1 % Between 9-17 
millimeters the percent of isopods on mud ranged between 56.4-
81 .3 %. Above 19 millimeters, the number of isopods observed 
was too small and sporadic to permit any recognizable trend . 

Sexually mature and active males in the Asellidae are 
dimorphic and possess enlarged gnathopods which makes them 
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distinguishable from females (Fleming, 1973). At least 18 such 
males were seen during field observations. The smallest dimorphic 
male was 11 millimeters long , but 50 % of the males observed 
were 18-24 millimeters in lenght. Mean size for sexually mature 
males was 16.1 millimeters compared to the population mean of 
11 .4 millimeters. Seven attemted copulations by three of the 
largest males were observed. In each case, a male grabbed and 
mounted a smaller female on her dorsum. All females struggled 
to escape and were quickly released . 

Large size also correlated with successful interspecific 
interactions between C. stygia and the amphipods G. troglophilus 
and Bacturus brachycaudus. Out of 38 encounters between C. 
stygia and the two amphipods, C. stygia was only able to repel 
amphipods 18.4 % of the time. lsopods that dominated amphipods 
were 12 millimeters or greater in length which exceeds the mean 
population length , 11.4 millimeters. On two occasions isopods 
were able to gain access to baits being fed upon by G. 
troglophilus. This only ocurred when six or fewer amphipods were 
on the bait , when amphipods were clumpled on one end of the 
bait , and the isopods were 14 millimeters or greater in lenght. 
Otherwise the activity of the amphipods always repelled the 
isopods. 

Conclusions 

Data presented clearly indicate a correlation between body 
size and social dominance, habitat utilization, male sexual maturity 
and successful interspecific competition. Behavioral observations 
provided direct evidence that dominance is directly related to 
size. Overt agressive encounters were seen between isopods of 
equal size, but were conspicuously absent if a size difference 
existed . The lack of overt aggression suggests that the tactile 
communication observed represents a form or ritualization that 
has supplanted physical aggression. Such a process has been 
described by Hazlett (1972). Bovbjerg (1956) was ones of the 
first to document that dominance hierachies in crustaceans can 
be size related. Since then this relationship has been 
demonstrated in numerous higher crustaceans (Hyatt , 1983). 
lnterspecifically, size was important since only large C. stygia 
gained access to a food source or dominated the more agressive 
and active amphipods. 

No direct supporting evidence exists linking the aggressive 
behavior controlling the body size/dominance hierachy to the 
correlation seen between body size and habitat utilization. It is 
conceivable that smaller isopods have no preference for water 
condition or substrate types . But the body size/ dominance 
hierarchy observed strongly implies that larger amphipods could 
have aggressively eliminated smaller individuals from pools and 
mud substracte in the pools. Garthreaux (1978) concluded that 
agonism is a primary mechanism, by which dominance hierachies . 
are established within populations. He further contends that these 
dominance hierarchies affect habitat utilization , mating success 
and dispersal of individuals within the population . The larger than 
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average body size seen in sexually active males may be a 
consequence of normal sexual maturation or it may result from 
intrasexual selection (Halliday, 1978). If the latter hypothesis is 
correct , increased body size would give larger individuals an 
advantage in gaining accees to females . Ward (1983, 1984) found 
that large male amphipods G. pulex, were better able to gain 
copulations with females than were smaller individuals but , found 
no relationship between body size and mating sucess in G. pulex 
(Ward , 1985). 

References 

ALDER, HL AND ROESSLER, EB. 1960: Introduction to probability 
and statistics. W.H . Freeman and Co. 373 pp. San Francisco, 
CA, USA. 

BECHLER, DL. 1983: The evolution of agonistic behavior in 
amblyopsid fishes . Behav. Ecol. Sociobiol. 12:35-42 

BECHLER, DL. 1985: Structure and foraging behavior in hypogean 
crustacean assemblages. Hydrobiologia 127:203-211. 

BOVBJERG, RV. 1956: Some factors affecting aggressive behavior 
in crayfish . Physiol. Zool. 29:127-136. 

FLEMING, LE. 1973: The evolution of the eastern North American 
isopods of the genus Asel/us (Crustacea, Asellidae). Inter. J. 
Speleol. 5:283-310. 

GAUTHREAUX, Jr, SA. 1978: The ecological significance of 
behavioral dominance. In Bateson , PPG and klopfer, PH, eds. 
Perspectives in ethology, Volume 3, social behavior. Pages 
17-54. Plenum Press, New York, NY, USA. 

HALLIDAY, TR . 1978: Sexual selection and mate choice. In krebs, 
JR and Davies, NB, eds. Behavioral ecology an evolutionary 
approach . Pages 180-213. Sinauer Associates, Sunderland, MA, 
USA. 

HAZLETT, BA. 1972: Ritualizacion in marine Crustacea. In Winn , 
HE and 011a, BL eds. Behavior of marine animals. Volume 1: 
Invertebrates. Pages 97-125. Plenum Press. New York, NY, USA. 

HYATT, GW. 1983: Qualitative and Quantitative dimensions of 
Crustacean aggression. In Rebachs and Dunham, DW, eds. 
Studies in adaptation , the bahavior of higher Crustacea. pages 
113-139. John Wiley & Sons, New York, NY, USA. 

KANE , TC and POULSON TL. 1976: Foraging by cave beetles: 
spatial and temporal heterogenity of prey. Ecology 57:793-
800. 

VAN ZANT, T. , POULSON, TL. and KANE , TC. 1978: Body-size 
differences in carabid cave beetles. Amer. Natur, 112:229-
234. 

WARD, Pl. 1983: Advantages and disadvantages of large body 
size for male Gammarus pulex (Crustacea: Anphipoda). Behav. 
Ecol. Sociobiol. 14:69-76. 

WARD, Pl. 1984: The effects of size on the mating decisions of 
Gammarus pulex (Crustacea, Amphipoda) . Z. Tierpsychol. 64: 
174-184. 

WARD, Pl. 1985: The breeding behavior of Gammarus duebeni. 
Hydrobiologia 121 :45-50. 

Notes on the distribution and ecology of remipede crustaceans 

RESUM 

Jill Yager 
Biological Science Sept. Old Dominion University 
Norfolk, Virginia, U.S.A. 

L 'any 1979 es va descobrir a /es Bahames un crustaci frog/obi sorprenent. A causa de /es caracterfstiques d 'aquest animal, es 
va proposar una nova classe, Remipedia. Des def descobriment def primer remipedi (Speleonectes lucayensis), s 'han trobat nous 
representants d'aquesta c/asse a coves anquihalines, en tota l 'extensi6 de /es Indies Occidentals i a /es Illes Canaries. Les 
investigacions dutes a terme sabre el medi ffsic, assenya/en una total estratificaci6 vertical de la co/umna d 'aigua. La major part de 
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remiRedis es van trobar en aigues polihalines de llarga durada, amb molt poc oxigen dissolt, i frequentment, sota d 'una capa de 
sulfur d'hidrogen. A causa de /'abunda.ncia d 'a/gunes de /es naves especies es possible d 'obtenir avui molts mes detalls sabre la 
seva morfologia funcional i a/tres caracterfstiques de la c/asse. 

RESUMEN 

En 1979 se descubri6 en las Bahamas un crustaceo trog/obio sorprendente. Debido a las caracterfsticas de este animal, se 
propuso una nueva c/ase, Remipedia. Desde el descubrimiento def primer Remipedio el Speleonectes lucayensis, nuevos representan
tes de la c/ase han sido encontrados en -cuevas anquihalinas a lo largo de 'fas lndias Occidentales y las Islas Canarias. lnvestigaciones 
sabre el media ambiente ffsico muestran una comp/eta estratificaci6n vertical de la columna de agua. La mayor/a de remipedios se 
encontraron en aguas polihalinas de /arga permanencia, con escaso oxfgeno disuelto y frecuentemente debajo de una capa de 
sulfuro de hidr6geno. Debido a la abundancia de varias de las nuevas especies pueden obtenerse actualmente mas detalles respecto 
a la morfologfa funcional y caracterfsticas de la c/ase. 

SUMMARY 

In 1979 an unusual trog/obitic crustacean was discovered in the Bahamas. Due to the characters of this animal, a new class, 
Remipedia, was proposed. Since the discovery of the first remipede, Speleonectes lucayensis, additional representatives of the class 
have been found in anchialine caves throughout the West Indies and in the Canary Islands. Investigations of the physical environment 
indicates a complex vertical stratification of the water column. Most remipedes are found in po/yhaline waters of long residence 
time, with low dissolved oxygen and often below a layer of hydrogen sulfide. Due to the abundance of several of the new species, 
more details concerning the functional morphology and general characteristics of the class are now available. 

Since the discovery of the first remipede, Spe/eonectes 
lucayensis (Yager, 1981), from Lucayan Cavern in the Bahamas, 
at least eight additional species have been collected, representing 
a new family and several new genera. Members of the class 
Remipedia have been collected from anchialine: caves on both 
sides of the North Atlantic Ocean-- the Bahamas archipelago 
on the western side, and Lanzarote (Canary Islands) on the 
eastern side. 

Characteristics of Remipedes 

Remipedes are characterized by the presence of a cephalic 
shield , pre-antenna! filaments, a large, biramous first antenna, 
well-developed prehensile feeding appendages and a long trunk 
with many similar segments, each bearing a pair of biramous 
swimming appendages (Fig . 1). 

Figure 1. Remipede in swimming position. 

Scanning electron microscopy and histological preparations 
of several remipede species by the author has revealed more 
information about the anatomy and morphology of these animals. 
The pre-antenna! filaments show ,the presence of nerve tissue 
and probably serve in some sensory capacity. The first antenna 
has an enlarged base which bears several rows of long, lash-like 
aesthetascs. The aesthetascs are believed to be chemosensory 
in function , aiding in the detection of prey. Remipedes swim 
dorsal side down, extending the first antenna forward as they 
swim. The second antenna beats continuously as the animal 
swims. This generates a current which keeps water flowing over 
the aesthetascs for chemoreception. 

Remipedes are predatory and their prehensile feeding 
appendages are important taxonomic characters. In some caves, 
several species of remipedes are found together in the same 
general area. The variation of feeding appendages in size and 
morphology is an apparent adaptation which allows niche 
partitioning and selection of prey items. 

The first maxilla in all species bears a modified claw or fang 
at the tip . The fang length varies among species. It apparently 
serves as a «hypodermic needle» to inject prey with a toxin or 
digestive fluid . Large secretory glands are found at the base of 
each maxilla and a cuticulized duct has been traced from the 
base of the appendage to the tip. In situ feeding by the remipede 
Lasionectes entrichoma (Yager and Schram, 1986) has been 
reported by Dennis Williams (pers. comm.). The animal was seen 
grasping an individual typhlatid shrimp, swimming with it, and 
later discarding an empty exoskeleton . A preliminary study of gut 
contents of remipedes revealed an amorphous, nondescript fluid 
along the entire length of the gut, possibly suggesting 
predigestion of the prey. 

Along with the length of the fang , the first maxilla also varies 
in size when compared to the other two raptorial appendages. 
In one species, the first maxilla is huge, while the second maxilla 

· and maxilliped decrease in size and robustness. In another 
species, the first maxilla is dwarfed by the robust second maxilla 
and maxilliped. This difference in size ratio can be related to prey 
specificity. In addition, the tip of the second maxilla and maxilliped 
have a claw arrangement which appears to be modified for the 
manipulation of different prey. 

Little is known about the life history of remipedes. The 
protopod of the 14th trunk appendage bears a gonopore. In some 
individuals, a small porous flap is found beneath the gonopore. 
Paired ovaries and oocytes have been observed in paraffin 
sections of individuals. Transmission microscopy of the 14th trunk 
appendage of one species has revealed the presence of sperm 
in what appears to be a receptacle in the protopod (Yager, 
unpublished data). Although juvenile specimens have been 
collected , they are miniature copies of the adult, bearing at least 
12 trunk segments. They differ from the adults by having trunk 
segments which are rounded and lack distinct lateral pleurae. 

Characteristics of the Remipede environment 

Anchialine caves of the West Indies typically have a small 
surface pool of fresch to brackish water. A distinct density 
interface separates this water from the more dense polyhaline to 
euhaline water below (Fig. 2). The totally dark, deeper passages 
may extend horizontally for thousands of meters through the 
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Figure 2. Typical anchialine cave. 

porous limestone. Beneath the density interface, the water is 
characterized by very low oxygen content, in some cases less 
than 0.1 part per million (ppm), while water above the density 
interface consistently measures 4-5 ppm. In certain caves, the 
polyhaline waters have long residence times, as many passages 
show little or no horizontal tidal movement. There is frequently a 
2-3 m layer rich in hydrogen sulfide beneath the density interface 
(Yager, unpublished data). 

A unique assemblage of troglobitic organisms inhabits the 
environment beneath the density interface, which in some cases 
is nearly anoxic. Exploration of this environment has resulted in 
the discovery of many new species of crustacea, including 
amphipods, thermosbaenaceans, isopods, ostracods, copepods, 
and shrimp. The inland anchialine cave habitat differs from the 
marine or ocean bluehole in both biotic and abiotic factors. The 
ocean cave or bluehole has an opening in the floor of the ocean; 
strong currents prevent the formation of a distinct density 
interface, serve to oxygenate the water, and bring in food items. 
The faunal assemblages of these two cave environments are 
dissimilar. 

For as yet undetermined reasons, the population size of 
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Spe/eonectes lucayensis in Lucayan Cavern appears to be much 
lower than in other caves which have been surveyed . In over 100 
dives in Lucayan Cavern, only about 15 individual have been 
sighted and only six individuals have been collected. No other 
remipede species has been collected from this cave. In contrast , 
a cave on Providenciales in The Turks and Caicos was found to 
be inhabited by hundreds of individuals of Lasionectes, ·au of the 
single species. In contrast, five apparently distinct species of 
remipedes have been collected from the same general region in 
a single cave on Abaco, Bahamas. 

A recent survey of anchialine caves on Long Island, in the 
Bahamas found caves with many abiotic characteristics in 
common with ones previously explored, including fresh to brackish 
surface water with a high dissolved oxygen content and a density 
interface, below which the salinity increased and dissolved oxygen 
decreased. Furthermore, several caves had a distinct hydrogen 
sulfide layer beneath the density interface. The fauna which 
included amphipods, ostracods, and thermosbaenaceans, 
resembled those in anchialine caves elsewhere in the Bahamas. 
Some caves had very large populations of the shrimp Barbouria 
cubensis, and numerous specimens of Lucifuga spe/aeotes, the 
blind ophidiid cave fish. However, despite the apparent 
environmental similarities, remipedes were not found in any of 
the Long Island caves which were surveyed. The apparent 
absence of these animals from certain caves on an island in the 
middle of the known remipede range is perplexing and raises 
many questions about the ecology, geographic distribution of 
these organisms. 
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Pheromonal and Tactile Communication in the Subterranean Salamander, 
Typhlomolge rathbuni 

RESUM 

David L. Bechler 
Biology Department, Lamar University, Department of Biology 
Beaumont, Texas U.S.A. 

Aigua i roes acondicionats per un o dos Typhlomolgue rathbuni foren sotmesos a una serie de proves, per a veure com afectaven 
d 'altres individus de la mateixa especie. Els masc/es adults i els joves varen presentar una resposta significativament positiva envers 
/'aigua de /es femel/es, pero aquestes, en canvi, hi varen mostrar un significatiu rebuig. Les femel/es foren clarament atretes per 
/'aigua acondicionada per masc/es i tambe per l'aigua acondicionada per un masc/e i una o dues femel/es. Els masc/es joves foren 
tambe atrets per /'aigua acondicionada per dues femelles. No ha pogut esser demostrat que a/gunes de /es feromones despreses 
s'adherissin a/s substractes de la roca . Un comportament descaradament agressiu, com pot ser mossegar, nomes es van donar 
ocasionalment. Co/pejar amb la cua, va ser una reacci6 molt mes corrent que no pas la de mossegar i la dugueren a terme individus 
d 'ambd6s sexes. El fet que picar amb la cua no ocasiones una reacci6 excessivament negativa suggereix la possibilitat que aquesta 
acci6 vagi encaminada a dispersar /es feromones i no representi, en canvi, un mitja de comunicaci6 tactil. 
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RESUMEN 

Agua y piedras condicionadas por uno o dos Typhlomolge rathbuni fueron sometidas a pruebas respecto a otros sujetos de la 
misma especie. Los machos adultos y J6venes mostraron una respuesta significativamente positiva al agua de hembras, pero las 
hembras mostraron un significativo rechazo. Las hembras fueron significativamente atrafdas por agua condicionada por machos y 
tambien por agua condicionada por un macho y una hembra o dos. Los e/ementos J6venes fueron tambien atrafdos por agua 
condicionada por dos hembras. No pudo ser demostrado que a/gunas de las feromonas desprendidas se adhirieran a los substratos 
de roca. Un comportamiento abiertamente agresivo como morder se dio ocasionalmente. Go/pear con la cola fue mucho mas corriente 
que morder y fue efectuado por ambos sexos. El hecho de que go/pear con la cola no ocasionara una reacci6n muy negativa sugiere 
que posiblemente lo hagan mas para dispersar las feromonas que como medio de comunicaci6n tactil. 

SUMMARY 

Water and rocks conditioned by one or two Typhlomolge rathbuni were tested against other conspecifics. Adult males and 
juvenile showed a significant positive response to water from females, but females showed a significant avoidance. Females were 
significantly atracted to water conditioned by males and water conditioned by a male and female or two females. Juveniles were 
also atracted to water conditioned by two females. It could not be demonstrated that any of the pheromones released adhered to 
rock substrates. Overt aggressive behavior in the form of biting occurred occasionally. Tail beating was much more common than 
biting and was performed by both sexes. The fact that tail-beating did not elicit a strong negative response suggest that it may be 
used more to disperse pheromones than to serve as a means of tactile communications. 

Introduction 

In the absences of light, hypogean organisms are restricted 
to four means of communication: tactile, pheromonal , auditory, 
and electrical. Only pheromonal and tactile communication have 
been studied in detail for any hypogean species. Parzefall (1981), 
has reviewed tactile communication in cavefish and studied its 
ecological correlates in the European cave salarflander, Proteus 
anguinus (Parzefall et al. 1981). Bechler (1983) studied tactile 
communication in the North American blind cavefish family, 
Amblyopsidae, Pheromonal communication has been studied in 
P. anguinus (Parzefall et al. , 1981) and in the hypogean marine 
crab, Munidopsis polymorpha (Parzefall and Wilkens, 1975). 

In this paper I report on tactile and pheromonal communication 
in the Texas blind salamander, Typhlomolge rathb),mi. Specifically 
I have tested for inter and intrasexual communication, the nature 
of any pheromones discovered and the importance of tactile 
communication as it relates to pheromone communication. 

Methods 

Specimens were loaned by Southwest Texas State University 
where they were collected by methods described in Longley 
(1978). Intra and intersexual communication were tested for by 
placing a single individual, designated the receiver, in a glass 
tank 30 x 50 centimeters. One end of the tank was separated 
by dividers 15 centimeters long and 10 centimeters apart. This 
produced three compartments which were open to the remainder 
of the tank. Controls consisted of tap water run from a 40 liter 
tank into two of the compartments. Water from a second 40 liter 
tank containing one or two salamanders (male, female, two 
females or a female and a male), designated the sender(s), was 
run into a third compartment. The flow rate into each compartment 
was six millimeters/minute. To prevent bias by a salamander for 
a particular compartment, each test was run three times and 
water from the experimental tank was rotated between all three 
compartments. The purpose of using two animals is the 
experimental tank was to see if social interactions produced 
different pheromones. Tests were· begun only when the receiver 
was at the end of the tank ,opposite the three compartments. 

To test whether or not pheromones would adhere to the 
substrate, three equally sized rocks were placed in a salamander's 
40 liter holding tank. One rock was from the salamander's own 
tank, the second from a different animal 's tank and the third had 
not been in contact with any salamanders. All pheromone tests 
were conducted for 30 minutes during which time the position 
of the salamander in the test tank was recorded every 30 seconds. 
Data taking for all pheromone tests was begun 10 minutes after 
the water flow had been started or rocks had been placed in the 
tank. 

In order to study tactile communication, one salamander was 
placed in another animal's tank and observed for 30-120 minutes. 
Individuals were used more than once but never paired with the 
same individual more than once. All interactions and times of 
interactions observed were recorded on tape and later transcribed 
for analysis. 

A severe drought occurred in Texas during this study. 
Subsequently few animals were obtained and sample sizes were 
low (six females , two males, two juveniles). Additionally, all 10 
animals were not present in the laboratory at one time. Therefore 
all possible combinations ot tests were not conducted . All 
statistics were conducted using a nonparametric sing test 
(Gibbons, 1976). 

Results 

Pheromone tests-one sender: Females displayed a significant 
avoidance of compartments receiving water from another female 's 
tank (N = 6, z = -4.21 , P < 0.001 ). But they moved freely in and 
out of control compartments. Females spent a sifnificantly greater 
amount of time in compartments receiving water from a male's 
tank than in control comparments (N = 3, Z = 7.60, P 0.001). Males 
also showed a significant attraction for water from a female 's 
tank (n = 2, Z = 7.50, P<0.001). lnterstingly, juveniles also showed 
a significant attraction for water from a female 's tank (N = 2, 
z = 6.20, P < 0.05), but the level of significance was lower than 
observed for the males. 

Pheromones tests-two senders: Females receiving water from 
two females interacting tactilely showed a significant attraction 
for the compartment receiving the water (N = 6, z = 4.71 , 
P < 0.0002). Females also showed a significant attraction for 
water in which a female and a male were interacting tactilely 
(N = 3, z = 2.21 , P x 0.014). Water conditioned by two interacting 
females produced a strong negative response by the males (N = 2, 
z = -7.49, P x 0.0002), but one male was extremely lethargic and 
died a few days after the test. The strong negative response 
occurred because the sick male moved into a control 
compartment and spent nearly 100 % of a test period there. Again 
juveniles showed a significant attraction for female conditioned 
water (N = 2, z = 2.64, P x 0.004). 

Pheromone substrate adherence tests: The most notable fact 
about these tests was that the test animals showed almost no 
interest in the rocks placed in their tanks. The sign test was only 
used to see if the salamanders showed a preference or avoidance 
for a rock from another individual 's tank. 

None of the tests were significant (female sender-female 
receiver, N = 6, z = 0.12, P = 0.41; female sender-male receiver, 
N = 2, z = -1.25, P = 0.11: female sender-juvenile receiver, N = 2, 
z = -1 .57, P = 0.06). When an animal did encounter a rock, it 
simply walked past and never showed any type of exploratory 
behavior or hesitancy. 
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Tactile Communiation: One incidence of full courtship behavior 
and two partial incidences were observed. All three incidences 
closely fit the general pattern described for the Plethodontidae 
by Slathe and Mecham (1974). A fairly diverse repertoire of tactile 
behaviors occurs between pairs of courting salamanders in the 
Plethodontidae. But only two types of tactile communication were 
observed between pairs of noncourting T. rathbuni, tailbeating 
and biting. Tail-beating was by far the most common act observed 
and was engaged in by both sexes when contacting a salamander 
of either sex. It involved a slow, exaggerated undulation of the 
tail and was performed so that direct contact between the 
salamanders occurred or it was performed at a distance so only 
a current of water was propelled against the other salamander. 
The recipient of tail-beating most often simply swam or walked 
away, but on occasions made no response at all. Only two 
individuals were observed to bite another salamander and only 
one of these repeatedly bit another. 

A key point concerning the tactile behaviors observed was 
that they were relatively infrequent. Nine of 17 female-female 
pairings produced no observable tactile interactions and three of 
seven male-female pairings produced no observable tactile 
pushed past each other or withdrew and moved off in different 
interactions. If two T. rathbuni encountered each other the simply 
pushed past each other or withdrew and moved off in different 
directions. Members of a pair which did interact occasionally 
rubbed their cloacae on the rocks in the tanks suggesting a 
dispersal of pheromones as seen in other species in the 
Pletohodontidae (Arnold, 1972) 

Conclusions 

As found in other salamanders (Madison, 1977, Tristram, 1977; 
Jaeger and Gergits, 1979; Dawley, 1984a, 1984b), T. rathbuni 
appears to use chemical cues to distinguish between males and 
females. Both sexes were attracted to water conditioned by the 
opposite sex. An interesting contrast was found when the 
response of females receiving water from one female was 
compared to those receiving water from two females. Females 
responded positively to water conditioned by two females 
engaged in tactile communication, but negatively to water 
conditioned by one female. This suggests that two different 
pheromones might be involved. The same pheromone that attracts 
males may repel females. A second pheromone secreted by 
females attempting to initiate courtship may also be involved and 
may attract other females which would also be seeking a mate. 
This · second pheromone might be released only during contact 
with another individual. 

Another interesting finding was the attraction juveniles showed 
for water conditioned by one or two females . Nothing is known 
about parental care in this species. The Cincinatti, Ohio, zoo has 
sucessfully bred T. rathbuni, but they have always removed the 
eggs from the female's tank (Personal communication, Dr. Glen 
Longley). The response of the juveniles suggests that there may 
be some form of parental care. Another explanation would be 
that juveniles are attracted to adults because the adults scare 
up prey items that the juveniles are able to capture. Without 
further data it cannot be determined which explanation might be 
correct. 

The most common act of tactile communication was tail
beating . Its most likely function is pheromone dispersal. Several 

facts support this contention. Tail-beating occurred in less than 
50 % of all the pairs of salamanders observed. It was a slow and 
deliberate act and it rarely produced a strong negative response 
such as rapid and excited flight. It never illicited an aggressive 
response such as biting . A similar pattern of nonaggressive 
behavior in sexually active adults combined with pheromonal 
communication has been reported by Parzefall et al. (1980) for 
male and female pairs of P. anguinus. 

Data indicates that the pheromones tested for do not adhere 
to the substrate. Rather they are only carried in the water. This 
is in contrast to pheromones produced by P. anguinus which 
marks off breeding territories using a Pheromone that adheres 
to rocks (Parzefall et al. , 1980). 
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Contribution to the knowledge of the biology of the yugoslav endemic cave 
hydroid Velkovrhia enigmatica Matjasic & Sket, 1971. 

RESUM 

Milan VelikonJa 
Department of Biology and Institute of Biology, University of Edvard 
Karde/j, Yugoslavia. 

L 'hidroideu cavernfcola Ve/kovrhia enigmatica, fins ara names /oca/itzat a la cova de Planiska Jama, ha estat tambe observat 
en altres cavitats de/ carst Dinaric. 

La historia natural de l'hicroideu esmentat, va esser estudiada en el /aboratori. Es van descobrir dos tipus de gonofors (femella 
i mascle, respectivament). Els gonofors es presenten en colonies separades. La larva, de/ tipus planula consistent, alliberada en el 
gonofor femella, neda al vo/tant de la co/onia durant diversos perfodes de temps. Les poblacions de l'hidroideu cavernfco/a, en /es 
condicions de/ /aboratori, experimenten un cic/e estacional. 

RESUMEN 

El hidroideo cavernfcola Ve/kovrhia enigmatica, hasta ahora solo conocido en la cueva de Planiska Jama, ha sido tambien 
encontrado en otras cavidades def karst Dinarico. 

La historia natural de/ hidroideo arriba mencionado, fue estudiada en el /aboratorio. Se descubrieron dos tipos de gon6foros 
(hembra y macho respectivamente). Los gon6foros se presentan en colonias separadas, la larva, de tipo p/anula consistente, liberada 
en el gon6foro hembra, nada a/rededor durante diferentes perfodos de tiempo. Las poblaciones de/ hidroideo cavernfco/a expermientan 
un cic/o estacional en las condiciones de laboratorio. 

SUMMARY 

The cave hydroid, Ve/kovrhia enigmatica, hitherto knowm only from the cave Planinska Jama, was also found in some other 
caves of Dinaric karst. 

The life-history of the above mentioned hydroid were studied under laboratory conditions. Two types of gonophores (female and 
male respectively) were found. Gonophores appear on separated colonies. The larva, solid planula, released from the female gonophore, 
swimm about for different lenghts of time. Populations of the cave hydroid exhibit a seasonal cycle under laboratory conditions. 

Introduction 

Ve/kovrhia enigmatica the small Yugoslav endemic cave 
hydroid is still a puzzling especies. Up to now, investigations of 
the cave hydroid has a mostly taxonomical character (Matjasic & 
Sket, 1971 ; Kustor, 1977), giving only few biological data (Sket 
& Matjasic, 1977). Extensive knowlege concerning its ecology, 
ontogeny and biology is missing. Therefore our investigations will 
elucidate some of the above metioned unknown aspects in the 
biology of the cave hydroid. 

Material and Methods 

At the beginning of the channel Pisani kanal in the Rak branch 
(Rakov rokav) of the cave Planinska jama, many colonies of 
V.enigmatica were collected. At this site in extremely low water 
level, dense populations were found. Particularly dense are the 
populations in still bays, where currents appear to be negligible 
during low water levels. Since the habitat of V. enigmatica is 
accesible only occasionally (usually at the end of summer and 
rarely in very cold and dry winters) we decided to study its biology 
in culture. The hydroid was kept in a refrigerator in 200 ml glass 
jars at 10 1 °C. 

All animals were fed once a week with nauplia (or early stages 
of metanauplia) of Artemia salina which were washed several 
times with fresh water and then introduced among the tentacles 
of the hydroid (nauplia, released freely in the culture jars, died 
and fell to the bottom). 

At each feeding all hydrants and newly emerged gonophores 
were counted . 

AUSTRIA 

Fig. I: Position of the caves, in which the cave hydroids were found. I-The cave 
Planinska jama, 2-the cave Kr§ka jama, 3-the cave Tounjcica, 4(?)- questionable 
site, the cave Vjetrenica. 

Cave copepods on wich the hydroid presumably feeds in 
natural conditions, were not available in quantity. 

The nonexisting data about water level oscillations in that part 
of the cave, were substituted by data on month by averages of 
precipitations measured between the years 1926 and 1965 at five 
stations in the surroundings of the cave Planinska jama. 
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All observations were made employing a stereo microscope 
Zeis SMXX. The light was cut down by an IA filter. 

For histological studies, gonophores were fixed in the Bouin 
solution . ?- um thick slices were stained with haematoxylin-eosin 
and azan. 

Line drawings were made with aid of drawing apparatus Zeiss 
and stereo microscope Zeiss Laboval. 

Results and discussion 

1. Ecology and habitat 

V. enigmatica was hitherto known only from the surface of some 
m2 in the type locality. New data document a quite wide 
distribution of the animal in the Dinarides (fig . 1 ): 

- The cave Planinska jama (Slovenija-Slovenia, Yugoslavia) ; 
a number of localities along the entire Rak branch (Rakov rokav) 
of the cave (in extension of at least 1 km). 

- The cave Krska jama (Slovenija-Slovenia, Yugoslavia) ; above 
the resurgence of the river Krka, in an artificial substrate sampler 
we found two stems, both with hydrants. 

- The cave Tounjcica (Croatia-Hrvatska, Yugoslavia); we 
found live colonies on stones in small pools. Here it lives together 
with the troglobitic freshwater sponge Eunapius subterraneus 
subterraneus Sket & Velikonja. 

- The cave Vjetrenica (Popovo polje in Hercegovina, 
Yugoslavia); Only one stem with one hydrant was found in a 
container with living animals and stones from the mentioned cave, 
kept in Ljubljana. For this reason this site may be 
questionable. 

2. Vertical distribution 

Vertical distribution of colonies of V. enigmatica in the river 
bed is limited by the water level. Most of the colonies live below 
the low water level, although some were found outside of the 
water in dry summers (Sker & Matjasic, 1977). The upper limit of 
the vertical distribution in the river bed probably coincides with 
a nearly(!) steady inundation. 

3. Gonophores 

Gonophores of both sexes evidently differe in their 
morphology. In the material brougnt directly from the cave, we 
found only 4 female and no male gonophores (Sket & Majasic, 

Female goncphore 

Male ganophore 

-------Fp.. _______ _ 

--- --- -Gd-- - -- -- --

-------Ge- ----------

Fig. 2: Longitudinal section of female and male gonophores. Op-developing planulae, 
E-eggs, Ec-ectoderm, Fp-food particles, Gc-gastral cavity, Gd-gastroderm, Nc
nematocysts, Sc-spermal cells, Sp-spermatozooids. 

1977; own data). The live female gonophores is spherical or slightly 
elongate in shape. The male gonophore is pear shaped or very 
elongately elipsoidal. As the female and the male gonophores 
were never found on the same colonies, we may conclud that 
colonies are dioecious. 

The gonophores spring off in the part of the polyp, called 
«gastric column» by Bouillon (1967). Due to small number of 
gonophores , we can used for histological analysis, our idea about 
their internal structure is rather uncertain. A gonophore begins 
as an evagination of the entire body wall. the young gonophore 
contains a simple gastral cavity, but very early in the 
developement, the gastroderm evaginates into it. Eggs or 
spermatozoa resp., mature between the ectoderm and the 
gastroderm. As in the polyp, gastrodermal cells here also contain 
irregular shaped particles. These are probably food particles, 
which supply ripening sex cells or embryos respectively (fig. 2) . 
Arragement of the gastroderm in fuly developed gonophores is 
different in both sexes. Arragement of the gastroderm in the male 
gonophore is rather centrl (fig .2) whilen in the fermale gonophore 
it becomes tubular and pushed to the ectoderm (fig .2) . 

4. Larva 

The larva is a solid planula, 200 um in length. It glides and 
swims about slowly from some hours to some days after which 
it attaches to the substratum with its anterior end. Under 
laboratory conditions before final adhesion, larva repeatedly 
attached to the substratum and then released from it. In the 12 
day old larva a small cavity appears in the central mass of cells , 
which later most probably becomes the gastral cavity of the 
hydroid. 

We were unsuccessful in keeping animals (alive) during further 
development. 

5. Seasonality of hydrants and Gonophores 

The seasonal rhytmicality in the number of hydrants as well 
as in gonophore emergence were observed during a two year 
period. The number of hydrants fluctuate gently between 
November and July (fig . 3). The number of hydrants in August 
suddenly decreased and during the following three months the 
initial state was attained. The average number of hydrants 
between November to July was 17.4 and in August only 7 hydrants 
per colony. 

15 
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Fig. 3: Seasonal growth of the hydrants. -- - - Average month number of the 
hydrants, counted once a week. - - - Month average precipitations measured 
during the years 1926-1965. 

Similar rhytmicality was observed in the growing together of 
new gonphores But the maximun number of newly emerged 
gonophores was observed during January to March (table 4). 
· The high number of hydrants persists through nine months. 

It is followed by a sudden degeneration in August and 
consequently by a three months period of new growth 
(regeneration?). 
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Fig. 4: Seasonal growth cycle of gonophores. - - - - Number of gonophores per 
hydrant. - - - Month average precipitations measured during years 1926-1965. 

Thus in a one year cycle of growth, we can distinguish two 
stages: the first is relatively constant and lasts from November 
to July. During this stage the number of hydrants is rather 
constant. The second stage is charatcterised by a rapid reduction 
of most hydrants, followed by a gradual development of new 
ones. This periodicity is in accordance with the periodicity of 
precipitations. It is highly possible that it is caused by a «flood 
factor», as pointed out by Hawes (in Vandel 1964). The period of 
colony regeneration (September-November) coincides with the 
height of precipitations, due to which waters bring into the 
underground new quantities of food (tiny animals and organic 
particles). It is possible, that the reduction of the hydrants is an 
adaptation to very low water levels in summer months, but it also 
facilitates survival of colonies outside of the water. The new 
growth, in this case, is the only urgent consequence of previously 
reduction. Even the rhitmicality in the accretion of gonophores 
which have a considerable shift after accretion of hydrants, may 
be the consequence of the first or the second reason. 

We compare, that course, with data of the hydrological 
conditions, as far as they are accessible to us. 

Precipitation data combined with our own experience from 
, occasional visits to the cave indicate that precipitation quantity 
is followed by quite high water levels in the cave persinsting till 
the beginning of the next summer, and which are sometimes 
interrupted by short low level periods in very cold winters. The 
increase in precipitations in August, usually does not cause a 
rise in the water level (due to dried out karstic surface). 

Table 5 shows the direct relation between quantity of water 
in cave system (expressed in mm of precipitations) and an average 
number of hydrants in colonies. The cave system fills up from 
February to May (the amount of precipitations is increased; points 
2 to 5). The lowest level in the cave system is attained in August; 
though increased precipitations in the same month have no effect 
on the amount of water in the cave system. Due to technical 
reasons the whole culture was not feed in July. 

In order to find out , what effect could this have on periodic 
growth , four groups of colonies were starved even during the 4 

100 150 200 

Precipitations (mm) 

Fig . 5: Direct relation between the number of hydrants and amount of precipitations. 
Numbers (1,2,3, . .) represent months. 

months of the most active growth. The fact, that no difference 
appeared between fed and non fed groups, shows that even 4 
weeks of starvation (nonfeeding) does not effect the rhitmicality 
of growth of the whole colony. 

In spite of the above mentioned, we can concluded with some 
certainty, that the seasonal rytmicality of hydroids is adapted, on 
the one hand to oscillations of food quantities in the natural 
habitat, and on the other hand, to very low water level in summer 
months, which facilitates survival of colonies outside of the water. 
Such rytmicality is retained during regular feeding under laboratory 
conditions. It seems that such rytmicality is genetically 
stabilized . 
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Evaluation of some taxonomically, zoogeographically, or ecologically 
interesting finds in the hypogean waters of Yugoslavia (in the last decades) 

Boris SKET 
University E. Kardelj, Ljubljana 

RESUM 
Taxonomicament tenen especial interes els (mies representants frog/obis dels Porffera-Spongillidae, Cnidaria-Hydrozoa i Bivalvia

Dreissenidae. 
En et carst Dinaric s 'hi reconeixen 4 regions zoogeogragiques indistintament limitades: /es regions continentals NW i SE, 

delimitades per /es zones epilitoral i para/itoral. Mentre que la seva distribuci6 en altres regions ens mostra un tons essencia/ment 
historic, J'ultima regi6 esta principalment determinada (!) pel factor ecologic. A/guns elements presenten una distribuci6 holodinari
ca . 

La importancia ffsica de/s «re/ictes marins» en la fauna cavernfcola s 'ha vist disminui'da des de diferents punts. El model de 
distribuci6 de Marifugia (Polychaeta Serpulimorpha) ens recorda que es troba en un ambient d 'aigua dolr;a . La distribuci6 de diferents 
Monolistra spp. (lsopoda, Sphaeromatidae) ens prova la seva especiaci6 en aigues dolces epigees. Fins i tot la fauna anquihalina 
de lugoslavia presenta algunes caracterfstiques lfmniques (tant taxonomicament com fisiologica). 

RESUMEN 
Taxon6micamente son de especial interes las unicos representantes trog/obios de las Porifera-Spongidiae, Cnidaria-Hydrozoa, 

y Bivalvia-Oreissenidae. 
En el karst Oinarico se pueden reconocer 4 regions zoogeograficas indistintamente limitadas: las regiones continentales NW y 

SE que estan delimitadas par las zonas epilitoral y paralitoral. Ya que la distribuci6n en otras regiones muestra un fondo principalmente 
hist6rico, la ultima region esta principalmente determinada (!) par la ecologfa. Algunos e/ementos muestran una distribuci6n holo
Dinarica. 

La importancia ffsica de las «relictos marinos11 en la fauna cavernfcola se ha vista disminuida desde diferentes puntos. El mode/a 
de distribuci6n de Marifugia (Po/ychaeta Serpulimorpha) recuerda el que se encuentra en e/ementos de agua dulce. La distribuci6n 
de diferentes Monolistra spp. (/sopoda, Sphaeromatidae) prueba su especiaci6n en aguas du/ces epigeas. lnc/uso la fauna anchihaline 
de Yugoslavia refleja algunos rasgos lfmnicos (tanto taxon6mica coma fisio/6gicamente). 

SUMMARY 
Taxonomically particularly interesting are the unique troglobitic representatives of Porifera-Spongillidae, 

T urbellaria-Temnocepha/ida, Cnidaria-Hydrozoa, and Bivalvia-Oreissenidae. 
Four indistinctly delimited zoogeographical regions may be recognized in the Dinaride karst: the NW and SE continental regions 

which are bordered by the epilittoral and the paralittoral regions (zones). Since distribution in other regions exhibit mainly historical 
backgrounds, the latter region is mainly (!) ecologically determined. Some elements exhibit a ho/o-Oinaric distribution. 

The fictive importance of «marine re/ics11 in the cave fauna has been diminished from different points. The distribution pattern 
of Marifugia (Polychaeta-Serpulidae) resembles that of the recognized freshwater elements. The distribution-pattern of different 
Monolistra spp. (/sopoda-Sphaeromatidae) gives proof of their speciation in epigean fresh waters. Even the anchihaline fauna of 
Yugoslavia exhibits some limnic traits (either taxonomically or physiologically). 

Peculiarity of the dinaric c~ve fauna 

The extreme taxonomical diversity of the hypogean fauna in 
Yugoslavia has been known from the very beginnings of the 
speleobiology. Also some unique representatives of higher taxa 
were found either very early or before the past war (Proteus 
anquinus Laurenti 1768, Marifugia cavatica Absalon et Hrabe 1930, 
e.g.). Meanwhile the glory of some other findings was later 
diminished by findings outside Yugoslavia (e.g. Dina abso/oni 
Johansson 1913 is no longer the only troglobitic leech species; 
Sket 1986a), other interesting animals were found there. And the 
number of less prominent taxa is steadily increasing . 

Stygobitic GASTROPODA of Yugoslavia belong mainly to the 
ordo Mesogastropoda (sci. Prosobranchia), there are also some 
Pulmonata (Acroloxidae e.g.). About 135 recognized taxa of the 
species category in Yugoslavia represent about 40 % of the World 
register of such taxa (compate Bole & Velkovrh 1986). Copepoda 
CALANOIDA are represented in the World with less than a dozen 
troglobitic species. Two new species representing endemic 
genera were found in Yugoslavia in the last decades (Petkovski 
1978, 1981 ); one of them reaches also the Italian part of the 
Dinaric System (Stoch 1984). The number of AMPHIPODA species 

is increasing rapidly , particularly in the genus Nipharqus; G. 
Karaman (1974) enumerated nearly 60 species (not all hypogean 
!) with many subspecies. Also new related genera have been 
described. Similar in the case in ISOPODA. Particularly 
characteristic is the family Sphaeromatidae which with only 4 
taxa in 1910 (Racovitza) appeared to be just an odd and rare 
guest in fresh cave waters . In 1967 20 and in 1986 (Sket) already 
30 (genus Mono/istra) taxa from an important number of localities 
in Yugoslavia were known, thus representing one of the 
commonest settlers in our cave waters (only 8 taxa are known 
outside of Yugoslavia). 

Oiafolliculina hadzii Matjasic 1962 from Popovo polje in 
Hercegovina is one of the few freshwater representatives of the 
large family and the only described cavernicolous representative 
of the ordo SPIROTRICHA (Ciliata) . At least one species more of 
the same group has still to be described. 

Eunapius subterraneus Sket & Velikonja 1984 from Ogulin 
surroundings in W Croatia is the only known troglobitic 
representative of SPONGLILLIDAE resp. of the freshwater 
sponges (Porifera). 
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About a dozen of species of Scutariel/a, Stygodytico/a, 
Buba/ocerus, Subtelsonia, and Trog/ocaridico/a (all Matjasic 1958) 
have been found along the Dinaric Karst area (including Italy), 
being the only troglobitic representatives of TURBELLARIA 
TEMNOCEPHALIDA. Only one species is known in Europe from 
epigean waters. Cf. Microplana sp., found in Slovenia seems to 
be the first troglobitic representative of TRICLADIDA TERRICOLA 
(Turbellaria). Only immature specimens have been examined till 
now. 

Velkovrhia enigmatica Matjasic & Sket. 1971 (?Bougainvilliidae) 
from central Slovenia, W Croatia and probably Hercegovina is the 
only troglobitic representative of the HYDROZOA (and probably 
of Cnidaria) . 
Congeria kusceri Bole 1962, inhabiting caves along the Dinarides 
represents the family DREISSENIDAE; it is most probably the only 
troglobitic representative of the Bivalvia. It is very doubtful, 
whether the few Pisidium species, known only from caves, are 
really troglobitic. Theodoxus (Neritaea) subterrelictus Schott 1963 
from Hercegovina is the only subterranean representative of the 
ordo DIOTOCARDIA (= Archaeogastropoda). 

All our cave animals have at least epigean relatives outside 
Yugoslavia, i.e. no one is the onyl representative of its order. It 
is worth adding that no troglobitic fishes (Pisces) have been found 
in Yugoslavia (or in Europe at all) . 

Zoogeography of the dinaric cave fauna 

The zoogeographical partitioning of the cryptic fauna (i .e. fauna 
of caves, springs, soil , a part of the remaining ground fauna) of 
the Dinarides is becoming step by step clearer. The borders 
between the NW and the SE continental regions resp ., postulated 
by Jeannel (1928) as being very distinct are losing their 
distinctivness but not their virtuality (Sket 1970, 1970a), 
particularly since we joined the Ve/kovrhia, Congeria, and 
Typhlogammarus to the holodinaric elements, like Proteus and 
Marifugia (Velikonja, 1986; Bole & Velkovrh, 1986; G. Karaman, 
1972). 

Both regions are bordered by an epilittorale zone, 
characterised by the presence of the Cirolanid Sphaeromides 
virei (Brian 1923) and probably of some taxa closely related to 
Nipharqus steueri Schellenberg 1935 (they have not yet been 
taxonimically studied). This zone is of continental character, the 
inhabited water being completely fresh . 

Neither of the two above mentioned regions nor the epilittorale 
zone can be based on present paleogeographical data. 
Particularly confusing is the fact, that the cirolanid occurs along 
the Adriatic coast in a virtually unchanged form (S. virei viret) 

B. Sket: Evalutation ... 
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Fig. 1 Distribution of some Monolistra spp. in SE Slovenia and adjacent parts of 
Croatia (L·Ljubljana, Z-Zagreb, R-Rijeka); 1- hypothetical prekarstic drainage 
directions, 2- actual streams (epigean, hypogean); 3 M. caeca absoloni Rae., 4 M. 
c. ssp., 5 M. c. intermedia Sket, 6 M. c. caeca Gerst., 7 M. c. meridionalis Deeleman; 
B M. racovitzai racovi tzai Strouba/1, 9 M. r. karamani Sket, lo M. r. pseudoberica 
Sket, 11 M. r. conopyge Sket, 12 M. bericum hadzii 13 M. b. ssp.; ?- subspecific 
identity uncertain. Note the increased racial differentiation in the NW of the M. caeca 
area, where the river systems must have changed most early. Areas of species are 
,n accordance with ancient epigean river systems. 

which makes a polytop immigration directly from the Sea 
improbable. Both higher specialized taxa (S. v. mediodalmatina 
Sket 1964, S. v. montenigrina Sket 1957) are living a bit further 
inland. 

The most seaward paralittoral zone seems as if being 
determined by recent ecological conditions. It is a zone of 
anchihaline cave waters i.e. either brackish or inhabited by an 
explicitely brackish-water fauna (Sket 1981). Some widely 
distributed anchihaline species (Niphargus hebereri Schellenberg 
1933, Hadzia fragilis S. Karaman 1932, Monodel/a argentarii Stella 
1951 , Diacyclops antrinco/a Kiefer 1967) are also present along 
large parts of the Dinaric coasts, with some, probably relic 
localities further inland. All of them show clear preferences for 
the lowest salinities or for fresh water or where competitors are 
absent. 

The Dinaric area (resp. its Adriatic coast) has not been covered 
by sea to a greater extent than it is presently since the Miocene 
and a small part of it (part of the lstra Peninsula) was land already 
in the Paleogene (Prelogovic et al. 1975). 

Therefore it is most probable that the elements of the present 
anchihaline fauna inhabited fresh waters between the Paleogene 
and the Miocene desiccation. Being competitively weak but 
euryhaline, it was pushed seawards by the stronger freshwater 
fauna, leaving behind some relic populations (Hadzia in the 
Vjetrenica Cave, Diacyc/ops near Titograd e. g.). This anchihaline 
fauna regained its present area during the last Quaternary 
transgression . 

Tha Kvarner-Velebit-Region (including the islands Pag and 
Gres, as well as the coast and islands NE and NW of them) is 
not included into the paralittoral zone. The characteristically 
anchihaline Monodella, Acanthocyclops gordani Petkovski 1971 , 
Niphargus salonitanus S. Karaman 1950 or N. hebereri are missing 
there, Niphargus is even in brackish waters representd by species 
of a more continental character (groups orcinus, taurt) ; Hadzia 
occurs only locally in fresh waters of the KrK Island. Also the 
widely distributed epigean coastal isopod Jaera ltalica Kesselyak 
1938 in there replaced by the endemic J. schellenbergi Kesselyak 
1938 (Sket, 1969). The paralittoral elements are present again on 
the islands Silba and Losinj as well as on the S end and the W 
coast of the lstra Peninsula. 

We could speculate that a freshwater lake had persisted till 
the most recent times in the relatively closed Kvarner-Velebit 
Region during the last transgression. It could have prevented or 
at least impeded the invasion of the above mentioned fauna by 
offering good conditions for the persistence of the continental 
fauna. 

Origin of the cave fauna 

The presented distribution of the Dinaric anchihaline fauna as 
well as its hypothetical history gives hold to a supposition, that 
it is of a freshwater, rather than of a direct marine provenience. 
The supposition is also supported by the fact that all of our 
anchihaline species (including the locally polyhaline Monodel/a) 
occur locally in fresh waters and in all localities prefer water with 
lowest salinity when free of competitors. The situation on the 
Dinaric coast may be a particular one, but it demonstrates well 
how exaggerated the emphasis on the marine provenience of the 
cave fauna may be. 

Chappuis (1926, p.146) already made an assertion that 
Malacostraca which are so characteristic for the present cave 
fauna, were widely distributed in surface fresh waters in «early 
geological periods». It is remarkable that so few spelobiologists 
accepted his suppositions, emphasizing the marine provenience 
of cave animals at each occasion . Chappuis ' assertions were 
probably too weakly grounded by arguments; but some prejudices 
about the shape of freshwater animals may also have been 
involved. Anyway, the conviction about the (direct ?) marine 
provenience of the cavernicolous Natantia, Sphaeromatidae, 
Cirolanidae etc. is expresed in a too great number of papers. 

One of the possible (model-) representative groups for marine 
elements are the mentioned Monolistrini (Sphaeromatidae, 
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lsopoda), particularly as the family in no part of the todays dry 
land really successfully ruled fresh waters. Chappuis (1927, pp. 
143-144) supposes that they too invaded the underground from 
the epigean fresh waters. Meanwhile most authors neglected his 
ideas, they were attested by the distribution of particular taxa 
(species and subpecies) which confirm a speciation in epigean 
rivers (Sket, 1970a). This is in good accordance with the molecular
genetic datation of speciation in the genus, which must have 
taken place during the Pliocene (Caccone et al. 1978). The salinity 
crisis in the Miocene (Hsu, 1972, Hsu et al., 1977) was certainly 
an event which isolated many animal species invading estuaries 
or fresh waters from the marine parts of their populations. Our 
new faunistical data only make the previous picture more 
convincing, therefore a new sketch of the Monolistra distribution 
in SE slovenia is presented , compared with the hypothetical 
prekarstic river systems (fig . 1 ). 

Cave fauna (even the anchihaline one !), probably is not 
everywhere so expressively limnic in its provenience but the 
dinaric fauna is certainly not an exception in the World. 

Pollution 

The last group of investigations I want to mention are complex 
investigations in the Postojna Planina Cave System, particularly 
in its waters. The selfpurifying ability of a hypogean stream has 
been investigated in limits of the possibilities forced by 
complicated hydrological conditions . As in other hypogean waters, 
an accumulation of nitrates after the degradation of organic 
matters was observed. Oxygen saturation is achieved already 
some km past the insurgence of the polluted river Pivka (Sket & 
Velkovrh 1981). 

Also theoretically interesting are observation of the penetration 
of epigean animals underground. It is supported by increased 
organic pollution (which may be natural in other localities), showing 
what an important role food plays in determining the success in 
competition in hypogean habitats (Sket in press). 
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Cavernicolous campodeids (insecta: diplura) of Mexico 

RESUM 

Dr. Lynn M. Ferguson 
Department of Natural Sciences 
Longwood College, Virginia, USA 

En aquest treba/1 s'examinen i es descriuen cinquanta-nou co/-leccions de dip/urs campodeids de coves mexicanes. En compara 
tambe la zoogeografia i filogenia d 'aquestes especies de campodeids amb els diplurs cavern/co/es, previament citats, de Mexic i 
America Central, aixf com /es diverses co/-leccions epfgees de diplurs de diverses localitas. 

RESUMEN 

Se examinan y describen cincuenta y nueve co/ecciones de dipluros campodeidos de cuevas mejicanas. Se compara la 
zoogeograffa y filogenia de estas especies de campodeidos con /os dipluros cavern/colas previamente citados de Mejico y America 
Central, asf como con varias co/ecciones epfgeas de dipluros de las mismas localidades. 

SUMMARY 

Fifty-nine collections of campodeid diplurans from Mexican caves are examined and described. The zoogeography and phylogeny 
of these campodeid species are compared to the cave dip/urans reported previously from Mexico and Central America, as well as 
to several epigean collections of dip/urans from the same localities. 

12261 

Updating of Bathysciinae of the Iberian Peninsula Col. Catopidae) 

0. Esco/a B. 
Museu de Zoologia. Barcelona. 

RESUM 

Despres de la magistra/ «Monographie des Bathysciinae» de JEANNEL el 1924, el seguent treba/1 de conjunt sobre els Bathysciinae 
d 'Espanya va ser efectuat per ESPANOL el 1953.i posteriorment per LANEYRIE, el 1967 i 1969 i per GUEORGUIEV el 1976. 

L 'objectiu d'aquest treba/1 es el d'elaborar un cata.leg de totes /es especies conegudes de la Peninsula lberica fixant l'ordenaci6 
taxonomica de /es series filetiques, generes, subgeneres, especies i subespecies, amb a/guns grups reordenats, principalment el 
1978. Despres de cada forma, amb /'autor i any de la descripci6, s'indiquen la localitat tfpica i /es co/-leccions que conserven els 
tipus. No coneixem cites de Bathysciinae de Portugal, aixf com tampoc ni de /es Illes Ba/ears ni Canaries. 

La Posta al dia def conjunt de la subfamflia mostra el continu creixement def nombre de taxons aixf com es perfila una mil/or 
definici6 de /es especies de gran variabilitat o una clarificaci6 de taxa a nive/1 supraespecffic. 

En a/lo que fa referencia a la Peninsula lberica, des de la revisi6 global per a tot el m6n de la «Monographie des Bathysciinae» 
el 1924 fins a /es addicions def 1953 es descrigueren 22 formes noves, des d 'aquest darrer any fins al 1969, amb la nova classificaci6 
de Laneyrie, 16 especies o subespecies noves, ides d 'a/eshores fins a /'actualitat el nombre total s 'ha incrementat en unes altres 
42 (car s 'ha de tenir present que 23 de /es especies o subespecies anteriors han passat a la sinonlmia). 

RESUMEN 

Despues de la magistral «Monographie des Bathysciinae» de JEANNEL en 1924, el siguiente trabajo de conjunto sobre /os 
Bathysciinae de Espana fue efectuado por ESPANOL en 1953 y posteriormente por LANEYRIE, el 1967 y 1969 i por GUEORGUIEV 
el 1976. 

El objetivo de este trabajo es el de elaborar un catalalogo de todas las especies conocidas de la Peninsula lberica fijando la 
ordenaci6n taxon6mica de series fileticas, generos, subgeneros, especies y subespecies, con algunos grupos reordenados, principal· 
mente en 1978. Despues de cada forma, con el autor y aflo de la descripci6n, se indican la localidad tfpica y colecciones que 
conservan los tipos. No se concen citas de Bathysciinae en Portugal asf como tampoco en las is/as Baleares ni Canarias. 

129 



La Puesta al dia de/ conjunto de la subfamilia muestra el continua crecimiento de/ numero de taxones asi coma se perfila una 
mejor definici6n de las especies de gran variabilidad o una clarificaci6n de taxones a nivel supraespecifico. 

Par lo que se refiere a la Peninsula lberica, desde la revision global para todo el mundo de la «Monographie des Bathysciinae» 
en 1924 hasta la adiciones en 1953 se describieron 22 formas nuevas, desde este ultimo afio hasta 1969 con la nueva clasificaci6n 
de LANEYRIE que aporta 16 especies o subespecies nuevas y desde entonces hasta la actualidad el numero total se ha incrementado 
en otras 42 (teniendo presente que 23 de las especies y subespecies conocidas han pasado a la sinonimia). 

SUMMARY 

After the work «Monographie des Bathysciinae» by JEANNEL (1924) the following writings on the Spanish group were carried 
out by ESPANOL (1953), LANEYRIE (1967, 1969) and by GUEORGUIEV (1976). 

The aim of this paper is to gather all Bathysciinae species from the Iberian Peninsula placing the phy/ectic lines, genera, 
subgenera, species and subespecies, some groups rearranged mainly in 1978, in systematic order. 

After every form which includes author and year of description, typical locality and collections which keep the types are indicated. 
No cave records are known for Bathysciinae neither in the Balearic and Canary Islands nor in Portugal. 

Briging up to date to whole of the subfamily has shown the continuous increase of taxa since 1924. It also points out a more 
accurate definition of very variable species and a better understanding of supraspecific taxa. 

As for the Iberian Peninsula, between the overal revision for all the world in the «Monograpnie des Bathysciinae» in 1924 and 
1953, 22 forms were described. Since then until 1969 the new classification of Laneyrie gave 16 new species or subspecies. From 
1969 the total number has increased in 42 (taking into account that 23 have become synonimies). 

The Bathysciinae were masterly revised by Jeanna! (1911 and 
1924) who established the essential supports for the subfamily 
setting revolutionary opinions on it. Afterwards Espanol, Laneyrie 
and this work give a statement of every species of Bathysccinae 
as noted in table I. 

We should remark that some taxa have suffered new 
combinations, synonymies, species which have become 
subspecies, subgenera have become genera and vice versa, and 
perhaps one of the more singular is the reunion of the genus 
Speophi/us with Troglocharinus (BELLES et al. , 1978). $peophilus 
was the first Bathysciinae known from Catalonia (in 1869) and 
described by Reitter as an independent genus which called 
Perrinia, in 1985. Jeanne! in 1911 had to change this nomen 
praeocc. by Speophi/us. As Troglocharinus was described in 1908 
it has priority on Speophi/us. 

Check-list of the species and subspecies of Bathysciinae 
from the Iberian Peninsula 

The list is made giving the genus (in capital letters) and every 
form followed by author and year of description, cave which is 
the typical locality, municipal boundary, province abbreviated as 
in cars matriculation which meaning is as it follows : 

A: Alacant, B: Barcelona, Bl : Bizcaia (capital: B.ilbo), BU: 
Burgos, CS: Castello, GI: Girona, HP: Hautes Pyrenees (France), 
HU: Huesca, L: LLeida, LE: Leon, M: Madrid, NA: Naparra 
-Navarra- , 0: Oviedo, PA: Palencia, S: Santander (Cantabria), 
SS: Gipuzkoa -Guipuzcoa- (cap. Donostia -San Sebastian-), T: 
Tarragona, V: Valencia, VI : Araba -Aiava- (cap. Gasteiz 
-Vitoria-) 

Genera 

spp. 

s.spp. 
Total spp. 

+ s.spp. 

Table I 

JEANNEL 
1924 

11 

77 

30 

107 

ESPANOL 
1953 

13 

86 

43 

129 

LANEYRIE 
1969 

13 

86 

48 

134 

This work 
1985 

21 

130 

46 

176 

Number of genera, species and subspecies in the works which indicate every 
species of Bathysciinae. 

(12) 

G. ANILLOCHLAMYS Jeann., 1910 
bueni Jeann., 1910 
avariae Comas, 1977 
tropicus (Ab), 1881 

sp. typus: A. tropicus Ab., 1881 
Cv. Andorial.A. Coll.Biosp. 
Cv. Forat.Barx.V MZB 
Cv. Meravelles. Carcaixent.V M N H P 
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hispanicus Ehl. - inlitt. MNAP 

moroderi C.Bol. , 1924 Cv. Meravelles. Llombai.V. Mus. Ma
drid, Coll. Biosp. 

subtruncatus Jeann., 1930 Cv. Negra Montanejos. CS. Coll. 
Biosp. 

(baguenai Jeann., 1930) 

(34) 

(32) 

(11) 

(13) 
(27) 
(27) 
(14) 

aurouxi Esp., 1965 
cullelli Lag., 1978 

Cv. Covatilla. Afn. CS. MZB 
Cv. Santa de Serra d'En Galceran. CS 
Coll. Lagar 

S.G. Anillochlamys (Paranillochamys) (Zariquiey, 1940) 

velox Zar., 1940 
v. montadai Lag., 1963 
catalonicus Jeann., 1913 

sp. typus: P. velox, Zar. , 1940 
Av. Fotx. Tivissa. T. Coll. Zar. 
Cv. Lludriga. Tivissa. T. Coll. Lagar 
Cv. Santa Montsant. Cornudella. T. 
Coll. Biosp. 

urgellesi Esp. , 1965 Cv. Bonica. S.a Montsia. T. MZB 
G. PSEUDOCHLAMYS Comas, 1977 sp. typus: P. raholai Zar., 1922 
raholai Zar., 1922 Cv. Tasana. Cadaques. GI. Coll. Zar. 
r. luisbofilli Zar., 1940 Cv. Malaterra. Roses. GI. Coll. Zar. 

(probably it may be synonymous of P. raho/ai) 
G. SPELAEOCHLAMYS Dieck, 1870 sp.typus: S. ehlersi Dieck, 1870 

ehlersi Dieck, 1870 Cv. Joliana. Alcoi. A. Coll. L. von 

verai Comas, 1977 
G. TYPHLOCHLAMYS Esp. , 1975 
bardisai Esp., 1975 
escolai Comas, 1978 
G. NOTIDOCHARIS Jeann., 1956 

franzi Jeann., 1956 
zariquieyi Jeann., 1924 

Heyden 
Cv. Tfo Melchor. A. MZB 
sp. typus: T. bardisai Esp., 1975 
Av. Barratxina. Xixona. A. MZB 
Av. Caldero. Tibi. A. MZB 
typ.: Speocharis uhagoni Shp. 
Monte Reres. 0. Coll. Biosp. 
Pico Leitariegos (en Caboalles). 
LE. Coll. Biosp. 

z. asturiensis Jeann ., 1956 Monte Montera (Puente Fierros). 
0 . Coll. Biosp. 
ovoideus Jeann ., 1956 

uhagoni (Shp., 1872) 

Bosque Munielles (circa Cangas Onfs). 
0. Coll. Biosp. 
Reinosa. S. Brit. Mus. 

u. castilianus Jeann ., 1956 
Puerto Carrales. BU. Coll. Biosp. 

G. SPEOCHARIS Jeann., 1910 
Quaestus Schauf., 1861 
Quaesticulus Schauf., 1861 

arcanus Schauf, 1861 

perezi Shp., 1872 

(clermonti Jeann., 1913) 

(41) sajambrensis Salg., 1980 

breuili Jeann., 1910 
sellai Bol., 1924 

«Hisp. occ.» (valleys of Saja and Bela
ya rivers, S) Coll? 
«Caves of Cuanes and Cuasande», 0. 
Brit. Mus. 

Cv. Buseco, Oseja de Sajambre, LE. 
Coll. Salg. 
Cv. Pindal, Pimiango, 0. Coll. Biosp. 
Cv. Penicial, Llanes, 0. Mus. Madrid 



1s hennc1 Jeann., 1924) SALGADO NOV. SINON., 1978 

jeannei Coif! , 1965 Cv. Vega Teon, Covadonga, 0. Coll. 

(43) j. sotoensis Salg ., 1982 

(43) j. pongai Salg., 1982 

(43) recordatrionis Salg., 1982 

(26) nuptialis Esp., 1973 

(38) olajensis Salg ., 1978 
occidentalis Jeann., 1911 

Coif!. 
Cv. Sotorriza, Soto Sajambre, LE. Coll. 
Salg. 
Cv. Cotazosa II , Cadenava-Belerio, 0. 
Coll. Salg. 
Cv. Agua or Venero, Las Cuevas, 0. 
Coll. Salg. 
Cv. Triangulo, Velilla de Guardo, PA 
MZB 
Cv. Carrascal. St• 0laja Varga, LE. MZB 
Cv. Quintana!, Balmori, Llanes, 0. Coll. 
Biosp. 

(o. obermaieri Bol. , 1924) Cv. la Verde, Porrua, Llanes, 0 NOV.SINON. SALGADO, 
1978 

(40) 

(38) 
(46) 

(44) 

(39) 

pseudoccidentalis Salg., 1980 

espanoli Salg. 1978 
luctuosus Salg., 1985 
adnexus Schauf. 1961 

bergidi Salg., 1983 

pachecoi Sol. , 1915 

mariscali Salg., 1979 

cisnerosi Per. Ar., 1872 

autumnalis Esc, 1898 

Cv. Sidron, Borines-Villamayor, 0 . Coll. 
Salg. 
Cv. Cuevona, Ribadesella, 0. MZB 
Cv. Venero, Las Cuevas, 0 Coll. Salg. 
11Hisp. occ.11, Torrelavega, S., 11Cave 
near Panes» 
Cv. la Gruta, La Barosa, LE. Coll. 
Salg. 
Cv. San Roman Candano, 0 Mus. Ma-
drid . 
Cv. Tocinos, Caldas de Luna, LE. Coll. 
Salg . 
Cv. Reguerillo, Patones, M. Mus. Ma
drid 
Cv. Castillo, Puente-Viesgo, S. Coll. 
Esc. 

a. brevicornis Jeann ., 1924 Cv. Homos Pena, S. Coll. Biops. 
(10) angustitarsis Esp., 1950 Cv. San Lorenzo, Mariaria, 81. MZB 
(begoniae Negre, 1965) 

vasconicus La Brul. , 1873 
cisnerosi Rtt ., 1885 

sharpi Esc , 1898 

Cv. Albia, Orduna, 81. Coll. La Brui. 

Cv. Brujas Scuances, S. Coll. Esc. 
(s. nigricans Jeann , 1924) Cv. Soldados, Pie. Viesgo, S. Coll. Biosp. 
(s. escalerai Jeann ., 1924) Cv. Covalanas, Ramales , S. Coll. 
Biosp. 
(s. bolivari Jeann ., 1924) Cv. Cuerdavilloso, Rucandio, S. Coll. Biosp. 

(30)G. ESPANOLIELLA Gueorg., 1976 sp. typus: Breuilia tibialis 
Jeann ., 1910 

cuneus (Jeann., 1910 sub Breuilia) Cv. Ventalapera. 81. Coll. Biosp. 
tibialis (Jeann., 1910 sub Breuilia) Cv. San Roque Liebe. 

Rasines. S. Coll. Biosp. 
(cendreroi C Bol. , 1924) Cv. Castillo Noja (partido Santana). S. Mus. Madrid 

urdialensis (C. Sol. , 1917 sub Breulia) Cv. Mingobalsa. Los Corrales de San
tullan. S. Mus. Madrid 

jeanneli (C. Sol. , 1917 sub Breulia) Cv. Juan Gomez. Samano. S. Mus. 
Madrid 

(29) (7) G. SPEOCHARINUS Esp. et Esco!. , 1977 
(29) llosesi Esp. et Escol. , 1977 Sima Morteron Hoya Salzoso Saba. S. 

MZB 
(42) G. BREUILITES Salg., 1980 
(42) eloyi Salg ., 1980 Villamayor (Piloria). 0. Coll. Salg. 
G. BATHYSCIOLA Jeann., 1910 
(Ade/ops auct. nee Telk., Bathyscia auct. nee Schiodte, Catopsinus Malsch. 1868 

nom nud.) 
zariquieyi C. Bol. , 1919 
z. serratensis Coitt., 1959 
penicillata Jeann , 1924 
madoni Jeann., 1923 

greneiri Saul. , 1872 

schiodtei schiodtei (Kies., 1850) 

s. azuai C. Sol. , 1921 
s. breuili C. Sol. , 1921 
s. rugosa Shp., 1872 
s. obermaieri C. Sol. , 1918 

Vallvidrera. 8. Mus. Madr. 
Montserrat 8. Coll. Coitt. 
Naves. L Coll. Biosp 
Prats de Mollo (France) 
Coll. Biosp. 
Spain: St Sebastia Montmajor (near 
Berga, 8) 
Le Vernet Coll. A Argod (also: Ando
rra) 
Bagneres-de Luchon (HP) (also: Vall 
d'Aran. L) 
Peria Gorbea VI Mus. Madr. 
Cv. Landarbaso SS Mus. Madr 
Zuazo VI Brit Mus. 
Cv. St• Elena. Biescas HU Mus. Ma
drid 

aranensis Coitt., 1959 Artiga Lin (Vall Aran, L) Coll. Coiff. 
ovata kiesw, 1850 Pyrenees (Spain: Vall Aran) 
o. catalana Coitt., 1959 Ripoll. GI. Coll. Coitt. 
o. aragonica Coitt. , 1959 Bono. L Coll. Coitt. 

G. SPEONOMUS Jeann., 1908 sp. typus: S. pyrenaeus (Lesp.) 
(8) Speonomus (Parvospeonomus) Bell. 

et Escol. , 1977 sp. typus: urgellesi Es 

escalerai Jeann., 1910 Cv. Cullalvera, Ramales, S. Coll. Biops. 
delarouzeei (Frm., 1861) «Grotte d'Arles-sur-Tech» Pyr. Orient 

France. Mus. Paris 
Breulia mimetica Jeann., 1924 NOV. SINON. SALGADO, 1978 

(38) nadali Salg ., 1978 Cv. Cariuela, Arredondo, S. MZB 
cantabricus Uhag ., 1881 Cv. Magdalena, Galdames, BL Mus. 

Madrid 

(brucki Frm., 1863) 

(delarouzeei catalonicus Jeann., 1910) 

(faurai Jeann , 1910) 

(guimjuani'Zar. , 1919) 

flaviobrigensis (Uhag., 1881 ) Cv. San Roque Utzcorta, 81. Mus. Ma- (faurai guimjuani Jeann., 1924) 

drid (faurai esponellai Zar., 1935) 

(u tzcortensis Rtt ., 1885) 

(dissimilis Coif!. , 1965) 

vilarrubiasi Zar. , 1940 Cv. Feixasses. St Feliu de Pallerols. 
GI. Coll. Zar. 

noltei Coif! , 1965 Cv. Goikolau, Lekeitio, BL Coll. Coitt. ugellesi Esp., 1965 Av. Aranyes. Tordera. 8. MZB 
minos Jeann , 1910 Cv. Cullalvera, Ramales, S. Coll. Biosp. (33) canyellesi Lag ., 1974 Av. Pedreres. Gualba. 8. Coll. Lag. 

(4) (m. mierensis C. Bal. , 191 1) Cv. Cuerdavilloso, Rucandio, S. Mus. Madrid S.G. Speonomus s.str. 
fil icornis Uhag., 1881 Cv. Monte Serantes, Portugalete, BL lopezsellesi Esp., 1950 

Mus. Madrid 
Cv. Espoz, on S.a. Labia NW versant 
NA. MZB 

(gracilicornis Jeann ., 1911 ) Cv. S. Roque de Valle, Rasines, S Coll. Biosp. 
(gracilicornis debilis Bal. 191 7) Cv. Mingobalsa, Los Corrales, S Mus Madrid 

filicornis seeboldi (Uhag, 1881 ) Cv. Magdalena, Galdames, 81. Mus 

oxypterus C. Sol. , 1917 
Madrid 
Cv. Juan Gomez Samano, S. Mus Ma
drid 

(29) S.G. SPEOCHARIS (ORESIGENUS) (Jeann. , 1948) NOV. 
COMB. ESP. et ESCOL., 1977 

jaspei Jeann., 1948 Cv. Reguerfn (Covadonga) 0 . Coll. 
Biosp. 

(45) S.G. SPEOCHARIS (SPEOGEUS) Salg ., 1985 
(45) avicularis Salg., 1985 Cv. Pandanes, Soto Agues Coll. Salg. 
(46) amicalis Salg ., 1985 Cv. Subterraneo, Sellario, Coll. Salg. 
(46) a. dilatatus Salg ., 1985 Cv. Venero, Las Cuevas, 0 Coll. Salg. 
G. BREUILIA Jeann ., 1910 sp. typus: Adelops triangulum Shp., 
1872 

triangulum (Shp., 1872) Potes. 0. Brit Mus. et Coll. Biosp. 

n.sp. S. speluncarum group (in lilt.) Sima n.0 2 Reclusa. Hecho. HU. MZB 
crypticola Jeann., 1910 Cv. Fora! Negre. Serradell. L Coll. 

Biosp. 
aurouxi Esp., 1966 Av. Escletxa Minguera. St Miquel Vall. 

L MZB 
(1 7) antemi Escol. , 1973 Cv. Porredons. Baen. L MZB 

colominasi Zar., 1924 Cv. Joan d'0s. Tartareu. L 
described as S. (Speonomites) Coll Zar 

puncticollis Jeann. , 1910 Cv. Fora! Or. Fontllonga. L Coll. 

(18) (puncticollis troglodytes Jeann,, 1910) 

(18) (puncticollis angustior Jeann., 1910) 

Biosp. 

puncticollis latrunculus Jeann., 1910 Cv. Lladre. S.• Montroig. lsona-Conca 
d'Alla, L Coll, Biosp, 

(18) (zariquieyi Jeann , 1924) 

(6) espinosai Bell. , 1983 
scanctigervasi Jeann. , 1911 
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Cv. Berganui. Bergenui. HU. MZB 
Mines Canal. Llastarri. L Coll. Biosp. 



(20) 

(19) 
(21) 

saforensis Escol. Bell. et Com , 1985Av. Salor. Llastarri. L MZB I. schuttei Esp., 1955 Cv. Font Mentidora. t.m. Pallars Jussa. 
L. MZB ribagorzanus Jeann , 1911 Cv. St. Salvador. Bonansa. HU. Coll. 

Biosp. 
akarsticus Escol. , 1980 Mines Cubilars. Cabdella. L. MZB 

I. quadricollis (Jeann., 1911) 

subilsi Esp. , 1966 

Av. Graller Castellet Tremp. L. Coll. 
Biosp. 

porroiensis Escol. et Comas, 1984 Av. Tossal Felis. Porroi Solana. HU 
MZB (9) ludovici Bell. et Delio! 1983 

Av. Obaga Grau. Ffgols i Alinya. L. MZB 
Fora! Casa Nova. Ffgols i Alinya. L. 
Coll. Deliot pallaresanus Jeann., 1911 

andorranus Comas, 1978 

latebricola Jeann., 1911 

l.elongatus Jeann. , 1911 
ellipticus Jeann., 1924 
(only known 1 ~) 
mengeli Jeann., 1910 

Cv. Saverneda. Sort. L. Coll. Biosp. 
Cv. Gorga Margineda. St. Julia Ando- TROGLOCHARINUS Rtt ., 1908 

rra. MZB TROGLOCHARINUS (TROGLOCHARINUS) Rtt ., 1908 

Cv. Espluga Llorna. Espluga Serra. L. ferreri Rtt ., 1908 Av. Roca. Vallirana. B. Mus. Budapest 
Coll. Biosp. I. jeanneli Zar., 1917 Cv. Fou Montaner. Villarana. B. Coll. Zar. 
Cv. Sana!. Llastarri. L. Coll. Biosp. I. codinai Zar., 1917 Cv. Fosca Gava. B. Coll. Zar. Coll. 
Cv. Forat la Bou. Serradell. Biosp., MZB 
L. Coll. Biosp. I. fonti Zar., 1984 Av. Vermell. Segues. B. Coll. Zar., 
Cv. Encantades de Toloriu Cava. L. Coll. Biosp., MZB 
Coll. Biosp. I. zariquieyi Jeann., 1924 Av. Funiosa. Coll. Zar., Coll. Biosp. , MZB 

(mercedesi Zar., 1922) NEW SINON. Cv B6fia St. Jaume. Montmajor. L. Coll. Zar. (2) I. pallaresi Bell. , 1973 Av. Can Montmany. Palma Cervell6. B. 
(16) vinyasi Escol. , 1972 Av. Mort. Peramola. L. MZB Coll. Bell., MZB 

cerberus Jeann., 1911 Cv. Espluga Tosses. Bonansa. HU (35) I. abadi Lag., 1981 Cv. Miserachs. St. Sadurnf Anoia. B. 
Coll. Biosp. Coll. Lag. 

c. arcticollis Jeann. , 1911 Cv. St. Salvador. Bonansa. HU. Coll. hustachei Jeann., 1911 Cv. Fora! Gel. Llimiana. L. Coll. Biosp. 
Biosp. impellitierii Esp., 1955 Cv. Palomera. Castell-Taus. L. MZB 

(20) tincatincensis Esc. Bell. Com. , 1985 Av. Tine-ca-tine. Altron. L. MZB senenti Escol., 1967 Av. Querant Gran Paus. Vilanova Meia. 
bolivari Esc., 1898 Cv. Pena Fanlo Fanlo. HU IEE L. MZB 
b. luciani Jeann., 1911 Cv. Forau Drolica. Sarsa de Surta. HU (49) rovirai Lag., 1975 Cv. Macario. Burgase. HU Coll. Lag. 

Coll. Biosp. (5) variabilis Bell. , 1978 Av. Ancosa. Pontons. b. Coll. Zar., 
(3) b. altimontanus Bell., 1975 

brieti Jeann ., 1911 
Cv. Garses. Torla-Fanlo. HU MZB MZB 
Cv. Forato Moros. Burgase. HU Coll. (5) (espanoli Zar .. 1950 nom. nudum) 

Biosp. v. pinyareti (Zar., 1950) Av. Pinyarets. Montmell. T Coll. Zar et 
MZB (1) espanyoli Aur. et Bell. , 1974 Cv. Molino Aso. Fanlo. HU MZB 

S.G. SPEONOMUS (SPEONOMITES) Jeann ., 1910 sp. typus: S.(S.) 
velox Jeann. 

velox Jeann., 1910 Cv. Fosca. Vilanova Meia. L. Coll. 
Biosp. 

nitens Jeann., 1910 Cv. Tabaco. Camarasa. L. Coll. Biosp. 
S.G. SPEONOMUS (SPEONOMIDIUS) Jeann., 1924 sp. typus: S. 
crotchi (Shp.) 

crotchi Shp., 1872 Cv. Orobe. NA. Brit. Mus. 
c. mazarredoi Uhag ., 1881 Cv. San Valerio. SS. Mus. Madr. 
c. aitzquirrensis C. Bol., 1921 Cv. Aitzkirri. SS. Mus. Madrid. 
c. oberthuri Jeann., 1910 Cv. San Adrian. SS. Coll. R. Oberthur 

v. ollai (Zar., 1950) 

v. portai (Zar., 1950) 

v. arlai (Zar., 1950) 
v. elongatus (Zar., 1950) 
v. mateui (Zar., 1950) 
v. roselli (Lag., 1952) 

v. olerdolai (Lag. , 1952) 

Cv. Olla. Montmell. T. Coll. Zar. et 
MZB 
Cv. Bole!. St. Quintf Mediona B. Coll. 
Zar. et MZB 
Av. Arla. Albinyana. T. Coll. Zar. et MZB 
Cv. Madil. Quero!. T. Coll. Zar. et MZB 
Cv. Garrofet. Quero!. T. Coll. Zar. et MZB 
Av. Foix. Torrelles Foix. B. Coll. Zar. et 
MZB 
Av. Olerdola. Olerdola. B. Coll. Zar. et 
MZB 

(7) G. EURYSPEONOMUS Jeann ., 1919 G. PERRINIELLA Jeann ., 1910 
EURYSPEONOMUS (EURYSPEONOMUS) (Jeann ., 1919) faurai Jeann., 1910 Cv. Rialb. Queralbs. GI Coll. Biosp. 

Cv. Encantades. Queralbs. GI Coll. 
Zar. et MZB 

breuli Jeann., 1919 Cv. Martintxurrito. Allf. NA. Coll. Biosp. bofilli Zar., 1924 
(47) (breuili kilitxketai Esp., 1945) 

mendizabali C. Bol. , 1921 Cv. Mendikute. Tolosa. SS. Coll. 
Biosp. 

(7) S.G. EURYSPEONOMUS (URBASOLUS) Esp., 1948 
eloseguii Esp., 1948 Cv. Ostalaza. S.a Urbasa NA IEE 
ciaurrizi C. Bol. , 1921 Cv. Malkorrandi. Arriba y Atal6. NA. 

c. igaratzai Esp., 1945 
Species incertae sedis 
SPEONOMUS 

fugitivus Rtt. , 1885 

Mus. Madrid. 
Cv. Basolo. S.a. Aralar. NA. IEE 

«Cave in Montserrat» B Coll. L. von 
Heyden 

G. TROGLOCHARINUS Rtt., 1908 sp. typus : T. ferreri Rtt. 
(7)S.G. TROGLOCHARINUS (SPEOPHILUS) (Jeann., 1911) new 
combation 
kiesenwetteri (Dieck, 1869) 
(k. sanllorensi Zar ., 1924) Cv. St. 3 . Agnes. B. Coll. Zar 

(k. castellsaperai Zar , 1924) Av. Castellsapera. B Coll. Zar. 

k. andresi Escol., 1966 Av. Montserrat. Esparreguer B. MZB 
patracoi (Zar., 1922) Cv. Patrac6. Esparraguera. B. Coll. 

(24) 
(48) 

espanoli (Jeann., 1930) 
schibii Esp. , 1972 
abenzai (Lag., 1972) 

(Speophilus) (Trapezodirus) Jeann., 1924) 

fonti (Jeann., 1910) 
I. zariquieyi (Jeann., 1924) 

I. infernus (Jeann., 1911) 

Zar. 
Cv. Tra9a. Cabra Camp. T. Coll. Lag. 
Av. Cal Sant. La Llacuna. B. MZB 
Cv. Cal Joan Sole. Pontons. B. Coll. Lag. 

Cv. Ormini. Coll Narg6. L Coll. Biosp. 
Cv. Guills. Guils Canto. L. Coll. Biosp. 
Coll. Zar. 
Cv. Diablo. Noves. L. Coll. Biosp. 

G. TROGLOPHYES Ab., 1894 
cenarroi Esp., 1955 

riberai Esp., 1967 
G. SPEOCHARIDIUS Jeann., 1919 

Av. Fora! Gralles. Bellver de Cerdanya. 
L. MZB 
Cv. Manent. lsovol. L. MZB 

breuli Jeann , 1919 Cv. Mendikute. SS. Coll. Biosp. 
(28) (filicornis Jeann, 1919) CV. Ernialde. SS. Coll. Biosp. 

bolivari Jeann., 1919 Cv. Arrobieta. SS. Coll. biosp. 
(28) vivesi Esp. et Bell. , 1980 Si. Ekain 'ko Leizea. SS. MZB 
(28) G. KOBIELLA Esp. et Bell., 1980 

(23) galani Esp., 1970 

(25) G. ARANZADIELLA Esp., 1973 

(25) leizaolai Esp., 1973 
G. ANTROCHARIDIUS Jeann., 1910 

orcinus Jeann., 1910 

o. acevedoi Esp., 1953 

(9) G. JOSETTEKIA Belles et Delio!, 1983 

(9) angelinae Bell. et Deliot, 1983 
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Aplicaci6n del modelo de las cadenas de Markov al estudio de la dinamica 
de poblaciones cavernicolas. 

RESUM 

X. Belles/1! y C. A Gracial2! 

(1) Centro de lnvestigaci6n y Desarrollo (C. S. I. C.) 
Jorge Girona Salgado 18-26 
08034 - Barcelona. Espana. 
(2) Departamento de Ecologfa 
Facultad de Biologfa 
Diagonal 645 
08034 - Barcelona. Espana. 

En la present comunicaci6 es comenta l'aplicabilitat de/ model de Jes cadenes de Markov en estudis de dinamica de poblacions 
cavernfcoles. El metode s'exemplifica mitjanr;;ant l'ana/isi de diversos parametres re/acionats amb la distribuci6 espacial d 'una poblaci6 
cavernfco/a de Speonomus delarouzeei (Co/eoptera : Catopidae). 

Els resultats obtinguts demostren que la mobilitat d 'aquests Speonomus pot ser considerada com un proces estocastic i 
estacionari, la qua/ cosa confirma /'aplicabilitat de /es tecniques de marcada i recaptura . 

A mes, es demostren diverses preferencies ecologiques d 'aquests co/eopters cavernfco/es. En aquest sentit, val la pena destacar 
que el temps de retorn va resultar mes curt en el cas d'aquelles estacions que eren mes riques en materia organica i mes estables 
des def punt de vista climatic. 

D'altra banda, es pot estudiar quantitativament la transici6 entre la cova i la xarxa de microfissures adjacent, amb la qua/ cosa 
queda patent /'a/ta mobilitat d 'aquests Speonomus entre ambd6s compartiments. 

RESUMEN 

En la presente comunicacion, se comenta la aplicabilidad def mode/a de las cadenas de Markov en estudios de dine.mica de 
poblaciones cavernfcolas. El metodo se ejemplifica mediante el analisis de diversos para.metros relacionados con la distribuci6n 
espacial de una poblaci6n cavernfcola de Speonomus delarouzeei (Coleoptera: Catopidae). 

Los resu/tados obtenidos muestran que la mobilidad de estos Speonomus puede ser considerada como un proceso estocastico 
y estacionario, lo cual confirma la aplicabilidad de las tecnicas de marcaje y recaptura. 

Ademas, se demuestran diversas preferencias eco/6gicas de estos co/e6pteros cavernfcolas. En este sentido, merece la pena 
mencionar que el tiempo de retorno result6 mas corto en el caso de aquellas estaciones que eran mas ricas en materia organica 
y mas estables desde un punto de vista climatico. 

Por otro /ado, se puede estudiar cuantitativamente la transici6n entre la cueva y la red de microfisuras adyacente, quedando 
patente la a/ta mobilidad de estos Speonomus entre ambos compartimentos. 

SUMMARY 

In the present communication, the suitability of Markov's chains model to the study of cave population dynamics is discussed. 
The method is exemplified by the analysis of some parameters related to the spatial distribution of a cave population of Speonomus 
delarouzeei (Co/eoptera : Catopidae). 

The results obtained show that the mobility of these Speonomus can be considered as a stochastic and stationary process 
thus confirming, in this case, the appropriateness of mark-recapture techniques. 

In addition, several ecological preferences of these cave beetles were demonstrated. In this context, it is worth noting that the 
time of return was shorter in the case of sampling plots that were richer in organic matter and climatologically more stable. 

Moreover, the transition between the cave and the adjacent network of microfissures was quantified and the results show a 
high mobility of these Speonomus from one compartment to the other. 

12263 

Distribution of the iberian bathysciinae (Coleoptera: Catopidae). 
An explanation 

X. Belles 
Centro de lnvestigaci6n y Desarrollo (C.S.I.C.) 

RESUM 

Els Bathysciinae iberics poden classificar-se en tres grups filogenetics: el grup Anillochlamys, repartit en una franja subcostanera 
al NE. d'/beria; el grup Speocharis, que es troba distriburt per /'area Cantabrica; i el grup Speonomus, ampliament repartit pets Pirineus. 

Diverses dades paleogeografiques suggereixen que aquests tres grups estaven ja establerts a Iberia durant i 'Oligoce i, en 
aquesta epoca, poden postular-se dos centres de diversificaci6: /'un localitzat a /'area Cantabrica (on varen evo/ucionar els Speocharis 
i l'altre al NE d'lberia (on varen evolucionar els Anilloch/amys i els Speonomus). 
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Les glaciacions plistoceniques varen exercir una considerable influencia en determinar, en gran manera, l'areogeografia d 'aquests 
grups i els procesos de colonitzaci6 carvenfco/a. Les distribucions actuals coincideixen basicament amb arees que varen ser refugis 
forestals durant el Warm. En aquesta glaciaci6, a mes, els Pirineus estaven coberts pe/ gel, la qua/ cosa fa suposar que varen ser 
reco/onitzats pels Speonomus, a partir de la regressi6 de/ regim glacial. 

RESUMEN 

Los Bathysciinae ibericos pueden clasificarse en tres grupos filogeneticos: el grupo Anillochlamys, repartido en una franja 
subcostera al NE de Iberia; el grupo Speocharis, que se distribuye en el area Cantabrica; y el grupo Speonomus, ampliamente 
repartido en /os Pirineos. 

Oiversos datos paleogeograficos sugieren que estos tres grupos estaban ya establecidos en Iberia en el 0/igoceno y, en esta 
epoca, pueden postularse dos centros de diversificaci6n: uno /oca/izado en el area Cantabrica (donde evo/ucionaron /os Speocharis), 
y el otro en el NE de Iberia (donde evolucionaron /os Anillochlamys y los Speonomus). 

Las glaciaciones pleistocenicas ejercieron una considerable inf/uencia al determinar, en gran manera, la areograffa de estos 
grupos y procesos de co/onizaci6n cavernfco/a. Las distribuciones actua/es de /os Speocharis y de los Anillochlamys coinciden 
basicamente con areas que fueron refugios forestales en el Warm. En esta glaciaci6n, ademas, los Pirineos estaban cubiertos por 
el hie/o, lo cua/ hace suponer que fueron recolonizados por los Speonomus a partir de la regresi6n de/ regimen glaciar. 

SUMMARY 

The Iberian Bathysciinae may be classified into three phylogenetic groups: the Anillochlamys group, spread over a NE strip of 
Iberia, the Speocharis group, distributed on the Cantabrian area, and the Speonomus group, widespread in the Pyrenees. 

Several pa/eogeographica/ clues suggest that these groups were established in Iberia already in the Oligocene. Furthermore, 
two centres of diversification can be postulated in this epoch: one located in the Cantabrian area (where the Speocharis group 
evolved) and the other in the NE region of Iberia (where the Anillochlamys and the Speonomus groups evolved). 

Pleistocene glaciations exercised a considerable influence determining, to a large extent, the areography of these groups and 
processes of cave colonization. The present distributions of the Speocharis and the Anillochlamys coincides basically with areas 
which were forestal refuges in Warmian times. In addition, since the Pyrenees were ice-covered at that time, it may be assumed 
that these mountains were recolonized by the Speonomus following the glacial regression. 

The Bathysciinae (Coleoptera: Catopidae) from the Iberian 
Peninsula have been fully treated by different entomologists, 
especially by R. JEANNEL and F. ESPANOL, and may be 
considered as sufficiently well studied, at least with regard to 
the systematic and areographical aspects (cf. BELLES et al., 
1978; ESCOLA, 1986; BELLES, in press). 

This background and recent advances made in the knowledge 
of the paleogeographical evolution of the Mediterranean area (see 
the recent review by MALDONADO, 1985), have prompted me 
to outline a reconstruction hypothesis of the succesive steps 
which have shaped the present areas of distribution of these 
cave beetles in Iberia. 

Composition and present distribution of the iberian 
bathysciinae 

According to JEANNEL (1924), the Iberian Bathysccinae are 
classified into three phylogenetic groups, i. e. Speocharis, 
Anilloch/amys and Speonomus (Tabla 1 ). The Speonomus group 
was further subdivided into two sections: Bathyscio/a and 
Speonomus (BELLES et al., 1978) although the distinction was 
based on ecological criteria rather than on basic morphological 
features. 

The present distribution of these three groups in the Iberian 
Peninsula is very peculiar and it was previously described by 
ESPANOL (1958) and BELLES (in press). The members of the 
Speocharis group occupy the Cantabrian area in addition to an 
isolated locality in the Guadarrama massif in the centre of Iberia 
(Fig . 1 ). The Ani/lochlamys are distributed over a northeastern 
Mediterranean strip with two apparent discontinuities (Fig. 1 ). The 
Speonomus are widespread in the Pyrenean area, reaching the 
Ebro valley ; at the western end their distribution is sympatric with 
that of Speocharis, and at the east sector they cover the 
discontinuity between two faunistic nuclei belonging to the 
Anillochlamys group (Fig. 1). 

Origins and main iberian centres of diversification 

The phylogenetic connections of these three groups with other 
Bathysciinae remain poorly understood. The three available 

studies dealing with the global systematics of the subfamily 
(JEANNEL, 1924; LANEYRIE, 1967; GUEORGUIEV, 1976) disagree 
in most points and a more accurate general classification is 
needed. Nevertheless, it seems that Speocharis shows close 
affinities whith some west European genera, especially from the 
Balcanic area (Hoffmanella and its allies), Anillochlamys is closely 
related to the genus Ovobathysciola, from Sardinia, while 
Speonomus is quite restricted to the Pyrenean area, although, 
interestingly, they are also represented in Sardinia by a few 
species belonging to the subgenus Batinoscelis, subordinated to 
Speonomus. 

Several paleogeographical clues suggest that these basic 
groups may have been established in the northern part of Iberia 
at least during the Oligocene. According to BIJU-DUVAL et al. 
(1977), the paleogeographical maps of the Mediterranean area, 
between the Cretaceous and the Oligocene, look like complicated 
puzzles because the evolution of the Tethys sea succesively led 
to changes in the distribution of the emerged lands. Nevertheless, 

Fig. 1 Geographical distribution of the three groups of Iberian Bathysciinae: 
Speocharis (dotted areas), Anillochlamys (cross hatching) and Speonomus (vertical 
lines). 
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Table 1. Genera of Iberian Bathysciinae. All of them are 
cavernicolous with the exception of those marked by an asterisc 
which are typical from superficial cryptic habitats (humus and 
mosses). SPEOCHARIS GROUP Breuilia JEANNEL 

Breuilites SALGADO 
Espanoliella GUEORGUIEV 
Notidocharis JEANNEL * 
Speocharinus ESPANOL & 
ESCOLA 

ANILLOCHLAMYS GROUP Anil/och/amys JEANNEL 
Pseudoch/amys COMAS 
Spe/aeochlamys DIECK 
Typhlochlamys ESPANOL 

SPEONOMUS GROUP Antrocharidius JEANNEL 
Aranzadiel/a ESPANOL 
Bathysciola JEANNEL* 
Euryspeonomus JEANNEL 
Josettekia BELLES & DELIOT 
Kobie/la ESPANOL & BELLES 
Perriniel/a JEANNEL 
Speocharidius JEANNEL 
Speonomus JEANNEL 
Troglocharinus REITTER 
Trog/ophyes ABEILLE 

it seems quite clear that at least during the Oligocene there was 
a continuity of dry lands going from Iberia to Central Europe and 
to the Balcanic area, which may have allowed important faunistic 
exchanges between both the eastern and western ends of the 
Mediterranean area. 

It is also worth noting that in this epoch Corsiva and Sardinia 
broke away from the Protoligurian massif (ALVAREZ, 1976) which 
also included other drfting microplaques and some areas of 
Catalonia and Provence. 

According to this paleogeographical !nd phylogenetical 
information, two important centres of Bathysciinae diversification 
in the Oligocene can be hypothesized for northern Iberia, one 
located in the Cantabrian area (where the Speocharis group 
evolved) and the other in the Catalonian area, as a part of the 
Protoligurian massif (where the Speonomus and the Anilloclamys 
groups evolved). From the Oligocene to the Pliocene, the three 
groups may have carried out active processes of dispersion and 
progressive colonization of more stable cryptic habitats, mainly 
as a consequence of the climatic changes, from humid and 
subtropical to dry and cold , which affected the whole 
Mediteranean area after the passage between the Mediterranean 
sea and the Indian ocean was blocked. 

Pleistocene glaciations. Main processes of cave 
colonization and configuration of basic areas of 
distribution 

In fact , the effect of the glaciations in the Iberian Peninsula 
was quite restricted. During the last one (Wurm), the regions 
covered by ice were limited basically to the Pyrenean area. 
Nevertheless, a large landscape of tundra spread from these 
mountains towards the southwest (cf. HUETZ, 1970) (Fig . 2) . It 
seems reasonable to suppose that the cryptic fauna, more or 
less linked to the soil , may have been considerably reduced, if 
not eliminated, in these tumdra areas, where the frozen soils were 
from some centimeters to more than one meter deep. 

The vegetation map of Iberia during Wurmian times (Fig. 2) 
shows that the present distribution of the Speocharis and the 
Anil/ochlamys groups coincides with areas which were forestal 
refuges during the Wurmian glaciation, whereas the Pyrenees 
-now occupied by the Speonomus group-were covered by ice. 
This scenario already suggests the succesive steps which may 
have determined the principal processes of cave colonization and 
the basic areas of distribution. · 

The dispersion processes from the two basic centres of 
diversification, Cantabrian and Catalonian, mentioned above, may 
have been drastically modified during the Pleistocene glaciations. 

, . . .. . . 
. . , 

~g;tt 

2 

Fig. 2 The vegetation in Europe during the last glaciation (Wurm). Dotted: lands 
which were covered by ice; hatched: fores/al refuge areas (From HUETZ, 1970. 
Slightly simplified). 

Accordingly, the glacial regime could have decimated the 
Pyrenean fauna and those which had reached the tundra areas, 
reducing the Catalonian and Cantabrian faunas nearly to their 
original limits . The presence of a member of the Speocharis group 
(Speocharis cisneros1) in the Guadarrama massif (Fig . 1) may be 
an evidence of the southwards progression of the Cantabrian 
fauna, which could have remained isolated in situ in a refuge 
area. Likewise, the very peculiar and modified elements belonging 
to the Speonomus group and found at the western border of the 
Pyrenees (genera Aranzadiella, Euryspeonomus, Josettekia, 
Kobie/la and Speocharidius, and subgenus Speonomidius 
subordinated to Speonomus may be interpreted as a outpost of 
the pre-glacial dispersion towards the west of these elements of 
Catalonian origin, which could have remained isolated after the 
arrival of the glaciations. 

Several especies may have colonized the cavernicolous milieu 
in pre-glacial epochs, but the concentration of cryptic faunas in 
forest refuge areas could have been an important driving factor 
favouring the colonization of this milieu, in accordance with the 
hypothesis of competitive pressure in refuge areas described 
elsewhere (BELLES, in press). 

After the regression of the glacial regime, the Pyrenees may 
have been colonized by the Speonomus group, in most cases 
via superficial cryptic habitats (humus, mosses ... ), but in others 
perhaps via the superficial underground compartment 
(JUBERTHIE et al., 1980; JUBERTHIE and DELAY, 1981). 
Nevertheless, progressive specialisation of these beetles may 
have seriously limited larger migration processes towards the 
central areas of Iberia, thus explaining the absence of Bathysciinae 
in the Central and Iberian Systems, with the exception of the 
above mentioned case of Speocharis cisnerosi which resulted 
from a pre-glacial dispersion . 
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La Fauna de las Cuevas Volcanicas en Tenerife {Islas Canarias) 

• J.J. Hernandez, •• J.L. Martiny .. A.L. Medina 
• Museo Insular de Ciencias Natura/es de Santa Cruz de Tenerife 
.. Depto. de Zoo/ogia. Universidad La Laguna (Tenerife, Islas Canarias). 

RESUM 

Com a resultat de Jes investigacions sabre la fauna subterrania realitzades a Tenerife durant els darrers anys, es coneixen 
actua/ment mes de 20 especies troglobies que es troben repartides entre Jes nombroses coves volcaniques Joca/itzades, practicament, 
.en tota J'extensi6 de J'iJJa: 

La fauna que inclou un major nombre de trog/obis es la de la part nord de /'ilia i molt especialment als voltants d'/cod de los 
Vinos, on hi ha els tubs de Java mes grans i mes abundants de /'ii/a, coma es el cas de la Cueva de/ Viento. D'altra banda la fauna 
mes pobra en troglobis es la de Jes zones on l'estructura geo/ogica de/ subso/ comporta una absencia d'esquerdes, impossibilitant 
d'aquesta manera J'entrada d'animals a Jes coves. Un exemple d'aixo el trobem a/s golerons de lava piroclastica de la part sud de 
/'ii/a i als massissos mes antics i erosionats de Teno i Anaga, situats respectivament, al N.O. i N.E. 

RESUMEN 

Como resultado de las investigaciones sabre fauna subterranea que hemos efectuado en Tenerife durante los ultimas afios, 
conocemos actualmente mas de 20 especies trog/obias que se encuentran repartidas en las cuevas volcanicas que existen en 
practicamente toda la extension de la is/a. 

La fauna que incluye una mayor numero de troglobios, es la de la parte Norte de la Isla, especialmente en los alrededores de 
/cod de /os Vinos, donde hay /os mayores y mas abundantes tubas de Java, coma es el caso de la Cueva de/ Viento. Por otro /ado 
la fauna mas pobre en troglobios es la de las zonas en las que la estructura geo/6gica de/ subsue/o hace que fatten las grietas y 
por ello evita que los animates pasen a traves; son estos por ejemplo las coladas de lava piroclastica de la parte Sur de la Isla y 
/os macizos mas antiguos y erosionados de Teno y Anaga, respecticamente al N.O. y N.E. 

SUMMARY 

As a result of the researches on the subterranean fauna made by us during the last years in Tenerife, we actually know more 
than twenty troglobitic species which are distributed along the volcanic caves existing in almost all the stretch of the island. 

The fauna including more trog/obites is that of the north part of the island, mainly in the surroundings of /cod de los Vinos, 
where underlay the longest and more abundant lava tubes, as is the Cueva de/ Viento. On the other hand, the poorest fauna in 
troglobites is that of the zones which the underground geological structure are lacking cracks, thus preventing the animals to pass 
through; these are for instance the piroc/astic lava flows on the south part of the island, and the older, eroded massifs of Teno and 
Anaga, respectively at the N. Wand N.E. 

lntroducci6n 

La isla de Tenerife es, desde el punto de vista espeleol6gico, 
una de las islas mas ricas del Archipielago Canario. A lo largo y 
ancho de sus 2.058 km2 esta salpicada de gran cantidad de 
cuevas de naturaleza volcanica. Este hecho posibilita que median
te estudios biospeleol6gicos se pueda investigar, de una forma 
mas o menos generalizada, la fauna tan peculiar que puebla su 
medio subterraneo. 

Por todo ello, el comienzo de las investigaciones bioespeleol6-
gicas en Tenerife, hace ahora 5 anos aproximadamente, supuso 
desde el principio un enriquecimiento notable del conocimiento 
que se posefa sobre la fauna subterranea de la isla. Este estaba 
limitado a especies predominantemente end6geas , habitantes 
profundos del suelo como los cole6pteros Bacillopsis franzi, Lim
nastis gaudini o Pseudoplatyderus amblyops entre otros, as[ como 
algunas especies de copepodos de las aguas freaticas . Hoy en 

dfa conocemos al menos 24 especies troglobias, muchas de ellas 
con unas extraordinarias adaptaciones a la vida subterranea y 
pertenecientes a 8 grupos distintos de artr6podos (Tabla I) . 

Comentario de las Especies 

1. Araneidos. Es uno de los grupos, junto con los cole6pte
ros , mas rico en formas estrictamente subterraneas. Actualmente 
sabemos de la existencia de 7 especies troglobias, de las que 
6 pertenecen al genero Oysdera. Este genera presenta una ex
traordinaria diversidad en las islas . S61o de Tenerife se conocen 
14 especies, de las que 10 son endemismos de la isla (RIBERA 
et al. , en prensa). La existencia de estos troglobios y su presencia 
en la cuevas hace pensar que problablemente tuvieron estadios 
iniciales de vida en las grietas del subsuelo superficial (RIBERA 
et al. , op. cit .). Aquf las especies evolucionarfan de manera que 
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TABLA-1 

ORDEN 

Pseudoscorpionida 
Araneae 

lsopoda 
Chilopoda 
Collembola 

Blattaria 

Homoptera 
Coleoptera 

Shizomida 
Blattaria 
Coleoptera 

ESPECIE 

Tyrannochthonius superstes 
Dysdera ambulotenta 
Dysdera esquiveli 
Dysdera unguimmanis 
Dysdera n. sp. 
Dysdera n. sp. 
Dysdera n. sp. 
Lepthyphantes oromii 
Venezillo tenerifensis 
Lithobius speleovulcanus 
Pseudosinella n. sp. 
Troglopedetes n. sp. 
Loboptera cavernicola 
Loboptera subterranea 
Cixiidae indet. 
Eutrichopus martini 
Wolltinerfia tenerifae 
Spelaeovulcania canariensis 
Canarobius chusyae 
Canaribios oromii 
Aleocharinae indet. 
Apteranopsis canariensis 
Domene alticola 
Domene vulcanica 

Schizomus portoricensis 
Loboptera anagae 
Limnastis gaudini 
Curculionidae Anchonini indet. 

les fuera posible la colonizacion de grietas mas profundas y por 
tanto energeticamente mas estrictas. Posiblemente el verdadero 
habitat de estas especies sea la amplia red de grietas subterra
neas, pues la edad de los tubas volcanicos es obviamente inferior 
al tiempo que necesitan las especies para adquirir las extraordina
rioas caracterfsticas troglobias de muchas de ellas (HOWARTH, 
1981; OROMI et al. , ·1984). Ademas, la distribucion mas o menos 
amplia de algunas de estas especies coma Dysdera esquiveli 
por ejemplo, que ha aparecido en cuevas muy distantes entre 
sf, evidencian que pueden vivir y dispersarse libremente por las 
grietas del subsuelo. Esto no es por otro lado una peculiaridad 
de los araneidos, sino que se puede aplicar a todas las especies 
trogl9bias . 

2. Blatoideos. Recientemente se han descubierto tres nue
vas especies de blatelidos en la isla, pertenecientes al genera 
Loboptera: L. anagae, L. cavermcola y L. subterranea (MARTIN 
Y OROMI, en prensa) . Estas tres especies habitan el media subte
rraneo de la isla, siendo las dos ultimas troglobias . El pattern de 
distribucion esta claramente delimitado para cada especie debido 
a la existencia de barreras subterraneas que impiden la dispersion 
en algunos puntos de la isla. L. anagae esta presente en horizon
tes poco profundos del suelo, en una de las zonas mas antiguas 
de la isla: el Macizo de Anaga, relegada a las cotas mas altas 
donde a(m se conserva el bosque humedo de laurisilva. L. cavernt
cola se ha encontrado en una sola cueva, practicamente la unica 
que existe en esta misma zona de Anaga, la denominada Sima 
Robada, a una cota inferior que la especie anterior. Por ultimo, 
L. subterranea es sin duda el troglobio mas abundante de todos 
los conocidos. Habita el media subterraneo de practicamente 
toda la isla, con la excepcion de la zona de Anaga. Se encuentra 
tanto en los tubas volcanicos coma en el media subterraneo 
superficial (MSS) de la laurisilva de Teno, zona tambien de gran 
antiguedad (+ 6 m.a. segun CARRACEDO, 1979). 

En la descripcion de las especies, MARTIN y OROMI (op. cit.) 
proponen un modelo de evolucion para las Ires formas troglobias 
a partir de un ancestro comun, considerando la relacion entre la 
capacidad de dispersion de las mismas y sus posibilidades en 
funcion de la efectividad del MSS y del media subterraneo profun
do (MSP) en la isla: 

ALTITUD 

600-800 
800-1.000 
600-2.200 
600-1.000 

2.100-2.200 
600.1.000 
900-950 

0-1 .100 
2.100-2.200 

600-2.200 
600-1.000 
600-1.000 

300 
0-2.200 
0-2.200 

600-2.200 
800-1.000 
600-1 .000 
900-1.100 

1.000-2.200 
800-1 .000 

1.100-2.200 
800-2.200 
600-800 

100-300 
800-1 .000 
600-1.000 
600-900 

ADAPTACION 

Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 

Ambimorfo 
Troglomorfo 

Ambimorfo 
Ambimorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 
Troglomorfo 

Ambimorfo 
Ambimorfo 
Ambimorfo 
Ambimorfo 

REF. 

18 
17 
18 

17 
3 

19 

13 
13 

8 
8-9 
10 
10 
10 

15 
14 
14 

11-12 
13 
7 

Poblacl6n ____ M_SS__._y_M_S_P ______ L. subterTanea 
/Occidental 

Ancestro 

\ 

zonas a I tas 
.,,.ry h(imedas 

Poblacl6n,,,,-
Orlental 

MSS (no hay MSP) L. anagae 

~ cavldades 
~~t,';,~"a's de ....l!lM..,,S.._P ....,{n.,.o_,.h...,avuM .. s,..s...._l --• L,. aovemlc:ola 
bajas 

3. Cole6pteros. El orden Coleoptera esta tambien bien repre
sentado en el media subterraneo de la isla. Se han encontrado 
hasta el momenta 4 especies de estafilfnidos y 5 de carabidos, 
con 3 generos exclusivamente subterraneos; Canarobius, Spe
laeovulcania y Wolltinerfia (MACHADO, 1984, 1985 en prensa). 

El hallazgo de estafilfnidos traglobios en la isla supone un 
data de gran interes zoogeografico y plantea interesantes interro
gantes evolutivos. El primer estafilfnido descrito fue Apteranopsis 
canariensis, relativamente frecuente en algunas cuevas del Par
que Nacional del Teide. Esta especie nose ha encontrado nunca 
en cotas inferiores a los 1.000 m., y su descubrimiento amplfa el 
mapa de distribucion del genera Apteranopsis, en principio exclu
sivo de la Berberfa Oriental (Argelia y Tunez) (OROMI y MARTIN, 
1984). Una interesante novedad es la reciente descripcion de 
dos formas troglobias de estafilfnidos del genera Domene; D. 
vulcanica y D. altico/a (OROMI y HERNANDEZ, en prensa) . De 
este genera solo se conocfan 3 especies troglobias en cuevas 
de la vecina region del Atlas (Marruecos) . Las especies canarias 
difieren en algunas caracterfsticas de las especies marroqufes, 
constituyendo un subgenera distinto y propio de las islas (Canario
mene). 

Entre los carabidos troglobios encontrados en la isla, los prime
ros descritos fueron 2 Pterostfquidos hallados en el complejo 
volcanico de lcod de Los Vinos , al N de Tenerife : Eutrichopus 
martiniy Wolltinerfia tenerifae (MACHADO, 1984, 1985). El primero 
es una especie relativamente abundante de cuyo genera ya se 
conocfan 2 especies epfgeas; E. gonzalezi y E. fernandezi. E. 
gonzalezi parece ser la mas relacionada con la especie troglobia, 
en cuanto se refiere a la morfologfa del edeago y configuracion 
del extrema posterior de los esternitos; presenta ademas un area 
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de distribucion que coincide en gran parte con la especie troglo
bia, aunque logicamente en el medio epigeo. Wolltinerfia tenerifae 
es una especie mucho mas rara que la anterior, habiendo apareci
do no solo en cuevas, sino tambien en algunas estaciones experi
mentales de MSS al NW de la isla. 

En cuanto al genero Canarobius posee dos especies anoftal
mas; Cchusyae y C. oromii que curiosamente coexisten en una 
misma cueva. Ambas especies poseen un caracter primitivo im
portante, como es la pubescencia muy extendida en los esterni
tos . Ademas, C. chusyae presenta una adaptacion a la vida 
subterranea ligeramente superior a la de C. oromii (MACHADO, 
en prensa). El genero Spelaeovulcania cuenta con una sola espe
cie , S. canariensis, que es anoftalma y se ha encontrado en 2 
cuevas muy distantes en la vertiente N de Tenerife, aunque siem
pre en escaso numero de ejemplares. 

En las cuevas de Tenerife suelen aparecer, con relativa fre
cuencia, otras especies de coleopteros interesantes. Asi, en la 

-zona de lcod , hemos encontrado recientemente una especie de 
curculionido, perteneciente a un genero nuevo de la tribu Anchoni
ni (ALONSO ZARAZAGA, comm. pers.). Segun AGUIAR (comm. 
pers.) esta especie es relativamente frecuente en el medio endo
geo del norte de la isla. 

4. Pseudoescorpiones. Entre los Pseudoescorpiones una in
teresante especie troglobia, relativamente abundante en cuevas 
de lcod, es Tyrannochthonius superstes (MAHNERT, in litt.), con 
unas adaptaciones morfologicas muy acusadas. 

5. ls6podos. Debido al ambiente tan saturado de humedad 
que existe en las zonas mas profundas de las cuevas de Tenerife , 
es frecuente encontrar lsopodos, normalmente habitantes del sue
lo, que pueblan tambien ese medio cavernicola. Tambien ha apa
recido una especie totalmente anoftalma y despigmentada, que 
podemos considerar troglobia. Hablamos de Venezillo tenerifensis 
que, segun DALENS, {1984), ha sufrido una larga evolucion en 
la isla, lo que evidencia un poblamiento antiguo de este genero 
neotropical en Canarias. 

6. Otros grupos. Ademas de estas especies ya comentadas, 
existen otras que aun no han sido estudiadas, y probablemente 
hayan mas por descubrir. En este sentido es de destacar la 
presencia de dos nuevas especies de colembolos pertenecientes 
a los generos Pseudosinel/a y Troglopedetes (CHRISTIANSEN, in 
litt. ). Otros de los ejemplos lo constituyen los cixidos (Homoptera), 
muy frecuentes en algunas cuevas donde abundan raices , que 
indudablemente constituyen uno de los principales aportes ener
geticos externos al ecosistema de estas cuevas lavicas (HERNAN
DEZ et al. , 1985). 

Aparte de estas especies propias de las islas existen algunas 
introducidas que tambien habitan este medio subterraneo. En 
este sentido se ha citado la presencia del esquizomido Schizomus 
portoricensis (MARTIN y OROMI , 1984) hallado en la Sima Robada 
y en la Cueva Honda del Malpais de GOimar (S. de la isla). Esta 
especie troglofila es el unico representate conocido de este orden 
en Canarias. Se trata de un partenogenetico geografico que tiene 
su centro de dispersion en Centroamerica (MARTIN y OROMI, 
1984., MARTIN et al. , 1985). Otro ejemplo de especie introducida 
a destacar es el blatido Periplaneta americana, frecuente en algu
nas cuevas de las zonas bajas en la isla. 

Discusi6n 

Con todo lo expuesto, vemos que la fauna subterranea de la 
isla es relat ivamente rica, con especies interesantisimas tanto 
desde un punto de vista zoologico como biogeografico. La mayo
ria de los troglobios conocidos pueden ser clasificados como 
troglomorfos (CHRISTIANSEN, 1962), por presentar una acusada 
adaptacion morfologica. Si consideramos su distribucion insular, 
debemos destacar que casi la totalidad de las especies comenta
das (89,2 %) se encuentran en las zonas norte y centro de la 
isla, areas donde predomina un vulcanismo reciente , normalmente 
inferior a los 700.000 arios (OROMI et al., 1985). Este hecho se 
traduce en que las especies tienen la posibilidad (y de hecho 
muchas la utilizan) de distribuirse subterraneamente a traves de 
la compleja red de grietas e intersticios que caracterizan este 

MSP. Por otro lado, existen en la zona de una mayor antigOedad, 
superior siempre a los 3 m.a., donde las especies troglobias 
encuentran limitada su dispersion subterranea a nivel del MSP. 
Este impedimento puramente geologico puede a veces coincidir 
con imposibilidades de dispersion a nivel del MSS, causadas por 
ejemplo, por la regresion de los bosques humedos de laurisilva 
lo cual hace inhabitable el MSS. Una combinacion de ambas 
causas puede llevar al acantonamiento geografico de ciertas po
blaciones subterraneas, tal como ocurrio en principio con los 
ancestros de L. cavermcola (MARTIN y OROMI , en prensa) , co
mentado anteriormente. 

Una generalizacion aceptable para el medio cavernicola en 
Tenerife es que la mayor o menor riqueza de la cubierta vegetal 
epfgea, no parece tener una gran importancia para la existencia 
de formas troglobias en el subsuelo. Estas necesitan indudable
mente una entrada energetica minima que a traves de las grietas 
del suelo procede de los ecosistemas de superficie. De una u 
otra manera este suministro energetico existe, aunque la vegeta
cion sea pobre (HOWARTH, 1979). Cada vez que una nueva 
colada volcanica se expande por una superficie y, a partir de 
este aporte energetico minimo, se crea un nuevo habitat subterra
neo que es utilizado por las especies habitantes del MSP de los 
terrenos circundantes. Estas especies comienzan a llegar y ocu
par asi el nuevo habitat. A partir de ~ste punto, un mayor desarro
llo de la cubierta vegetal epigea tendra tal vez, sobre el ecosiste
ma cavernicola la unica influencia de aumentar ligeramente su 
diversidad. En general los valores de la diversidad de las comuni
dades cavernicolas estudiadas en la isla, son siempre muy bajos 
lo cual parece ser una constante para este tipo de medios. 

Por ultimo, si consideramos el probable origen de estas espe
cies troglobias podrian diferenciarse tres tipos : 

a) Las que tienen sus ancestros en especies actuales (o 
proximas) de superficie autoctonas de la fauna canaria. Son las 
mas abundantes (Dysdera spp., Eutrichopus martini, Lithobius 
speleovu/canus, Venezillo tenerifensis, etc.,). 

b) Las relicticas , de ancestros desconocidos en nuestra fauna 
(Canarobius spp., Spelaeovu/cania canariensis, Apteranopsis ca
nariensis, Tyrannochthonius superstes) y cuyos parientes mas 
pr6ximos provienen de zonas diversas como Europa Mediterranea 
norte de Africa, etc ... 

c) Las de posici6n incierta. Aquf incluimos aquel/as especies 
a las que, por /os conocimientos actua/es no podemos asignarles 
un estatus fijo . Es el caso de Loboptera spp y Domene spp., 
cuyas re/aciones con las formas end6geas conocidas se estan in
vestigando. 

lndudablemente estas cuevas volcanicas depararan aun mu
chas sorpresas, que serviran para ir contestando algunas cuestio
nes de gran interes que hoy nos planteamos. Por ejemplo, tDe 
d6nde procedieron /os ancestros de estas formas hoy tan evolu
cionadas?, tOue factores influyeron en la evoluci6n subterranea 
de estas poblaciones?, t Existen relaciones de parentesco entre 
estos endemismos y las formas epfgeas vivientes en la actua/i
dad? Tai vez un mejor conocimiento de/ MSS vo/canico podra 
aportar formas de transici6n que ac/aren algunos de estos atracti
vos enigmas. 
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The genus loboptera brum. & W (blattaria~ blattellidae) in the canary islands 
and its distribution in the underground compartment 

J.L. Martin, I. Izquierdo & P. Oromf 

RESUM 

Viuen especies de/ genere Loboptera a tres de Jes ii/es Canaries: Tenerife, La Palma i El Hierro. De /es vuit especies que es 
coneixen actualment dues son epfgees (L. decipiens i L. canariensis) ; /es sis especies restants (anagae, cavernicola, subterranea, 
fortunata, ombriosa i meridionalis) son endemismes monoinsu/ars i presenten una adaptaci6 mes o menys acusada a la vida 
subterrania, essent a/gunes d 'elles troglobis vertaders. 

En aquest treba/1 s'efectua una analisi de /'habitat i distribucio de cada especie aixf com de Jes possibles raons que han conduit 
a /'ai/lament i posterior diferenciaci6 de formes estretament relacionades . 

RESUMEN 

Viven especies de/ genero Loboptera en tres de las Islas Canarias: Tenerife, La Palma y El Hierro. Entre las ocho especies que 
se conocen en la actualidad, dos son epigeas (L. decipiens y L. canariensis) ; /as seis especies restantes (anagae, cavernicola, 
subterranea, fortunata , ombriosa y meridionalis) son endemismos monoinsulares y presentan una adaptacion mas o menos acusada 
a la vida subterranea, siendo algunas de el/as troglobios verda,.deros. Se efectua un analisis de/ habitat y distribuci6n de cada 
especie y las posibles razones que han conducido al ais/amiento y porterior diferenciaci6n de las formas estrechamente relacionadas 
son tambien discutidas aquf. 

SUMMARY 

There are species of the genus Loboptera in three of the Canary Islands: Tenerife, La Palma and Hierro. Amog the eight species 
already known up today, two are epigeous (L. decipiens and L. canariensis) ; the six remaining species (anagae, cavernicola, 
subterranea, fortunata, ombriosa and meridionalis) are monoinsular endemics and present a more or less strong adaptation to the 
subterranean life, some of them being true troglobites. An analysis of the habitat and distribution of each species is made, and the 
possible reasons leading to the isolation and further differentiation of the close related forms are discussed . . 
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Introduction 

The genus Loboptera includes thirteen species throunghout 
the world, presenting a Palearctic-Mediterranean distribution as 
indicated in Fig . 1. All of these species are well localized except 
L. decipiens, which spreads over Southern Europe, the Canary 
Islands, Madeira and Northern Africa. 

0 

• l . decip1e"\1' 

Ol.mmo, 

Ol maroccan• 

Fig. 1. Distribution of the genus Loboptera in the world. 

Morroco seems to be the dispersal center of the genus 
Loboptera with its seven different species, though the Canary 
Islands are also well represented . Up to seven species have been 
discovered so far in the Canariesy; the following may be found 
in Tenerife: L. canariensis Chop. , L. decipiens (Germ.), L. 
subterranea Martin & Oromf, L. anagae Martin & Oromf and L. 
cavernicola Martin & Oromf (MARTIN & OROMI, en press). L. 
fortunata Krauss is found in La Palma (KRAUSS, 1892) and L. 
ombriosa Martin & Izquierdo in El Hierro. This one has been 
divided into two subspecies, L. ombriosa ombriosa and L. 
ombriosa meridionalis MARTIN & IZOUIERDO, in press). 

PRINCIS (1963) found L. fortunata both in the Azores and 
Madeira islands . However, this information is doubtful as any of 
the twenty one specimens that he analysed were not adult enough 
to be properly determined. At present, L. fortunata is located in 
the hypogeous habitat of La Palma island exclusively, so it is 
unlikey to be the same species found both in Madeira and Azores. 

The seven species known in the Canary Island may be divided 
into two grupos. The first group includes L. decipiens and L. 
canariensis, two lucicolous species of small size and strong 
pigmentation, which are always distributed over non-forest areas. 
The second group is formed by the remaining species which are 
characterized by a bigger size, reddish colouring and by their 
subterranean habitat. Thus, subterranea, cavernico/a and 
ombriosa meridionalis are troglobites of underground life 
exclusively, and anagae, fortunata and ombriosa s.str. live in the 
underground superficial compartment, ocasionally found under 
rocks on surface. 

The other North African and European species of this genus 
all belong to the first group. In fact, after analizing all types of 
species, except angulata Chop. and hispanica Harz, we have 
noticed they can be fitted into the first group mentioned above. 
According to the original description of the two exceptions 

(CHOPARD, 1943; HAAZ, 1975), they can also be adjusted to 
the morphology of the first group. 

It seems then that the species included in' the hypogeous 
group are limited to the Canaries, though Princis' specimens (op. 
cit.), such as L. fortunata of Azores and Madeira, may correspond 
with another species from the some hypogeous group. Then, 
what needs to be known is whether this group is the result of 
an evolution process in the archipelago or whether we are dealing 
with relictual species that are trapped in any of the Macaronesian 
Islands. 

The colonization of the hypogeous environment ought to have 
taken place in the laurel forest as we gather from the fact that 
the less modified species are found among the laurel forest, 
whereas the more adapted ones occupy a hypogeous 
environment not necessarily dependent of this rain forest. 
Therefore, these Loboptera may show a relictual feature, since 
such vegetal system represents a relictic flora (CIFERRI, 1962; 
KUNKEL, 1973). There is evidence that the laurel forest had a 
greater extension during the Tertiary than today, covering also 
Northern Africa (DANSEREAU, 1968). 

New species of Loboptera may be discovered in the near 
future in the Canary Islands as well as in Northern Africa, and 
will hopefully contribute to clarify this matter. The hypogeous 
fauna of some islands such as La Gomera or Gran Canaria or 
that of Northern Africa is not known enough as to reject the 
existence of new species related to the present ones. 

Apart from whatever the correct alternative is, the original 
species lived in the forest initially, and then, they expanded their 
habitat in orden to colonize other environments which were 
relatively empty such as the underground superficial compartment 
and the underground deep compartment. 

Concerning the lucicolous decipiens and canariensis, the first 
of them is a synantropous species which has spread over along 
with man (PRINCIS, 1963), and it probably arrived at the islands 
in a historical period. L. canariensis is an endemic species, thus, 
its ancestors ought to have reached the islands before L. 
decipiens. According to CHOPARD (1954), L. canariensis is very 
similar to North African L. truncata. 

Physical underground compartment dynamics 

Before introducing the particular distribution of the hypogeous 
species of the islands subsoil, we will analyse the formation and 
destruction of the lava tubes which affects the entire net of 
fractures and subterranean interstices. It will help us to 
comprehend whatever reasons may have contributed to cause 
the differentiation among species. 

Occasionally (OROMI et al., 1984), we have pointed out how 
the mechanical and chemical erosion of the subsoil has filled up 
all the fractures throung the years. This process takes place also 
in limestone areas (HOWARTH, 1983; JUBERTHIE, 1983), but it 
is generally more intense in volcanic region. Hence, the lava tubes 
have a much shorter life than the calcareous caves. 

The oldest areas of the Canaries (older than one million years), 
do not present lava tubes and the net of fractures from the deep 
subsoil is filled in completely. The only exception to this are the 
volcanic pits which due to their vertical formation are more 
resistent to erosion and can be found in some of the oldest and 
more eroded massifs. The underground superficial compartment 
shapes up as a disintegration band of the parent rock just when 
erosion becomes more apparent (JUBERTHIE, 1983). In some 
places, this band of materials broken into numerous interstices 
is developed under a coat of organic soils, which relieves the 
sudden temperature and humidity changes on surface. When this 
has taken place, the underground superficial compartment is an 
ideal habitat for a colonization of this subterranean species. 

Another significant aspect is the existence of paleoclimates 
in the archipelago. The modification in the forest spreading is 
said to be caused by several climatic variations which happened 
during the Pleistocene and the Holocene. The degrees of erosion 
also varied during this time (CRIADO, 1984). 

The existence of a special type of underground superficial 
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compartment originally different to that already described is 
another quality of the volcanic land and it can participate in the 
distribution of the hypogeous species. This particular type of 
underground superficial compartment is not formed by an erosive 
process but is made of scoriaceous strata from the lava flows . 
The final result is a compartment composed of interspersed layers 
of fragmented material among other layers of more compactness . 
This is called volcanic underground superficial compartment 
(MEDINA & OROMI comm. pers.). 

Distribution of the hypogeous Loboptera in the Canary 
Islands 

The five colonizing species of the underground compartment 
of the islands have shown a different degree of adaptation to 
the hypogeous life (table I). This is related to their respective 
habitats. Thus, those species living underground are more 
adapted than those that can be found about the surface. If the 
greater age of an island supposes a longer time disposal for the 
adaptation to the hypogeous conditions, it is then related to those 
levels of morphological adaptation. Those species presenting a 
greater adaptation to the underground life conditions belong to 
Tenerife Island, the oldest island of the archipelago, whereas 
those species existing in La Palma or El Hierro islands still preserve 
many of the epigeous features . 

TABLA I 

Species Pigmentation eye Habitat Island Age 
range development S MSS MSP m.y. 

L. subterranea X anophthalmous X X Tenerife 16 

L. cavemicola xx eye X Tenerife 16 ustability 
L. anagae XXX normal X X Tenerife 16 
L. ombriosa meridionalis xx normal X Hierro 1,5 
L. ombriosa ombriosa xxxx normal X X X Hierro 1,5 
L. fortunata xxxx normal X X X? Palma 3 

Nevertheless, it is suprising to learn that some islands keep 
various hypogeous forms even related among themselves, such 
as L o. ombriosa and Lo. meridiona/is in El Hierro, or L anagae 
and L cavernico/a in Tenerife . We have already discussed in 
another paper (MARTIN & OROMI, op, cit.) that all of the 
hypogeous Loboptera found in Tenerife come from one single 
ancestor probably. It all makes us inquire into the reasons of the 
present differentiation. 

In order to analyse both the distribution and differentiation of 
the hypogeous species in the Canary Islands, we have to consider 
the following : the existence of underground barriers blocking the 
dispersion about the underground deep compartment, and the 
expansion and regresion of the laurel forest. This considerable 
influences upon the habitation of the underground superficial 
compartment (JUBERTHIE, 1983). The first of these two aspects 
depends upon the greater age of the soil and its degrees of 
erosion; the second depends on the climatic changes of the past. 
The forest regression also affect the species as the could remain 
isolated in the underground compartment (VANDEL, 1958; PECK, 
1980; JUBERTHIE, 1984). 

The formation of underground barriers is likely to have caused 
an initial distinction in the original Loboptera of Tenerife. An 
important deposit of alluvial clay found in La Laguna, Tenerife (at 
500 m.h.), forms an example of such barrier (fig. 2). The 
underground deep compartment is filled up at lower areas 
because of the lack of eruptions and then the constat erosion 
(for a longer period of three million years). The underground 
superficial compartment cannot be colonized as it is too dry. So, 
the western population became the present L subterranea and 
the eastern population was recently distinguished as L anagae 
(which lives at 800-1000 m above the sea level) and as L 
cavernicola (at 300 m above the sea level) . 

The distintion between L anagae and L cavernicola came 
later when the laurel forest extended around 300 meters below 
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Fig. 2. Hypothetical distribution of the three species of Loboptera existing in the 
subsoil of Tenerife. 

its preset level during the past wet period (WILDPRET, comm. 
pers.). Thus, an organic soil layer covered the lower areas, allowing 
the colonization of the underground superficial compartment. A 
single Loboptera would spread over by then from the hills down 
near the sea level. The forest receded during a drought period 
and the underground superficial compartment begin to dry out. 
At the same time, the hypogeous species of the same 
compartment also reduced their spreading areas to the hills only. 

According to this hypothesis, some populations remained 
isolated in caves like Sima Robada during the recesing period, 
though they continued to be humid because of their significat 
depth. In some time, this population ·would differ from those of 
the hills and would become L cavernico/a. 

Something similar could have happened in El Hierro islad. The 
differences found between the two Loboptera from this island do 
not appear clearly enough to consider them as different species. 
This suggests that this process of evolution has ocurred recently. 
The distribution area of the two subspecies, Lo. ombriosa and 
L o. meridionalis, is separated by an old basalt band of more 
than one million years (SCHMINCKE, 1976; PELLICER, 1977), 
which could form an impassable barrier for both of them (fig. 3). 

EL HIERRO 

Fig. 3. Hypothetical distribution of the two subspecies of L. ombriosa existing in 
the subsoil of Hierro. 

As it happened in Tenerife, other island underwent similar variation 
of weather conditions which affected the distribution of the original 
species. During wet period , the laurel forest covered a more 
extension than today, even descending by the southern slopes 
of the island (WILPRET, comm. pers.). The Loboptera would 
spread over almost throughout the entire island at this time. 

Ater the forest regresion in the following drought period, these 
southern populations, which had been already accustomed 
themselves to the underground deep compartment, were the 
isolated from those of the north, and therefore , they were only 
to stay in the deep subsoil as the surface dryness increased. 
The northern populations of El Hierro island continued to live on 
the surface (in the forest confined inside the area known as El 
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Golfo), and in both the deep and superficial underground 
compartment. The old basalt band acted as an effective barrier 
since the subterranean dispersion was stopped by the low 
humidity in the underground superficial compartment and by the 
old age of the underground deep compartment. 

We conclude that the distribution studies of the genus 
Loboptera in the Canary Islands reflects the influence of several 
factors on the distinction of the hypogeous species. The more 
significant factors are: the paleoclimate and their effect on the 
islands flora; the existence of a deep and a superficial 
underground compartment; the islandsage; and the age of 
specific land within the island . These five «agents» are related in 
their performance: the paleoclimates affect the forest expansion, 
which modifies itself the habitation of the undergroung superficial 
compartment. The geological age of a particular area may avoid 
the dispersion through the underground deep compartment in 
the oldest an eroded places. Underground barries are formed 
when all of these agents impede the dispersion through the deep 
and superficial underground compartments. Finally, the islands' 
age will adjust the evolution and adaptation degrees of species 
in relation to the time disposal for the underground environment 
colonization. 
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The fauna of the submarine cave «Tunel de la Atlantida», Lanzarote 

RESUM 

Antonio G.-Valdecasas (S. T.O.) 
Jose Luis Fernandez (S. T.O.) 
Jose Bedoya (S. T.D.) 
Museo Nacional de Ciencias Natura/es. 

En aquest treball oferim un balanr; de la fauna cavernfco/a que viu en el tune/ submarf de Jameo de/ Agua. 
Hi podem distinguir a/menys dues comunitats diferents: la fauna pr6piament cavernfcola i la cominitat intersticial Joca/itzada en 

una acumulaci6 de sorra situada a la part mes profunda de la cavitat. 
Amdues comunitats estan constitui'des per animals relativament «rars», a/guns d'ells descrits per primera vegada. S'ana/itza 

tambe la seva similitud amb altres faunes cavernfcoles. 

RESUMEN 

En este trabajo ofrecemos el balance de la fauna cavernfcola que vive en el Tune/ submarino de/ Jameo de/ Agua. 
Se pueden distinguir al menos dos comunidades diferentes. La fauna propiamente cavernfco/a y la comunidad intersticial 

loca/izada en un amontonamiento de arena en la parte profunda de la cavidad. 
Ambas comunidades estan compuestas por animales relativamente «raros>>, algunos de ellos descritos por primera vez. Se 

analiza la similaridad con otras faunas cavernfcolas. 
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SUMMARY 

In this paper we offer a balance of the cavernico/ous fauna that inhabit the submarine tunnel of the Jameo de/ Agua. 
At least two different communities could be distinguish: the proper cavernicolous fauna and an interstitial community located 

in a sand mountain deep into the cave. 
Both communities are composed of relative «rare» animals, some of them described for the first time. 
The similarity with other cave faunas is analyzed. 

Introduction 

The Volcano of La Corona is locates in the NE of the island 
of Lanzarote (Canary islands). It is at 5 km from the coast. At 
the time of its origin , around 3.000 years ago, it gave origin to a 
tunnel that goes toward the sea. Once there, it continues as a 
submarine cave, of which more than 1.500 m. are already known , 
but we ignore how much longer it is. The dimensions of the tunnel 
are variable , but it reaches in some places more than 20 x 10 
m. In some streches the top of the tunnel has dropped, originating 
what is commonly known as «jameo». 

Before reaching the sea, its effects could be detectable by 
the presence of a lagoon in the jameo del Agua and in the lakes 
of the jameo de los Lagos, where tides cycles are readily 
observable. 

The lagoon of the jameo del Agua can be easily reached from 
the exterior, and has been recently urbanized. 

The first aquatic animal found there was described by Koelbe 
in 1892. Since then some other animals where found , and this 
knowledge greatly expanded when the investigations broadened 
to the submarine cave associates (a short account of the scientific 
history of the jameo del Agua can be found in G.-Valdecasas, 
1985). In This paper we present a balance of the faunistic results 
on the fauna of the tunnel / 

Material and Methods 

The samples on which this paper is based on, proceed of 
two expeditions to the tunnel in 1984 and 1985, although only 
the first had a primary scientific motivation , so 1985 samples 
were more casual. 

Sampling the submarine cave was a challenge. We tried to 
diversify the sampling methods, and when possible they were 
used gradually along the cave. 

Three different kinds of nets were used. A bait-net , that was 
lefl at different parts of the cave bottom with null results . Two 
other nets were a plane net and a circular one, that the 
speleodivers carried with them and used either at the rock surface 
or to filter certain amounts of the water column . For the crevices 
and fissures in the rock a manual pump proved to be very useful, 
although limited to animals of certain size. All the nets and the 
pump have attached a plastic bottle with the bottom removed 
and substituted by fine nylon monofilament. 

The material and technics of searching and exploring the cave 
is dealt in another paper of this Congress (see Bedoya et al. , 
this Congress). 

Results 

The fauna found in the tunnel can be classified at least in 
three groups (Table I): 

a) Fauna of epigean origin : 
b) Fauna of hypogean nature: 

b.1) free living cavernicolous, 
b.2) intertilials organisms. 

They are going to be treated in turn . 
a) Fauna of epigean origin . 
There are two places where animals from the surrounding sea 

can be incorporated to the cave. One is at the beginning of the 
submarine · part of the tunnel , and the other at 720 m, where 
fissures at the top allows some animals to go into the cave and 

have originated a sand mountain of giant proportions (around 
11 X 11m.). 

As the beginning of the submarine part of the tunnel is not 
in the open sky, is not readily understood how animals have 
incorporated to it. The most reasonable explanation is to think in 
a shift throug the fissures and crevices of the cave rock. At this 
location cavernicolous and epigean animals coexist: the 
subterranean crab Munidopsis polymorpha and the epigean 
amphipod Parhyale hawaiensis. 

At the sand mountain the number of epigean species is higher: 
we tiave found several specimens of Antozooa, the decapoda 
Stenopus spinosus, the ofiura Ophioderma longicaudum and two 
specimens of Holothuria sp. as well as rest of other marine 
invertebrates. An abundant tenatocenosis of Mollusca form part 
of the matrix of the mountain. 

Some of the animals living inside the mountain have been 
found in the outside sea. Two well known cases are the 
polichaetes Paradoneis lyra and Protodorvillea kefersteini, both 
with an ample distribution in the sands of several seas. They are 
limited to this part of the cave, and are clearly distinguished from 
Gesiella jameensis, a genuine cavernicolous polichaete, that is 
found along the cave. 

Some other taxa of the mountain remain to be allocated in 
one of these categories, something that can not be done before 
they are properly identified. Even then, in some cases, it would 
be necessary to sample the epigean sands surrounding 
Lanzarote, in order to ascertain the degree of fidelity of that 
interstitial fauna to the cave. 

b.1) Free living cavernicolous 
By this term we understand those animals that could live free 

swimming in the cave and show a certain adaptation to cave 
conditions. They are mainly constituted by the polichaete Gesiella 
jameensis already mentioned, the mysid Heteromysoides cotti, 
the decapoda Munidopsis polymorpha, the amphipoda 
Spealaeonicippe buchi and Hadzia acutus (another species of 
amphipoda is pending description), the isopoda Curassanthura 
canariensis and the remipedia Mor/ockia ondinae. 

The laind of adaptations presented by these organisms are 
mainly the lack of visual organs and despigmentation. 

All of them are endemic to the cave, although close relatives 
have been found either at bathyal depths of the surrounding seas 
or in caves at the other side of the Atlantic . 

They are not restricted to one part of the cave and Hadzia 
acutus has been found in the jameo de los Lagos. 

Morlockia, described in 1984,' belongs to the class Remipedia, 
and has been found at the beginning of the cave and in a superior 
gallerie about 120 m. from the entrance. 

It is remarkable that it has remain unknown for so a long time. 
b.2) Interstitial fauna 
Many authors classify interstitial fauna within cavernicolous 

one, although it is still a debatable matter (Vandel , 1964). Common 
propierties are the lack of visual organs and a more or less 
pronounce adaptation to attenuated environmental conditions. 
Nevertheless we still think that there are some peculiar 
adaptations that allow us to distinguish between an interstitial 
and a proper cavernicolous animal , as we have done in this paper. 

The interstitial fauna of the cave concentrated mainly in the 
sand mountain is very rich : Turbellaria, Gastrotrica, Priapulida, 
Nematoda, Polichaeta and several groups of Crustacea, especially 
Copepoda and Ostracoda. Many of these taxa are new species 
or greatly expand the known distribution of the group. The 
Nematoda Draconematida and the Priapulida Tubi/uchus for 
instance are mentioned for the first time to the west African coast . 
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TABLE I. FAUN\STIC COMPOSITION OF THE SUBMARINE 
CAVE OF THE JAMEO DEL AGUA (LANZAROTE) 

E C I 

Gastrotrica + 
Priapulida 

Tubiluchus + 
Nematoda 

Draconematida + 
Demoscolecida + 

Polichaeta 
Paradoneis lyra + 
Protodorvillea Kefersteini + 
Gesiella jameensis + 

Crustacea 
Copepoda + + 
Ostracoda + + 
Heteromysoides cotti + 
Cumacea ? 

Munidopsis polymorpha + 
Spealaeonicippe buchi + 
Hadzia acutus + 
Curassanthura canariensis + 
Morlockia ondinae + 
Stenopus spinosus + 
Ophioderma longicaudum + 
Holothuria sp. + 

E: Epijean; C: Cavenicolous; I: Interstitial. 

It is not known if part or all these taxa are found in the 
surrounding sand of the adyacent sea. Two peculiarities of the 
sand mountain should be mentioned at this point: 

a) there is a lower level of perturbation from the tide cycle, 
as the flux of water inside the cave is mainly laminar. 

b) A relative high concentration of organic matter, originating 
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in the epigean animals that once inside the cave have great 
difficulties or find impossible to return to the epigean world. 

We ignore if these two conditions are enougth to justify the 
presence in the sand mountain of taxa not found outdoors, or 
simply a higher amount of them. Only a careful\ investigation in 
the sands outside the tunnel could give a definite answer. 

Conclusions 

Previous research as well as our own investigations in the 
submarine cave of Lanzarote «Tunnel de la Atlantida» show that 
it has a very rich fauna of very different nature: shared epigean 
animals, truly cavernicolous and interstitials ones . the communities 
of the cave should not be understood aside those in the exterior 
sea, especially the communities of the sand surrounding the cave. 

The future research on the cave should consider it not only 
as a natural reserve but as a potential zoological laboratory. 
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On the existence of a superficial underground compartment in the canary islands 

RESUM 

P. Oromi*, A.L. Medina * and M. L. Tejedor ** 
Dept. of Zoology (*) and Dept. of Edapho/ogy (**). Univ. of La Laguna. 
Tenerife . 

Es presenta, per primera vegada, un estudi de la fauna que colonitza el medi subterrani superficial de Jes ii/es Canaries. 
L 'experiencia es va dur a terme en la zona volca.nica de/ vessant nord de /'ii/a de El Hierro, on els sols s6n de/ tipus andisol, bastant 
joves i per tant poc desenvo/upats. 

El medi subterrani superficial correspon a /'horitz6 C d'aquest sol, que es desenvolupa en materials basa.Jtics piroc/a.stics. 
Podem classificar el sol com a «vitran depts11, el qua/ presenta horitzonts A i B. No obstant, i a causa dels talussos de la zona, 

els horitzons queden reduits a /'A i al C. 
Els sols s6n rics en materia orga.nica, s6n eutrofics i amb poca capacitat de retenci6 d'aigua. 
Exposem una relaci6 d'especies trobades en aquest medi i podem obsevar una corre/aci6 prou significativa amb la fauna de 

/es cavitats que es troben al mateix indret de /'ii/a: sigui com sigui el nombre d 'especies recollides en el medi subterrani superficial 
sempre ha estat mes gran que el de /es coves, utilitzant Jes mateixes tecniques de trampeig. 

REUSMEN 

Se presenta por primer vez en estudio de la fauna que coloniza el media subterraneo superficial en las Islas Canarias. La 
experiencia fue 1/evada a cabo en la zona vo/canica de la vertiente Norte de la Isla de Hierro, donde los suelos son de/ tipo andiso/ 
bastante )oven, y por consiguiente poco desarrollado. 

El media subterraneo superficial corresponde al horizonte C de este sue/o, que se desarrol/a en materiales basalticos piroclasticos. 
El suelo puede ser c/asificado coma «vitran depts» mostrando /os horizontes A y B. Por causa de las /aderas de fuerte pendiente 

en el area de /os horizontes quedan reducidos al A y C. 
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Los sue/as son ricos en materia organica, eutr6ficos y de baja capacidad de retenci6n de agua. 
Se expone una lista de las especies hal/adas en este media y se observa una concordancia bastante elevada con la fauna de 

las cavidades que se encuentran en las misma parte de la is/a: sea coma sea el numero de especfmenes recogidos en el media 
subterraneo superficial siempre fue mayor que en cuevas, utilizando las mismas tecnicas de trampeo. 

SUMMARY 

A study of the fauna inhabiting the superficial underground compartment in the Canary Islands is presented for the first time. 
The experience was carried out in the volcanic land on the north slope of Hierro island, where the soils are quite recent and therefore 
only slightly evolved. A list of the species found in this environment is displayed, and a rather high agreement with the fauna of 
the caves existing in the same part of the island is observed. However, the number of specimens collected in the superficial 
underground compartment was always greater than in caves using the same trapping techniques. 

Introduction 

Several studies performed through the last years on the cave 
fauna of the Canary Island, and mainly on that of Tenerife, have 
proved the existence of various species of troglobites. Some of 
these species appeared simultaneously in many of the caves 
searched by us, being these often situated up to 50 km apart 
from one another. The most representative of these troglobites 
would be Loboptera subterranea Martin & Oromf, which could be 
found in almost any cave of the island, except in its NE edge 
known as Anaga (OROMI et al., 1985). This Blattoidea shows a 
remarkable adaptation to the hypogeous life conditions (MARTIN 
& OROMI, in press) . 

The discovery of a superficial underground compartment 
(«milieu souterrain superficiel», MSS) in the French Pyrenees 
(JUBERTHIE et al., 1980a; 1980b; 1981a) and later in other points 
of europe (JUBERTHIE et al., 1981 b) , made us realize that 
probably the Canaries could be provided with similar underground 
conditions which could easily explain this particular subsoil 
distribution, already noted by MARTIN (1982) as probable. 

The first exploring test were made under a study supported 
by the CAICYT (proj. n. 1692/82) in several points of Teno, in the 
NW of Tenerife (fig . 1 b). This is a considerably old area of the 
island -from 5 to 7 million years B.P. (SCHMINCKE, 1976)- lacking 
lava tubes and covered by a dense laurel forest. The results of 
this study were amazingiy successful : many specimens of 
/oboptera subterranea appeared rapidly along with a few 
specimens of Wolltinerfia tenerifae Machado, an interesting 
troglobite belonging to a monospecific genus closely related to 
a group of pterostichids considered as palaeoendemisms of the 
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Localization of the prospected stations in (A) Tenerife and (8) Hierro islands. 

Canarian fauna (MACHADO, 1984). This insect was previously 
known in cavern-like environments only. 

Numerous specimens of L. subterranea, although none of W. 
tenerifae, were collected during further explorations around lcod 
which is a geologically more recent area having many lava tubes 
and covered by a more xeric forest of Pinus canariensis Chr. sm. 
ex D.C. Additional traps were installed later around the NE edge 
of the island (Anagan area), also in very old soils covered by the 
laurel forest as it happened in Teno. Lava tubes cannot be found 
in Anaga an just a pit is situated down at the lowland outside 
the forest (MARTIN et al., 1985), where /oboptera cavernico/a 
Martin & Oromf had been picked up already. This was the only 
known troglobite on this side of the island by then and it is not 
as transformed as L. subterranea. Various specimens from a third 
species, L. anagae Martin & Oromf, were collected in the MSS 
traps of the upper humid zone. This L. anagae is similar to L. 
cavernico/a though not as strict on its underground adaptation 
(MARIN & OROMI, op. cit.) . 

Finally, we initiated a more detailed research of the MSS in 
the wooden slopes of El Golfo, Hierro island, taking advantage 
of several spelaeological expeditions studying the subterranean 
fauna of this island which were supported by the Canarian 
Autonomous Government. Two volcanic cavities found at El golfo 
were also tested on this occasion: Cueva de Mauricio (a lava 
tube) and Cueva de las Palomas (a volcanic pit) . 

Methodology 

The methodology used in the collection of arthropods was 
similar to the one chosen by JUBERTHIE et al. (1980a). Our 
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method consisted on the placing of pitfall traps into 50-80 cm 
holes dug on the subsoil in the taluses of a forest track. These 
traps contained Turquin liquid (TUROUIN, 1973) saturated with 
NaCl plus a solid bait of beef liver soaked with a solution of 
Novapim and ethilic alcohol. 

Once the traps were installed, the holes were refilled again 
by using the same soil fragments extracted in the drilling process. 
A total of 18 traps were set up. Two different samples were 
taken, the first one in March and the second in November, 1985; 
the traps remained placed for 25 and 12 days respectively. 

Nine samples were taken from these stations which were later 
analysed in the laboratory, in order to describe the soil profiles. 

Results and Discussion 

The compartment: The samples from the analysed soil turned 
out to be edaphologically similar among them. This soil consists 
of an organic A horizon, whose depth depends on the slope, 
followed by a C horizon; a B or B(C) horizon was rarely found. 
C horizon includes a generally basaltic scoria, whose fragments 
are slightly altered, and thus present a yellowish and sometimes 
reddish colouring . C horizon is also of great porosity, as the scoria 
fragments are hardly compact since their origins. The sampling 
traps were set up rigth in this compartment. 

The scoriaceous C level containing the trap usually lies over 
the compact, basaltic parent rock (fig. 2 a). However, a narrow 
basaltic layer is found in some of the analysed soil profiles. This 
layer also appears as a very compact one, seen with no alteration 
trace either between the organic horizon and the scoria or among 
the different scoriaceous levels (fig. 2b). Being these soils of a 
recent formation, this basaltic layer does not seem to produce 
significant edaphic changes, even though it should obviously 
influence on the soil permeability. According to the similarities 
observed in the analysed soils, we will refer to an average profile 
whose characteristics could be extended to the other stations. 

Morphological qualities. - The stations were placed along the 
Derrabado track as well as in the area of el Salvador, both on 
El Golfo mountainside between 800 • 900 m a.s.l. They were 
oriented towards the north on a steep slope which included many 
fragments of basaltic scoria, and was covered by a dense 
vegetation of Myrica faya - Erica arborea forest. This soil 
presented a good drainage and did not show any human influence. 

The following is a description applying to the various horizons 
analysed in our research: 

Horizon A11 : up to 5 cm deep, 5YR/2·1 (dark brownish-reddish) 
colour, very humid, sandgrava texture, crumby structure, very 

A 

C 

R 

A 

intensive reaction with NaF, fluffly aspect, apparently low density 
and with presency of roots . 

Horizon A12: from 5 to 40 cm deep, 5YR2/1 {black) colour, 
also very humid, sandy texture, crumby structure, very intensive 
reaction with NaF, fluffly aspect, full of roots . 

Horzon C: below 40 cm deep, 5YR4/4 (brownish-reddish) 
colour, humid very solid scoria slightly altered on the surface of 
its fragments, positive reaction with NaF though neither as quickly 
nor as intensive as in upper horizons. 

Physico-chemical and mineralogical qualities. -We are dealing 
with a slightly acid soil due to its recent formation. This is reflected 
by the positive and not excesive reaction with NaF. This soil is 
very rich in organic matter and saturated of bases. Relating to 
the saturating cations of this complex, the major ion is Ca++, 
followed by Mg++, Na+ and K+. The changing capacity values are 
very low for this kind of soil which indicates its minor evolution. 
However, they present silica-rich allophanes with variable charges, 
for there were differences noted between the calculation of the 
changing capacity at pH 7 and that calculated at pH 8,2. 
Regarding to the granulometrical analysis, these are sandy soils 
with a low percentage of clay, which emphasizes their recent 
formation . Consequently, moisture retention is unimportant. 
Concerning the mineralogical qualities. volcanic glass is dominant 
on more than a 60 %. It is constituted by hardly altered primary 
minerals and we rarely observed the formation of clay minerals 
in it: just a few traces of haloisite 1 :1 clay were detected. 

These soils belong to the «andosols» class,, «andosols peu 
differenties» subclass (according to the French classification of 
1972). It is defined as a melanic horizon due to the dark and 
strong colour shown by the organic horizon . Thus, the profile will 
be included in the «ando sol humique» group. According to the 
Soil Taxonomy (1975) this profile belongs to the «lnceptisol» order, 
«Andepts» suborder, included in the large «Vitrandepts» group. 

- The fauna: After sampling the 18 stations, the following 
species appeared. 

The presence of theses species and their relative abundance 
in these soils depended on the various stations. Nevertheless, 
we could not relate these differences with the possible variables 
observed, such as horizon depth, temperature, superficial 
vegetation, etc. As already specified, some traps were located 
in the C horizon underlying beneath a small compact basaltic 
layer (fig. 2 b); however, the fauna collected in these traps was 
as abundant as that of the traps located on the basaltic layers 
of C horizon, right under the organic horizons. 

The setting up of the traps themselves also influenced of the 
results as many invading species were collected as well. Some 
of these were Lehmania va/entiana, lnsu/ivitrina spp., Metopsia 
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Schematic section of the soil horizons in the volcanic superficial undreground compartment. A: A horizon; C: C horizon; R: basaltic parent rock. 
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GASTROPODA Pulmonata 

ARACHNIDA Acarina 

CRUSTACEA 
MYRIAPODA 

HEXAPODA 

Araneae 

lsodopa 
Symphyla 
Diplopoda 

Chilopoda 
Collembola 
Blattariae 
Coleoptera 

Lepidoptera 
Diptera 

Hymenoptera 

Lehmania valentiana (Ferussac) 
lnsulivitrina canariensis (Mousson) 
lnsulivitrina sp. 
Zonitidae indet. 
Gen. sp. indet. 
Dysdera sp. 1 
Dysdera sp. 2 
Tegenaria sp. 
Linyphiidae indet. 
Gen. sp. indet. 
Gen. sp. indet. 
Brachydesmus superans Latzel 
Brachydesmus sp. 
Lithobius sp. 
Lepidocyrtus sp. 
Loboptera ombriosa s.str. Mart. & lzq. 
Licinopsis picescens (Woll.) 
T rechus minioculatus Machado 
Trechus flavocinctus gomerae Jeann. 
Medon subcoriaceum (Woll.) 
Metopsis n. sp. 
Atheta sp. 
Tachyporainae indet. 
Laemophloeus granulatus Woll. 
Tarphius camelus Woll. 
Cryptophagus cf. affinis Sturm. 
Geometridae indet. 
Megaselia sp. 
Calliphora vicina Rob. Desv. 
Calliphora splendens Mcquart 
Braconidae indet. 

n. sp., Tarphius came/us, Laemoph/oeus granulatus, Geometridae 
indet., Braconidae indet., and Calliphora spp. 

Yet, other species prove to be permenent inhabitants of this 
MSS since they were picked up in the traps of nearby caves 
even in the deep area of these. The following species of this 
hypogeus fauna are the more significant: Loboptera ombriosa, 
the carabids Licinopsis picescens and Trechus minioculatus, and 
a staphylinid from Tachyporinae subfamily. 

Loboptera ombriosa s.str., unkonwn until this research, was 
also found in the nearby caves though in very little quantities. 
As it seemed to happen with L. subterranea in T enerife (MARTIN 
& OROMI, op. cit.), L. ombriosa is very frequent in this MSS of 
Hierro island, as sometimes more than 60 units were collected 
in one single trap. However, L. ombriosa seems to be restricted 
to the NW area of the island (El Golfo), since another subspecies, 
L. ombriosa meridionalis (MARTIN & IZQUIERDO, in press), was 
found in the caves from the western and southern arid zone. L. 
o. meridionalis is probably limited to the underground deep 
compartment , as the MSS is dried out in this area. 

Licinopsis picescens was already known by very limited 
specimens (WOLLASTON, 1864). It was frequently found by us 
in Cueva de Mauricio and quite numerous too in the MSS of El 
Golfo (up to 27 specimens on each trap). Even so its pigmentation 
and morphology are generally those of an epigeous species, its 
eyes are somewhat reduced , being this clearly a sciaphilous insect 
(MACHADO, comm. pers .) 

Trechus minioculatus is a species of a large size compared 
to other Canarian Trechus. Its eyes are very reduced and 
uncoloured and it is a familiar inhabitant of the hypogeous. 
environment (MACHADO, in press). It was found in the nearby 
caves too, and mainly in the MSS but not as frequent as Loboptera 
or Licinopsis. Trechus minioculatus was unknown before our 
underground researches. 

The Tachyporinae species features scarcely reduced eyes 
though depigmented, so they are not likely to be functional eyes. 
About 80 exx. appeared in the MSS and just 2 exx. in Sima de 
las Palomas. This species was not known either and was never 
found in the mould samples made in the same area. 

Further species found should add up to the above hypogeous 
ones, such as myriapods, collembola or Oysdera, a genus that 

has originated several troglobites in Tenerife (RIBERA et al., in 
press). However, our scarce knowledge on the distribution and 
habitat of these species in Hierro island does not allow us to 
consider them as hypogeous right away. We must bear in mind 
then that subterranean species of Hierro island do not usually 
show a characteristic, adapted morphology. 

Indeed, the species considered by us as MSS typical inhabitat 
either do not or barely present usual features of troglobites. 
Moreover, some of them have been occasionally found in the 
epigeous environment. Relating to this, we should comment that 
just one real troglomorphic species (CHRISTIANSEN, 1962) have 
been found up to date in the cavern fauna of Hierro island. It is 
the reduviidae Collartida anophthalma (ESPANOL & RISES, 1983). 
The other inhabitants of the lava tubes have a moderate or slightly 
apparent morphological adaptation, being T. minioculatus the 
most advanced example besides the above mentioned, 
Collartida. 

If more transformed species could not be found in the searched 
C horizon in Hierro island, it does not mean that this is not a 
suitable environment for them but it is that such species do not 
exist on the island. Thus, it can be directly related to the island 
age: about 1,5 million years B.P. (CANTAGREL, 1985). 

On the contrary, the MSS researched in Tenerife includes 
more transformed species because of the older age of the island: 
about 7 million years (CARRACEDO, 1979). This is basically 
important in order to explain the existence of more than 24 known 
troglomorphs, being some of them as transformed as the 
European troglobites , like it occurs with Canarian Domene 
vulcanica (OROMI & HERNANDEZ, in press) or Oysdera 
unguimannis (RIBERA et al. , in press). 

Regarding to the few times in which Licinopsis picescens and 
Loboptera ombriosa has been found semiburied about the 
surface, we should notice that many of the hypogeous species 
have occasionally appeared outside their usual environment 
(PAOLETTI, 1980; HOWARTH, 1983), which is likely to happen in 
warm climate areas very often (PECK, 1982). So has turned out 
in the Canaries; as a matter of fact, we have already checked 
up this phenomenon both in Tenerife and La Palma islands and 
could notice that Loboptera anagae as well as L. fortunata can 
be found in the forest during foggy days. 

Conclusions 

We are introducing then a new inhabited underground 
compartment named by us as volcanic MSS. Basically, it consists 
of C horizon from and andosol not much differentiated which is 
lying on a compact basaltic parent rock. However, the horizon is 
sometimes placed under or even in the middle of the crystalline 
basaltic rock (fig. 2 a, 2b). The main characteristic of this particular 
MSS is its great porosity which is due to its scoriaceous origin . 
It is included'n what HOWARTH (1983) would call the 
mesocavernous zone. 

It is important to point out that the term «volcanic MSS» should 
not include the MSS originated in volcanic ares by edaphological 
processes described for other kinds of lands already (JUBERTHIE, 
1983). These processes such as the formation of a C horizon by 
the progresive alteration of the compact parent rock or as the 
accumulation of creep and its later consolidation, also take place 
in volcanic lands and thus it may become inhabitable, like the 
one found in Teno, Tenerife. However, such compartments are 
formed in relatively old soils, whereas the scoriaceous volcanic 
MSS belongs to recent ones. 

The analysis of the MSS fauna of Hierro island proves that 
the species there found are on a much less advanced evolution 
phase than those found in Tenerife, in the same MSS. On the 
other hand, a parallel phenomenon is being observed between 
the lava tube fauna from both islands, which is certainly caused 
by the difference of age between the two: it is from 5 to 10 times 
greater in Tenerife . 

The parameter of geological age should be considered in 
relation to the entire island, instead of considering a specific soil ; 
for it is to be admitted that previously adapted species to a 
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hypogeous environment can migrate towards the most recent 
soils . For example, the highly adapted and exclusively hypogeus 
L. subterranea is found both in very old soils (in the MSS) and 
in more recent ones (either in the MSS or in lava tubes) . 

Finally , it is interesting to point out that exclusive hypogeous 
species of the MSS were not located in neither of the two islands, 
since all of these species were also found in volcanic cavities . 
The extension of the MSS in these islands in probably rather 
wide and its connections with the lava tubes are very effective 
to allow the migration of species from one environment to another 
very easily. 
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The tropical cave environment and the evolution of troglobites 

Francis, G., Howarth 
B.P. Bishop Museum, Honolulu, Hawaii, U.S.A. 

RESUM 

Un recent treball sobre Jes coves tropicals ha permes de realitzar un examen critic de Jes teories sobre l 'evoluci6 dels frog/obis 
de Jes coves temperades. Mes que no pas relfquies de passats canvis climatics, els frog/obis semblen haver-se tornat altament 
especialitzats per a l 'explotaci6 de recursos dins def sistema de cavitats intercomunicades de tamany mig (mesocavernes) i per a 
la co/onitzaci6 de Jes coves adjacents (macrocavernes), tant sols en aquells indrets que presenten aquest medi ambient caracterfstic. 
Aquest medi esdeve massa rude per a la major par d'organismes: es permanentment fosc i humit, amb una total absencia de Jes 
caracterfstiques ambientals mes frequents, amb una complexitat de mesc/es gasoses letals i subletals, amb recursos alimenticis 
dispersos, Jes seves parts rocoses, impenetrab/es i amb superffcies verticals humides i ressoladisses. Pocs grups d 'animals poden 
explotar aquest bi6top. Segurament Jes uniques especies amb possibilitatsd d 'exit siguin Jes especies trog/6files. Segons sembla, 
els frog/obis evo/ucionen a partir d'especies que frequentement es troben, per accident, a Jes mesocavernes, a traves d 'un proces 
adaptatiu. Si es disposa de recursos explotables suficients, un accident fortui't podria comportar l'establiment d'una pob/aci6 que, 
si reeixeix, podria esdevenir trogl6bia per especiaci6 parapatrica. 

RESUMEN 

Un trabajo reciente en cuevas tropicales ha permitido realizar un examen crftico de las teorfas sobre la evo/uci6n de Jos trog/obios 
de las cuevas templadas. Mas que ser reliquias de cambios climaticos, los troglobios parecen haberse vue/to altamente especializados 
para explotar recursos dentro de/ sistema de huecos interconectados de tamano medio (mesocavernas) y para colonizar las cuevas 
adyacentes (macrocavernas) tan s6/o en aquellos sitios en /os que se encuentra este medio ambiente unico. Su medio ambiente 
es demasiado rudo para la mayorfa de organismos, al ser permanentemente oscuro y humedo, con ausencia de las caracterfsticas 
ambientales mas frecuentes y con una complejidad de mezclas de gases feta/es o sub/eta/es, recursos alimenticios dispersos, sus 
partes rocosas impenetrables y superficies verticales humedas y resbaladizas. Pocos grupos anima/es pueden explotar este biotopo. 
Probablemente las especies con posibilidad de exito sean s6/o las trog/6filas. Al parecer /os troglobios evolucionan de especies que 
frecuentemente se encuentran por accidente en las mesocavernas, a traves de un proceso adaptativo. Si se dispone de recursos 
explotables significativos, eventua/mente un accidente puede establecer una pob/aci6n y, si tiene exito, puede convertirse en trog/obia 
por especiaci6n parapatrica. 

SUMMARY 

Recent work in tropical caves has provided a critical test of the theories on the evolution of trog/obites developed in temperate 
caves. Rather than being reliefs of changes in climate, trog/obites appear to have become highly specialized in order to exploit 
resources within the system of interconnected mediumsized voids (mesocaverns) and to colonize adjacent caves (macrocaverns) 
only where their unique environment is found. Their environment is too harsh for most organisms, being perpetually dark and humid, 
lacking common environmental cues, and with a complex maze-like form, lethal or sublethal gas mixtures, scattered food resources, 
unforgiving rocky substrates, and wet slippery vertical surfaces. Few animal groups can exploit this biotope. Successful facultative 
species probably remain troglophilic. Trog/obites appear to evolve by a process called adaptive shift from species that are frequent 
accidentals in the mesocaverns. If significant exploitable resources are available, eventually an accidental may establish a population 
and, if successful, may become troglobitic by parapatric speciation. 

Following the important pioneering studies in Europe and North 
America, troglobites have been thought to occur almost 
exclusively in limestone caves in temperate regions beyond the 
limits of maximum Pleistocene glaciations. They appeared to be 
relicts of the changing climates and sea levels associated with 
the waxing and waning glaciers (Vandel 1965, Barr 1968). The 
often bizarre and seemingly non-adaptive loss of eyes, body color, 
and other organs displayed by obligate cave animals has long 
intrigued both laymen and biologists. These changes have been 
termed «regressive evolution», and various theories based heavily 
on the apparent relictual distribution of troglobites were proposed 

to explain the evolution of such apparent «regressive» 
characters. 

In the last decade there has been a virtual revolution in our 
understanding of cave biology, necessitated by the realization 

· that obligate cave animals also live in nonlimestone caves such 
as lava tubes, erosional caves, and even voids in fractured rock 
and talus slopes; that significant specialized cave faunas are 
found in tropical regions ; and taht many obligate cave species 
are not relicts (Howarth 1983, Juberthie 1983). These discoveries 
have opened up vast new areas of the world for biospeleological 
studies. The comparative studies of these newly recognized cave 
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ecosystems will provide significant tests of the conclusions 
concerning colonization, evolution, ecology, and distribution of 
troglobites that were developed from the pioneering studies in 
temperate limestones caves, and a new synthesis is now 
necessary. 

In the new expanded view of the cave environment the 
subterranean biome is divided into 3 size classes. Troglobites 
inhabit the 2 larger systems; the mesocaverns, an anastomosing 
system of voids ranging in size from ca. 0.1 cm to 20 cm in 
width, and the macrocaverns, which include the cave passages 
studied in traditional biospeleological research. In cavernous 
regions these two environments fully interconnect and form a 
continuous habitat. Most troglobites appear to be adapted to 
exploit resources in the mesocavernous zone and colonize the 
macrocaverns only where their special environmental 
requirements are approximated (Howarth 1983). 

The physical environment within the mesocaverns is probably 
quite similar in both temperate and tropical regions. The 
temperature is higher and less variable in tropical mesocaverns, 
and there is a diurnal «winter effect», in which the oscillation of 
ambient air temperature above and below the underground 
temperature drives a daily turnover of air, and greater biogenic 
production of carbon dioxide and other decomposition gases (e.g. 
methane, carbon monoxide, ammonia). Soil formation and erosion 
rates are higher in the tropics, leading to a more rapid filling and 
degrading of both the meso- and macro-caverns there. These 
environmental factors lead to relatively higher concentrations of 
the gases of decomposition and concomittant lower 
concentrations of oxygen, and greater short term variability of 
these gases and of water vapor. Tree roots are a mucho more 
important food source in tropical caves because the high water 
stress has forced many tree species to produce deeply 
penetrating roots . Roots 30-50 m in depth are common in many 
trbpical cave regions. 

Organic food energy is continually being washed into 
suberranean voids by percolating ground water and sinking 
streams, or introduced by deeply penetrating plant roots and by 
dispersing animals. In non-cavernous areas this loss is relatively 
insignificant because the voids are small. However, where there 
are extensive systems of larger interconhected subterranean voids 
the loss can represent a significant resource. Much of this energy 
is carried out of reach of surface animals because of their inability 
to locate adequate harvestable energy to maintain their lifestyles, 
reproduce in perpetual darkness, or cope with the inhospitable 
environment, including the wet substrate and constantly hydrating 
atmosphere. 

It is this potencial food resource that provides the driving 
force for the adaptation and evolution of cave species. 
Troglomorphic populations appear to evolve from pre-adapted 
habitual accidentals which often establish temporary populations 
in marginal underground habitats. Once an adaptive shift occurs, 
allowing a reproducing popuiation to establish itself underground, 
then it is both the effects of strong new selection pressures and 
the release from previously strong selection pressures that bring 
about the remarkable changes that we recognize as 
troglomorphy. 

Most well-adapted troglophiles remain troglophilic, at least as 
long as their underground habitats remain suitable for them. At 
the margins of their range or with changing environmental or 
biotic conditions their underground populations may become more 
transient and the stage is set for a subsequent adaptive shift 
and the evolution of a troglobitic population . 

It is an absolute fallacy that great change requires great time 
in evolution. There is abundant and overwhelming evidence both 
in the fossil record and among living organisms to refute it , e.g., 
variability of domestic dogs• and adaptive radiations on young 
oceanic islands. Organismic evolution progresses by natural 
selection on the variable genomic expression within a population. 
The time necessary for change and whether it occurs depends 
on 2 factors : degree of selection pressure and the genetic 
repertoire of the interbreeding population . Some highly modified 
troglobites are undoubtably ancient relicts and have survived in 
caves for a very long time, but others, equally troglomorphic , 

appear to be very young in geological terms. At the other extreme 
there are old troglophiles, e.g. many nematocerus Diptera. 

The inhospitable mesocavernous environment imposes great 
selection pressures on adapting populations. Founding 
populations probably begin with one or at most only a few females . 
Inbreeding and release from previously active selection forces 
(predation, food and mate recognition , competition , etc.) allow 
survival of previously supressed genomes, thereby increasing 
variability and novel gene expression for natural selection to act 
upon. New selection pressures act to change food- and mate
seeking behavior, physiology to cope with novel, potencially lethal 
gas mixtures, and wet, maze-like substrates. Loss of unneeded 
structures (eyes, etc.) proceeds relatively rapidly through release 
of selection and accumulation of deleterious alleles. For example, 
if there are 100 genes controlling the development of the eyes, 
a mutation blocking or reducing the expression of any one of 
them may cause a reduction or loss of the eye (Culver 1982). 
Thus in this example reduction may proceed 100 times faster 
than the mutation rate- if selection is released. The naturally high 
radiation levels found in caves may increase the mutation rate, 
thereby further speeding the process. 

I have space here for one well-studied example of cave 
adaptation in Hawaiian lave tubes: the Hawaii Island cave cixiid 
planthopper, O/iarus polyphemus. Previously I have discussed the 
evolution of the Caconemobius crickets (Howarth 1981). 

The nearly continual volcanism on Hawaii Island is important 
in the evolution of cave species by continually creating new habitat 
and by creating kipukas. Kipukas are islands of older vegetated 
substrates surrounded by younger lava flows. Work in Hawaii 
shows these sparsely vegetated lava flows to be veritable deserts 
for the rainforest organisms inhabiting the numerous scattered 
isolated kipukas. However, cave animals can freely exploit 
resources under these lava flows and freely disperse between 
kipukas. Therefore, the exploitable habitat is much larger for cave 
populations than for ther more restricted rainforest relatives, at 
least in young volcanic tenaires. The situation reverses after 
volcanism wanes and rainforests and leaf litter communities 
develop on the aging substrates. Mesocavernous habitats and 
lava tubes degrade, erode, and fill in this aging process so that 
in older volcanic regions ooly relict cave species may survive. 

Metrosideros polymorpha is the dominant tree in Hawaiian 
montane rainforests and also the major pioneer on young lava 
flows. Feeding on the roots of M. polymorpha in rainforests on 
Hawaii Island are nymphs of the native planthopper, O/iarus 
inaequa/is. The adults are typical fl ighted, big-eyed denizens of 
the rainforests and rarely venture far out on younger lava flows. 
Adults and numphs are ocasionally found near entrances in caves 
but are considered accidental in deeper cave passages. E ven 
though some nymphs may transform in the deep cave, few if any 
resulting adults would reach the surface and survive to mate and 
find suitable habitats in which to lay eggs. Thus, much of the M. 
po/ymorpha root biomass (that on young lava flows and in drier 
marginal rainforest habitats) is out of reach to 0. inaequa/is. 

Over the millenia incipient cave populations of the ancestors 
of D. inaequalis continually became established just as 0. 
inaequa/is does today. Most eventually died out. The major 
bottleneck for such a population may have been the ability to 
locate a mate and reproduce underground. Once a population 
could do this -bingo!- a large percentage of new M. polymorpha 
habitat was opened up to it , and the population could expand 
rapidly. For a time backcrosses with the ancestors of 0. inaequa/is 
in boundary habitats could have added genetic variability for 
selection, just as the modern plant and animal breeders backcross 
with wild strains in order to improve domestic strains. 

The subterranean habitat is so novel and new selection 
pressures so strong that the new population diverged 
morphologically, physiologically, and behaviorly from the surface 
species, and has become genetically isolated from its ancestors 
and highly troglomorphic . In contrast to its surface relatives, 0. 
polyphemus is pale ghostly white without any trace of eyes or 
ocelli . Its hind wings are reduced to tiny vestigal lobes while the 
tegmina have become short thickened flaps partially fused to the 
thorax. It 's tarsal claws are greatly elongated, and the arolia are 
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vestigal , adaptations which allow it to walk on wet rock surfaces. 
However, it retains the hallmark male genitalic characters which 
show it to be very closely related to 0. inegualis (Fennah 1973). 

Significantly, there is another closely similar cave cixiid, 0. 
priola, in lava tubes on the nearby island of Maui. It also feeds 
on M. polymorpha tree roots . Maui is older and there are few 
remnant caves remaining in the rainforest. 0. priola may be a 
relict, as a close surface relative has not been recognized among 
the native epigean species. Although its male genitalic characters 
show that is belongs to the native Hawaiian section of the genus, 
they show clearly that it represents an entirely independant line 
of cave adaptation from that of 0. polyphemus. These 2 cave 
species are superficially very similar. Such a degree of parallel 
evolution was unrecognized a few years ago. 

0. po/yphemus is not yet a relict. It is widespread in cave 
and mesocavernous habitats only on Hawaii Island, and appears 
to be far more common and more widely distributed then its 
close surface relative, 0. inaequa/is. The geological evidence 
places the age of Hawaii Island between 400,000 and 700,000 
years (Dalrymple et al. 1973). How could such a highly specialized 
cave species evolve in the few hundred thousand years that have 
elapsed since Hawaii Island rose above sea level? 

I propose neotenic development. Nymphs of 0. inaequalis are 
partially blind, pale, and able to survive in undeground 
environments well. They suck xylem sap from tree roots and thus 
already possess efficient mechanisms to deal with excess water. 
They are admirably preadapted to life underground, although they 
are poor dispersers. 0. polyphemus appears to have evolved 
from an 0. inaequalis-like ancestor by retaining the beneficial 
nymphal characters into adulthood. This would require mutations 
of only a few regulatory genes to bring it about and thus could 
have been quite rapid. Neoteny is also recognized in troglobites 
elsewhere, notably salamanders (Culver 1982). 

Striking similarities exist between and among these kipuka 
and young lava flow environments just described and periglacial , 
karst terrains, and montane environments. In periglacial 
environments there are often islands of forests developing in 
protected sites (e.g. south-facing slopes in the northern 
hemisphere) separated by more-or-less barren ground. The 
extensive deposits of young moraines offer vast mesocavernous 
habitats for dispersing and evolving troglobites. Abundant food 
resources may also occur underground in periglacial environments 
from release and transport of organic debris trapped within the 
glacier. In karst terrains barren rocky ground is often the norm, 
with surface accumulations of leaf litter and vegetation restricted 
to cracks and sinkholes. Dispersal between these islands is either 
on certain rare nights when conditions allow across rock travel , 
or underground. In montane regions tree-line interdigitates with 
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alpine and supra-alpine zones in protected places along valleys, 
ridges , slides, etc. Deep, young talus slopes provide abundant 
mesocavernous habitats and dispersal routes between and 
among these vegetated islands. 

Many troglobites are relicts , especially some of those known 
from temperate regions, and some of these may have acquired 
their cave adaptations after the major portion of their surface 
populations were extirpated by a climatic or biologic change. 
However, the evidence from Hawaii and other tropical caves 
demonstrates that such extinction and subsequent isolation of 
the evolving cave populations is not a necessary prerequsite for 
troglobite evolution to occur. 

Cave faunas have largely developed independantly within each 
region from the indigenous pre-adapted epigean fauna. Thus, 
each region has its own unique faunal elements. The fact that in 
many cases the adaptations to caves (troglomorphy) are so similar 
even among such diverse independantly evolved cave faunas 
indicates that cave adaptation is a general process and that 
selection pressures in the cave environment are very similar. 
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Brazilian cave Fauna: Composition and Preliminar Characterization 

Eleonora Trajano 
Oepto. Zoologia, IBUSP Soc. bras. Espe/ea/. 

RESUM 

El material zoo/ogic reco/-Jectat a Jes coves brasileres, i particu/arment a aquelles situades al curs alt de la val/ de/ riu Ribeira 
(SE de/ Brasil) ens proporciona una visi6 amplia i documentada sabre el tema, tot i que Jes diferencies amb a/lo descrit per a Jes 
zones tropicals no s6n pas molt grans. 

Els animals que hom ha trobat amb mes frequencia dins aquesta area s6n els seguents: ortopters Phalangopsidae, coleop
ters (Carabidae, d 'entre altres), dfpters com els Chronomidae, miriapods Po/ydesmida i Juliformia, opilions Laniators, aranyes (so
bretot Scytodidae, Ctenidae i Theridiosomatidae), silurids i rat penats. Amblipigis i escarbats s6n tambe frequents, excepte a la 
part mes a/ta de/ Ribeira. 

La fauna present a l'entrada es caracteritza pel predomini d 'aracnids (opilions Goniosominae i aranyes Pholcidae), heterop
ters Reduviidae i form.es larvaries de dfpters Keroptatidae. 

D 'entre els trog/obis terrestres abunden els grups detritfvors/ omnfvors. No es frequent trobar-hi depredadors. 

155 



RESUMEN 

El material zoo/6gico reco/ectado en las cuevas brasilenas, particularmente en las que estan en la parte superior de/ valle de/ 
rfo Ribeira (Sur-Este de/ Brasil) proporciona una vision razonablemente buena sobre el tema, el cual aparece no ser demasiado 
distinto de/ que se ha descrito para las regiones tropicales. 

Los animales encontrados con rhas frecuencia en el area incluyen: ort6pteros Phalangopsidae: cole6pteros (Carabidae, entre 
otros); dfpteros como /os Chironomidae; miriapodos Polydesmida y Ju/iformia opo/iones Laniatores; araflas, particu/armente Scytodidae, 
Ctenidae y Theridiosomatidae; siluridos y murcielagos. Amblipigios y cucarachas son comunes, excepto en Ribeira Superior. 

La fauna de la entrada se caracteriza por el predominio de aracnidos (opiliones Goniosominae, araflas Pholcidae), heter6pteros 
Reduviidae y formas larvarias de dfpteros Keroptatidae. 

Entre Jos trog/obios terrestres dominan /os grupos detritfvoros/omnfvoros; no son comunes /os depredadores. 

SUMMARY 

The zoological material collected in Brazilian caves, particularly in those from the Upper Ribeira River Valley (South-eastern 
Brazil), provides a reasonably good view of the subject, one that does not seem to be much different from that described for other 
tropical regions. 

Animals frequently found throughout the area include: Phalangopsidae crickets; co/eopterans (Carabidae, among others); dipterans 
like the Chironomidae; Po/ydesmida and Juliformia millipedes; Laniatores opilionids; spiders; particularly Scytodidae, Ctenidae and 
Theridiosomatidae; catfishes and bats. Amblypygi and cockroaches are common, except for the Upper Ribeira. 

The threshold fauna is characterized by the predominance of Arachnida (Goniosominae opilionids, Pholcidae spiders), Reduviidae 
heteropterans and the larval form Keroplatidae dipterans. 

Among the terrestrial troglobrles, the detritivorous/ omnivorous groups predominate; the predator ones are uncommon. 

Introduction 

In the last few years a number of caves from various Brazilian 
limestone regions , mainly those of the Upper Ribeira River Valley, 
South Sao Paulo State, were surveyed. The information gathered 
expands and improves that of our preliminary article (Dessen et 
a/.,1980)), allowing a reasonable good picture of the Brazilian 
cave fauna. 

The main Brazilian Speleological Provinces (Karman & 
Sanchez, 1979) are shown in the figure. Collects were made in 
the provinces I, II , Ill and V, and also in sandstone caves of Sao 
Paulo and Amazonas States. Data from Minas Gerais State are 
available in Chaimowicz (1984). 

Faunal composition 

Due to the limited number of specialists on the groups found 
in the Brazilian caves, the majority of the specimens were 
identified to the family level. Even so, this is enough to give an 
idea of the main taxa inhabiting Brazilian caves and to allow 
comparision with other regions. 

Animals commonly found throughout the studied area include 
crickets , heteropterans, milipedes, isopods, opilionids and 

Brazilian speleological provinces ad carbonatic regions 

Speleological Provinces 

~I !~:I of Ribeira 

III Serra da Bodoquena 
IV Alto Paraguai 
V Chapada da Ibiapaba 

CArbonatic Regions :~fJt 

from Karmann & Sanchez, 1979 

spiders, besides bats and siluriform fishes . The invertebrate 
aquatic fauna is poorly known and this paper will be restricted 
to a few comments. 

The commonest spiders are the Ctenus spp. (Ctenidae), 
Loxosce/es spp. (S,cytodidae) and Plato Spp. (Theridiosomatidae). 
Pholcidae spiders are also common, particularly near the 
entrances. These families have been cited as typical of tropical 
caves. 

Among the opilionids, Palpatores are rare and probably 
accidental in Brazilian caves. In the Upper Ribeira, the best known 
region , the gonyleptid Laniatores predominate: the 
Goniosomatinae are common near the entrances and the 
Pachylospeleinae related to the Pachylinae and showing 
troglomorphic characters. in the dark zones of the caves. A small 
number of phalangodids, well represented in the tropical caves 
in general , were collected. 

Up to now, two Diplopoda orders were recorded in Brazilian 
caves : the Polydesmida and the Juliformia. Pseudonannolenid 
juliformids, and leptodesmid, cryptodesmid and oniscodesmid 
polydesmids were found in the Upper Ribeira, the first two being 
frequent. 

Terrestrial isopods (Oniscoidea) belonging to different families 
(Styloniscidae, Philosciidae, Platyarthridae, Armadillidae) were 
collected throughout Upper Ribeira and Bambui provinces. Great 
part of the populations present troglomorphic characters. 

All the identified crickets are phalangopsids and the majority 
belong to the genus Endecous, problaby pre-adapted to the cave 
life. Some exceptions are Eidmanacris spp. 

Reduviid heteropte heteropterans are, like in other tropical 
regions, characteristic of the threshold fauna. Still , at least one 
troglophile population of a reduviid (Zelurus variegatus) was found 
throughout the dark zones in the Upper Ribeira. 

Dipterans and beetles have been regularly collected and 
identified to family level only in Sao Paulo State; data about these 
groups found elsewhere are scanty. The chironomids, observed 
in great numbers in caves of Goias State, and the larval form of 
a keroplatid (Mycetophiloidea), typical of the threshold fauna, are 
among the commonest dipterans found at all places. Phoridae, 
Ceratopogonidae, Tipulidae, Empididae, and Dixidae, occurring 
in caves of other countries, were also recorded in the Upper 
Ribeira. 

Beetles recorded in Sao Paulo include: Carabidae 
(Schizogenius ocellatus from several caves of the Upper Ribeira, 
showing troglomorphic characters, and Platynus aequinoctia/is, 
among others), Ptilodactylidae, Leiodidae Catopinae and 
Pselaphidae. The first two families were also recorded in Minas 
Gerais. 
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The soil fauna, as well , has been systematically surveyed only 
in the Upper Ribeira, where the presence of collembolans, 
diplurans, geophilimorph centipedes, pseudoscorpions, acarines 
and earthworms, was ascertained, as already expected ; these 
animals may be common elsewhere but, due to the lack of 
information, an actual evaluation of this fauna outside Sao Paulo 
State is not allowed. The Entomobryidae are the commonest 
collembolans, followed by the Sminthuridae. The most collected 
earthworm was Amynthas hawaianus, introduced in the 
Neotropical region and well succeeded in the colonization of the 
cave environment; Glossoscolicidae, Ocnerodrilidae and 
Enchytraeidae were also recorded. One specimen of Symphyla, 
group not usually found in caves throughout the world, was 
collected in the Upper Ribeira, too. 

A few groups are common in some regions but certainty rare 
or absent in others. this is the case of the Amblypygi (Damonidae, 
Phrynidae and Charontidae), not found in Sao Paulo State, which 
is outside the geographic distribution of the group. For the same 
reason , the anomuran crustacean Aegla, common in caves of the 
Upper Ribeira, where it forms troglomorphic populations, do not 
occur northern of Sao Paulo. 

Furthermore, cockroaches are frequent in the warm caves 
north of the subtropical Upper Ribeira, where they are rarely seen . 
In this case, thee limiting factor is other than geographic 
distribution. One possible explanation is that the caves in the 
latter region , whose temperature is generally equal or bellow 20° 
C, are rather cold for these typically tropical animals. 

In relation to the aquatic fauna, aside from Aegla, a population 
of Spelaeogriphacea crustaceans can be pointed out. Specimens 
belonging to a new genus and species of this group, formerly 
known only from South Africa, were found in a cave from Serra 
da Bodoquena. Among the vertebrates, the siluriform fishes , 
including troglomorphic populations, are dominant, being 
observed wherever water bodies are propitious to fishes. With a 
few exceptions, the specimens collected are pimelodids 
(Pimelodel/a, Rhamdia, lmparfinis, among others) , trichomycterids 
(Trichomycterus), or loricariids (Ancistrus, Plecostomus, Loricaria). 
Only a few Characiformes, problaby trogloxenes or accidentals, 
were recorded (Astyanax, Prochilodus) 

Sandstone cave fauna is basically the same found in limestone 
caves. Seemingly, the only striking difference is the larger amount 
of bat guano in sandstone caves, resulting in larger populations 
of guano-feeding arthropods such as crickets and juliformid 
millipedes. Problaby associated to this, there have not been found, 
up to now, troglomorphic animals in these caves. 

It was observed that bats tend to distrib4te through the roosts 
available in limestone regions like the Upper Ribeira, where the 
number of such roosts (caves, crevices) is high; so, the bat 
populations in each cave are generally small (Trajano, 1985). On 
the other hand, sandstone caves are scanty and smaller, and the 
bats concentrate, proportioning great amounts of guano. So, the 
input of energy as guano in general is not high in Brazilian caves 
like on other tropical regions studied. 

From the point of view of the composition , there does not 
seem to be remarkable differences between Brazilian and other 
tropical cave faunas . The great majority ot the terrestrial predators 
are troglophiles, prevailing arachnids (spiders and Amblypygi), 
followed by reduviid heteropterans, carabid beetles and 
geophilomorph centipedes. The phalangopsid crickets and the 
cockroaches (rare or absent in the temperate caves), polydesmid 
and juliformid millipedes, beetles like the catopines, and dipterans, 
are, as in other tropical regions , among the commonest 
representants of the detritivorous/omnivorous terrestrial fauna. 

The threshold fauna is also similar to that of other tropical 
regions, being characterized by the predominance of the Aracnida 
like Goniosomatinae opilionids and Pholcidae spiders, and 
Reduviidae heteropterans. The only typical dipteran of this fauna 
is the larval form of the fungus gnat (Keroplatidae). 

Brazilian troglobites, troglophiles and trogloxenes 

At the present, it is difficult to apply the concept of troglobites 
as organisms confined to the subterranean habitat , to the Brazilian 

cavernicoles. This is due to the lack of intensive, systematic 
surveys on the epigean fauna for most regions, including that 
where caves are located. So, our «troglobites» are actually 
troglomorphic populations. 

Up to now, such populations were found for the following 
taxa: siluriform fishes (Pimelodel/a kronei, from Upper Ribeira; 
Trichomycterus spp. and Ancistrus sp., from Bambui province), 
anomuran crustaceans (Aegla spp., from Upper Ribeira), 
Oniscoidea isopods, Spelaeogriphacea crustaceans, polydesmid 
millipedes (Leptodesmus yporangae, Peridontodesmella alba, 
Yporangiella stygius, from Upper Ribeira, besides other 
undescribed ones), pseudoscorpions like Pseudochthonius 
strinatii, gonyleptid opilionids (Pachaylospeleinae form Upper 
Ribeira, among others) , and collembolans (Sminthuridae and 
Entomobrydae). The carabid Schizogenius ocel/atus and an 
undescribed pselaphid from Upper Ribeira could be considered 
troglobites based on reduction of eyes, brachyptery and a slight 
depigmentation in the latter. Still , it is possible that the typically 
eyeless and depigmented taxa, like many soil animals recorded, 
for instance, in the Upper Ribeira, include troglobite 
populations. 

As can be noted, Brazilian troglobites are mainly aquatic 
organisms or terrestrial detritivorous/omnivorous. The relative 
rarity of troglobites among the terrestrial predators in tropical 
caves has been frequently cited in the literature as one of the 
most notable differences in relation to the temperate ones. 

To deduce the troglophile status, it was used the following 
criteria applied to organisms with epigean characters: distribution 
throughout the cave, repeated observations (indicating a 
reasonable sized population), and, in many cases, evidences of 
a complete life cicle inside the cave (observation of either eggs 
or cocoons, juveniles and adults). In so doing, it was concluded 
that the majority of Brazilian cavernicoles recorded are 
troglophiles. These include the crickets Endecous spp. and at 
least one population of Eidmanacris) , cockroaches, the 
heteropteran Zelurus variegauts, beetles like the catopines, 
ptilodactylids and pselaphids (except for the mentioned 
troglomorphic population), dipterans like chirinomids and at least 
one population of Phoridae (Conicera sp.), part of the collembolan 
species, juliformid and some polydesmid millipedes, spiders 
(Ctenus spp., Loxosceles spp. and Plato spp.), Amblypygi, and 
several Laniatores opilionids. Problaby some trichopterans, like 
the leptocerids and others found in the Upper Ribeira caves are 
also troglophiles. 

Among the trogloxenes, it could be cited the mammals (bats, 
opossums, rodents and others) and decapod crustacenas (aeglas, 
freshwater shrimps and crabs) , whose size and degree of mobility 
let periodic incursions to relatively great depths in caves. 
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Bibliografia speleofaunistica della Puglia (Italia del Sud) 

RESUM 

Vicenzo, Manghisi - Luigi, de Marzo 
lstituto Italiano di Speleologia di Castellana-Grotte - lstituto di 
Entomologia Agraria, Universita di Bari 

En aquest treba/1 els autors ens donen una re/aci6 de mes de 150 noms d'especies pertanyents a la fauna de /es cavitats 
naturals de /es Pouil/es (Sud d'ltalia). Es tracta de la primera 1/ista, molt comp/eta, que se'ns ofereix d'aquesta interessant reg/6 que 
compta, per cert, amb nombroses especies comuns amb la zona ba/canica a la que antigament es trobava anexionada. 

RESUMEN 

En este trabajo los autores dan una lista de mas de 150 tftulos concernier.tes a la fauna de las cavidades natura/es de las 
Pouil/es (S. de ltaliarse trata de la primera lista comp/eta ofrecida por esta interesante regi6n que presenta numerosas especies 
comunes con la zona balcanica a la que estuvo anteriormente unida. 

RESUME 

Dans ce travail, /es Auteurs dressent une liste de plus de 150 titres qui concernent la faune des cavites naturel/es des Pouil/es 
(ltalie du Sud). II s 'agit de la premiere liste bibliographique complete dressee pour cette interessante region, qui presente de 
nombreuses especes communes a la zone ba/kanique avec laquel/e el/e etait autrefois conjointe. 
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Non-relictual cavernicolous invertebrates in tropical Asian and australasian Caves 

Philip Chapman 
City Museum, Bristol, U.K. 

RESUM 

Els tradicionals conceptes «Jeannelians» i «Vandelians» de frog/obis ( = troglomorfs) insisteixen en el seu 1/arg ai1/ament genetic 
a que han estat sotmesos dins /es coves (encetat arran de cataclismes climatics), en la seva conseguent evoluci6 degenerativa i 
en la seva residual distribuci6 repartida de torma irregular en arees carstiques temperades. 

Les coves tropicals de Papua Nova Guinea i Sarawak constitueixen l'habitac/e de molts invertebrats terrestres troglomorfics. 
La major part pertanyen a/s taxons de domini local; d'altres, en canvi, pertanyen a taxons desconeguts que, fins ara, no han pogut 
esser trobats en altres indrets. Ma/grat tot, i mentre no s'estudirn amb mes deteniment els habitats crfptics superficials, a /es zones 
de/ carst tropical, es mil/or pensar que la majoria de cavernfco/es troglomorfics no s6n especies relictes. Els troglomorfs tropicals 
no s6n necessafriament antics cavernfco/es i es troben encara en proces d 'especiaci6. L 'especiaci6 en /es coves tropicals es 
possiblement parapatrica mes que no pas alopatrica. Els invertebreats troglomorfics adaptats a l'estrategia de la K s6n mes frequents 
en conductes estrets, propensos a /es inundacions, amb poca circulaci6 d 'aire, una atmosfera saturada i un subministrament periodic 
de detritus organics. 

RESUMEN 

Los tradiciona/es conceptos «Jeannelianos» y «Vandelianos11 de troglobios ( = troglomorfos) hacen hincapie en su largo ais/amiento 
genetico en cuevas, iniciado con cataclismos climaticos, su subsiguiente evo/uci6n degenerativa y su residual distribuci6n esparcida 
de torma irregular en areas karsticas templadas. 

Las cuevas tropica/es de Papua Nueva-Guinea y Sarawak contienen muchos invertebrados terrestres troglom6rficos. La mayor/a 
pertenecen a los taxones localmente dominantes. Algunos pertenecen a /os taxones desconocidos, que hasta el presente no se 
han encontrado fuera de las cuevas en su localidad. No obstante, mientras se estudian mas los habitats crfpticos superficia/es en 
zonas de karst tropical, es mas seguro asumir que la mayor/a de cavernfco/as troglom6rficos no son especies relictas. Los troglomorfos 
tropica/es no son necesariamente antiguos cavernfcolas y estan todavfa en proceso de especiaci6n. La especiaci6n en cuevas 
tropicales es posiblemente parapatrica mas que a/opatrica. Los invertebrados troglom6rficos adaptados a la estrategia de la K son 
mas frecuentes en conductos pequefios propensos a las inundaciones, en donde hay poco movimiento de/ aire, una atm6sfera 
saturada y un suministro peri6dico de detritos organicos. 
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SUMMARY 

Traditional «Jeannelian» and «Vandelian» concepts of troglobites ( = troglomorphs) stress /heir long genetic isolation in caves 
initiated by climatic upheavals, their subsequent degenerative evolution, and their patchy, relictual distributions in temperate karstic 
areas. 

The tropical caves of Papua New Guinea and Sarawak contain many troglomorphic terrestrial invertebrates. Most belong to 
locally dominant endemic taxa. Some belong to taxa not presently known outside caves in their locality. However, until cryptic 
surface habitats in tropical karst areas receive more study, it is safest to assume that most troglomorphic cavernicoles are not 
relictual species. Tropical troglomorphs are not necessarily ancient carvernicoles and may be still speciating. Speciation in tropical 
caves is probably parapatric rather than allopatric. K-adapted troglomorphic invertebrates are most common in small, flood-prone 
passages near the phreas, where there is little air movement, a saturated atmosphere and a periodic supply of organic detritus. 

According to Jeanelian and Vandelian tradition, most highly 
cave-evolved animals, or «troglomorphs», are supposed to be 
relicts of ancient hygrophilic faunas, extinct elsewhere. Such 
species are numerous in caves of temperate regions, because 
climatic changes associated with the Pleistocene glacial epochs 
have, by removing adjacent surface populations, set the 
cavernicoles on an evolutionary course steered by selection 
pressures peculiar to the cave environment. During cold periods, 
many temperate caves experienced a reduced food supply, as 
is seen today in caves of sub-glacial latitudes in northern Europe 
and America. Under these conditions, the only survivors of the 
preexistent cave fauna were species which were able to efficiently 
exploit a poor and erratic food suplly; that is K-selected, highly 
cave adapted species. Some of these are cryophilic relicts from 
the taiga-like forests which preceded the advance and followed 
the retreat of the glaciers {this element was stressed by Barr, 
1968) and some are thermophilic relicts of the moist tropical/sub
tropical forests of the Tertiary (this element was stressed by 
Vandel, 1965). Whatever their origin, relict species are now the 
most ancient and easily recognized component of modern 
temperate cave faunas: many are eyeless, depigmented and have 
attenuated appendages or hypertrophied non-visual sensory 
apparatus. Some temperate biospeleologists, such as Vandel 
(1965), seem to have believed that almost all highly troglomorphic 
species are glacial or pre-glacial relicts. However, recently 
Deeleman-Reeinhold (1981) has argued that the number of these 
supposed «relicts», among the European spiders at least, has 
been exaggerated by bad taxonomy. 

In the lowland tropics where Pleistocene glaciations had little 
discernible impact, and where forest cover remained intact, 
cavernicolous faunas have not been constructed in the same way 
as in temperate regions. The caves retain an ancient fauna. There 
are proportionally fewer «troglomorphic», K-selected cavernicoles 
and instead the cave community is far more rich in r-selected 
and intermediate species. These «non-troglomorphic» tropical 
cavernicoles have been called «troglophiles» by most authors to 
distinguish them from the few «temperate-troglomorphic», 
K-selected tropical cavernicoles, which have been termed 
«tr.oglobites». The assumption has been that the K-selected 
«troglomorphs» are the true, ancient, cave-evolved troglobites, 
while the r-selected «non-troglomorphs» are recent colonists, or 
maintain gene-flow with surface populations and are thus not 
«true cavernicoles» (sensu Vandel, 1965). However, the so-called 
tropical «troglophiles» almost certainly include some very ancient 
cavernicoles. There would seem to be little reason why tropical 
cavernicoles should be expected to eventually evolve in parellel 
with K-selected temperate troglomorphs. Tropical caves are often 
not food-poor, and r-selected species have far more cave niches 
available to them than do K-selected cavernicoles. The r-selected, 
guano-associated species may show reduction in eye-size or 
pigmentation , or not. Often they demostrate considerable 
polymorphism in selectively-insignificant characters such as 
pigmentation or eye-development. Such variability may be a truly 
troglomorphic character in the tropics. Any tendency towards 
loss of wings, pigment, or eyes in obviously r-selected guanobia 
in tropical caves is most simply explained in terms of relaxed 
selection pressure associated with prolonged cavernicolous 

existence free from gene-swamping by an adjacent surface 
population . In highly cavernous areas of tropical karst, containing 
huge bat or swiftlet populations, it would seem likely that the 
bulk of the populations of many guanobious · cockroaches, 
rhaphidophorid crickets, aderid and leiodid beetles, tineidmoths, 
gasropods, millipedes, isopods and their predators, live 
permanently in caves, and presumably have done so for millenia. 
Guanobious species such as the cricket Diestrammena mjobergi, 
the leiodid beetle Ptomaphaginus chapmani, or the tineid moths 
Tinea antricola and T.porphyropa, all of which are common in the 
Mulu caves in Sarawak, are true cavernicoles, known only from 
caves. They have been described as «troglophiles», rather than 
as «troglobites», purely because biospeleologists persist in 
equating «troglobite» with «troglomorphic, K-selected cavernicole». 
Incidentally, the microphthalmic and poorly-pigmented 
Ptomaphaginus chapmani, described by Peck (1981) as a 
«troglophile», probably because it retains functional wings, 
appears to be a relict member of an ancient group which is 
widely, if patchily, distributed within the tropics. 

The Mulu caves in Sarawak do contain a few «temperate-type 
troglomorphic» species which belong to taxa which are still 
represented locally by other «non-troglomorphic» cave -and 
surface- dwelling species. They include an eyeless, white potamid 
crab, Cerberusa caeca, which has an eyed and pigmented 
congener, C.tipula, (Holthuis, 1979), sometimes sharing the same 
caves. An undescribed translucent prawn with reduced eyes, 
Palaemon (Macrobrachium) sp., inhabits one cave stream within 
a system elsewhere frequented by at least two other epigean 
members of the same subgenus. Two or more undescribed 
«troglomorphic» pholcid spiders are related closely to 
Spermophora, a locally common genus, with epigean and 
cavernicolous representatives. A «troglomorphic» scorpion, 
Chaerilus sp. has local epigean relatives, and two semi-terrestrial 
isopods, Setaphora parvicaputa and Paraperiscyphis 
platyperaeon (Schultz, 1982) have two forms, one microphthalmic 
and lightly pigmented, the other larger-eyed and more pigmented, 
which appear to be zoned in the cave, with the more 
«troglomorphic» facies almost exclusively found in «deep-cave» 
microhabitats. The various populations of Diestrammena mjobergi 
in the Mulu caves also vary in their degree of pigmentation and 
eye regression from one cave to another. None of these species, 
however, exhibits as spectacular a range of variations in eye 
-and pigment- regression as do the Tanzanian hypogean 
cockroach Alluaudellina cavernicola, or the rhaphidophorid cricket 
Tachycines cuenoti, from caves in Tonkin (Vandel, 1965). I suggest 
that these species are true cavernicoles (in the sense of having 
been shaped by a hypogean existence), as much as the more 
familiar «temperate troglomorphs» of the Pyrenees, or 
Jugoslavia. 

Some troglomorphic species from Mulu (e.g. the cockroach 
Trogloblattella chapmani Roth (1980), the anthurid isopod 
Cyathura chapmani Andreev (1982), the asellid isopod Stenasellus 
chapmani Magniez (1982a,b), or the amphipod Bogidiella 
(Medigidiella) sarawacensis Stock (1983) have no known relatives 
in the area. They may be relicts, or not. The invertebrate faunas 
of hyporheic waters, such as in riverine gravels, and of soils, 
leaf-litter, or other crytic habitats in Borneo are far too poorly 
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known for such an assertion to be made yet. Indeed, it is inevitable 
that in time more and more tropical cavernicoles formerly thought 
to be relict species, will prove to have living relatives , as cryptic 
non-cave habitats become better studied . An example of the 
difficulty in assessing «relictualness» is seen in the eyeless nereid 
polychaete Namanereis beroni (Hartmann-Shroder and Marinov, 
1977), which was discovered in freshwater pools in a cave at 
1.700 m altitude in Papua New Guinea (Chapman, 1985). Other 
Namanereis are widely distributed in marine, brackish, or 

. freshwater habitats at, or near sea-level, but were unknown from 
the Australasian rlilgion, so that at the time of its discovery ten 
years ago, N.beroni seemed to be a «marine relict» (Chapman , 
1976). However, more recently , polychaetes have been found 
inhabiting forest litter in Papua New Guinea (Deharveng, 1981) 
and these may prove to be related to the cavernicolous 
Namanereis. Other highly troglomorphic cavernicoles in the Papua 
New Guinea highlands are already known to have close relatives 
among the endemic surface fauna. Examples are: Five 
troglomorphic carabid beetles of the locally dominant tribe Agonini 
(Emberson and Moore, 1982), several cavernicolous 
paradoxosomatid millipedes, including the highly-troglomorphic 
Selminosoma chapmani (Hoffman, 1978), and the sundathelphusid 
crabs Rouxana phreatica (Holthuis, 1982) and Holthuisana alba 
(Holthuis, 1980). The non-relictual nature of the Hawaiian cave 
fauna is also well known. Howarth (1981) argued that various 
preadapted Hawaiian rainforest arthropods, and Caconemobius 
crickets (which are primarily adapted to wet rock habitats), have 
made an adaptive shift to exploit the novel habitat offered by 
recently-formed caves and mesocavernous habitats. Amazingly, 
the genus Lycosa (called in Hawaii the «big-eyed hunting 
spiders11), have contributed two troglomorphic species, Lycosa 
howarthi and Adelocosa anops, to the Hawaiian cave fauna 
(Gertsch, 1973). As Gertsch points out, this demonstrates «the 
ability of big-eyed spiders with seemingly fixed qualities to seize 
and exploit a habitat opportunity even though its results, essential 
or total eyelessness, seem antagonistic to their nature» (Gerstch, 
1973). 

Terrestrial troglomorphic cavernicoles in the highland caves 
of Papua New Guinea have clear habitat preferences. They are 
found almost exclusively in small, blind-ending, flood-prone 
passages just above the level of the phreas, where slowly-draining 
flood waters deposit a harvest of food and where air temperature 
remains fairly constant and atmospheric humidity is close to 
saturation. This is a similar habitat to that favoured by many 
temperate cavernicoles, and presumably accounts for the 
uncannily similar facies of the Papuan cavernicolous agonine 
beetles and some American counterparts. Some Mulu 
troglomorphs also favour this habitat, while others occur widely 
in the damper fossil passages where they feed on scattered 
faeces of cave swiftlets, . Aerodramus vanikorensis. All the 
terrestrial troglomorphic species are strongly hygrophilic, as 
predicted by Howarth (1980). 

We must realize that there is nothing «specia/11 in the process 
of colonization of caves, or the speciation of cavernicoles. Faced 
with a virgin cave, the most successful colonists will be those 
which arrive first and which are best preadapted to the 
cavernicolous niche which they will eventually occupy. But in the 
absence of suitably preadapted competitors, virtually any 
invertebrate can make an adaptive shift to cave life. Speciation 
in caves does not require major climatic changes, or extinction 
of adjacent surface populations, any more than such ocurrences 
are necessary for speciation to occur in any other environment 
(e.g. see White, 1978). As Culver (1982) has pointed out, «it is 
rare to find a population of any cave organism that extends from 
the surface directly into the cave. In most cases it is unlikely that 
gene flow is retarding adaptatiom. He might equally have 
sustituted «speciatiom for «adaptatiom! Typical «troglophiles11, so
called, may be cavernicoles as ancient and, in their own way, as 
highly cave-evolved as most K-selected temperate «troglobites11. 
It is time that biospeleologists ceased to apply inappropriate 

temperate criteria in defining the status of tropical 
cavernicoles. 
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Preliminary Summary of the Subterranean Fauna of the Galapagos 
Islands, Ecuador. 1, 2 

Part I. Introduction and Non-Insect Invertebrates 

Stewart B. Peck and Jarmil/a Kula/ova-Peck 

RESUMEN 

L 'any 1965, N. i J. Le/eup varen descobrir la presencia d'una fauna sense ulls al sol i aigOes subterranies a /'arxipielag de /es 
Galapagos. L 'any 1985 varem explorar per a /'estudi de fauna invertebrada 25 tubs de lava, sotabosc i sol a /es tres ii/es de /es 
Galapagos. Com a resultat, de la fauna freatobita sense ulls, trog/obita i edafobita se 'n coneixen fins ara un total de 15 especies 
invertebrades que no s6n insectes i a mes a mes 17 especies troglofiliques i edafofiliques. 

RESUMEN 

En 1965 N. y J. Le/eup descubrieron la presencia de una fauna sin ojos en el suelo y aguas subterraneas en el .archipielago 
de las Galapagos. En 1985 exploramos para el estudio de fauna invertebrada, 25 tubos de lava, escombros def bosque y suelo en 
las tres is/as de Galapagos. Como resultado, de la fauna freatobita sin ojos, troglobita y edafobita se conocen hasta ahora un total 
de 15 especies invertebradas que no son insectos y ademas 17 especies troglofilicas y edafobitas. 

SUMMARY 

In 1985, N. and J. Leleup discovered the presence of an eyeless soil and groundwater fauna in the Galapagos Archipelago. In 
1985 we searched for invertebrate faunas in some 25 lava tube caves and in forest litter and soil on three islands of the Galapagos. 
As a result, the eyeless phreatobite, troglobite, and edaphobite fauna is now known to total over 15 non-insect invertebrate species, 
and an additional 17 troglophilic and edaphophilic non-insect species. 

The Galapagos Islands have long been known to scientists 
and naturalists for their unique flora and fauna, which has evolved 
in oceanic isolation. Much has been written about the islands 
and their biota, and especially the plants and vertebrates (see 
reviews in Berry 1984, Bowman et al. 1966, 1983; Carlquist 1965, 
1974, Perry 1984, and Thornton 1971). However, the terrestrial 
invertebrates remained comparatively little known. 

N. and J. Leleup of the Musee Royal de l'Afrique Centrale of 
Belgium spent 6 months in 1965 on the Galapagos Islands, 
studying and collecting the invertebrate faunas. The results of 
their collecting have been reported in three volumes (Leleup 1968, 
1970, 1976). Among the interesting results was the discovery of 
an eyeless subterranean fauna in groundwater and soil habitats. 
The Leleups sampled in only three caves, and indirectly suggested 
that a terrestrial troglobite fauna was present, but these species 
have not been described. The presence of an eyeless or 
microphthalmic fauna without close epigean relatives indicated 
to Leleup that this fauna was relictual, and derived from pre
Pleistocene immigrants. He reasoned that the islands were 
consequently older than the some one million years then usually 
suggested for their age. 

Since that work, information on many additional lava tube 
cave locations has become available. We received permits to 
study the soil and cave fauna from the Galapagos National Park 
Service and the Charles Darwin Research Foundation, agencies . 
responsible for preserving these unique areas and for coordinating 
research in them. From 10 May to 16 July 1985, we investigated 
some 25 volcanic caves or cave-like habitats which are described 
in detail elsewhere (Peck and Peck 1986). The purpose of this 
report is to provide a summary of the subterranean fauna reported 
by others, to give a preliminary indication of the taxa we found, 
and to list the caves or other cryptic habitats they occured in. 
Unless otherwise noted, all localities are on Santa Cruz Island. 
An introduction to the early entomology works on the Galapagos 
is in Linsley and Usinger (1966) and Linsley (1977). Because of 
space limitations, detailed references are not given to papers in 

1. Contribution 394 of the Charles Darwin Research Foundation 
2. The invertebrate faunas of tropical American caves, part 10 

the Leleup volumes. References follow part II of this contribution, 
and if deleted because of space limitations, are available from 
the authors. 

Annotated Faunal List 

Phylum Annelida, Class Oligochaeta, Family Enchytraeidae, 
edaphobite 

Pot worms were in abundance in soil banks in Cueva de 
Bellavista no 2. 

These may have been introduced to the island between 1935 
and 1965 (Kastdalen, 1982). 

Phylum Mollusca, Class Gastropoda, Order Stylommatophora, 
Family Subulinidae 

Subulina octona (Bruquiere), troglophile 
These snails were at moist debris in Cueva de Bellavista 

no 2. The species is pantropical and distributed by man. 
Phylum Arthropoda, Class Crustacea, Order Tanaidacea, 

Family Tanaidae 
Tanais stanfordi Richardson, troglophile 
These shrimps were found at Leleup's station G4 (a deep 

crevice with brackish water, at 50 m elev. and 2 km from the 
sea) (Monod, in Leleup 1970). 

Class Crustacea, Order Decapoda, Family Palaemonidae 
Macrobrachium americanum Bate, troglophile 
These shrimps occur at Leleup's stations G4, G6, and G23 

(= Cueva Iguana at Darwin Station) and in a Grieta pool, 100 m 
W of P. Ayora on Tortuga Bay trail. The species is widespread 
from lower California to N. Peru and the Galapagos and Cocos 
islands. 

Order Decapoda, Family Atyidae 
Typhlatya galapagensis Monod and Cals (in Leleup, 1970), 

phreatobite-troglobite 
This shrimp has reduced and pigmentless eyes. It is known 

from brackish subterranean (anchialine) habitats at Leleup's 
station G4, G14, G22, G23 on Santa Cruz, and G14 on lsabela. 
We found it in Cueva de Iguana, Grieta del Pozo de Puerto Ayora, 
and in Grietas at Tortuga Bay, as well as Cueva de la Cadena, 
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Isla lsabela. The genus is otherwise unknnown in the Pacific, but 
blind or small-eyed groundwater species occur in lands in and 
around the Caribbean Basin, and Ascension Island. It was used 
in establishing a «generalized track» in a discussion of vicariance 
Caribbean biogeography (Rosen, 1976, see also Rosen, 1978, 
Hedges, 1982). 

Class Crustacea, Order Amphipoda, Family Melitidae 
Galapsiel/us /e/euporum (Monod), phraeatobite-troglobite 
This very small and blind amphipod (originally placed in 

Paraniphargus) was taken with meat baits in deep subterranean 
fresh water at 5 m elev. at Leleup's station G6 and G22 (brackish 
water accessible by digging, 1 km from Tortuga Bay) and in a 
mangrove tidepool 300 m from the sea near the Darwin Station. 
The genus is thought to be close to and probably derived from 
Eriopisa, a widespread marine genus (Barnard, 1976). 

Class Crustacea, Order lsopoda, Family Philoniscidae 
Colombophi/oscia naevigesta Vandel , edaphobite? 
This depigmented and eyeless terrestrial isopod is known from 

deep crevices and in wet cave entrances at 650 m on Santa 
Cruz summit prairies. The genus is otherwise known from a small 
eyed species from a cave at Banos, Ecuador, and an eyeless 
species from caves at Caripe, Venezuela (Vandel, in Leleup 1968). 
A total of 14 species of terrestrial isopods are known (in 11 
genera) with only 5 endemics in the islands. We found 
undetermined isopods in Cueva de Bellavista no 2 and Cueva 
de Sra. Colombia, and on lsabela in Cueva de Sucre and Cueva 
de Macas. 

Class Arachnida, Order Amblypigi, Family Charontidae 
Charinus insularis Banks, troglophile 
The species was previously known from several islands and 

on Santa Cruz in a cave 3.5 km N of Puerto Ayora (= Cueva 
Kubler) and Cueva de Iguana. We found it in Cueva de Sra. 
Colombia, Cueva de Bellavista no 2, Cuevas de la Finca Kastdalen, 
Cuevita de los Cyathaes, Cuevas de Finca Vargas, Cueva 2 km 
S El Chato, Cuevita al Suroeste de Cerro Banderas, Cuevas de 
Cerro Banderas, and Cueva de Tres Entradas, and on lsabela in 
Cueva de la Cadena. 

Arachnida, Order Acarina, Families undetermined, 
troglophile? 

Undetermined mites were taken in soil and litter in Cueva de 
Bellavista no 2. 

Class Arachnida, Order Schizomida, Family Schizomidae 
Schizomus portoricensis (Chamberlin), troglophile 
We found the species in Cuevas de Bellavista no 1 and 2, 

Cueva de Sra. Colombia, and Cuevas de la Finca Kastdalen. It 
was previously known from the Galapagos from two collections, 
and is a species widespread in the Caribbean, Central America, 
and northwestern South America (Rowland and Reddell, 1977). 

Class Arachnida, Order Aranea, Family Oonopidae 
Gamasomorpha species 2, edaphobite? 
This blind and unpigmented spider occurs in deep dam 

crevices. This and the following blind species of spiders, from 
among all the other 70 G-alapagos spider species, have been 
suggested by Roth and Craig (in Leleup 1970), following Leleup 
(1968: 12-14) to be relicts of pre-Pleistocene ancestors. Spiders 
in this family are often eyeless litter inhabitants. 

Class Arachnida, Order Aranea, Family Pholcidae 
Coryssocnemis sp. 1, troglobite 
This blind and unpigmented spider is known only from Post 

Office Bay Cave, Isla Floreana. The genitalia are said (Roth and 
Craig, in Lelelip 1970) to be identical to those of the widespread 
epigean endemic C. conica Banks (which may be the ancestor) 
but the legs are longer in the cave species. 

Coryssocnemis sp. 2, troglobite 
Found in Cuevas de Bellavista no 1 and 2, Cueva de Sra. 

Colombia, Cuevas de la Finca Kastdalen, Cueva de Huesos 
Cuevas de Vargas, and Cuevas de Cerro Banderas. ' 

Coryssocnemis sp. 3, troglobite 
This eyeless species was found in Cueva Sucre, Isla 

lsabela. 
Coryssocnemis conica Banks, troglophile 
Found near the entrance of Cueva de Sra. Colombia and on 

lsabela in Cueva de la Cadena. This epigean endemic species 

may be the ancestor of the above troglobites. 
Class Aranea, Family Pisauridae, Subfamily Rhoicininae 
New genus and species, troglobite 
This spider is known only from unspecified deep, damp 

crevices or caves. It has only 6 unpigmented eyespots, while all 
mainland relatives have 8 eyes (Roth and Craig, in Leleup 1970). 

Aranea, Family Prodidomidae (= Gnaphosidae) 
New genus and species, troglobite 
This blind and unpigmented spider (listed as Lygromma sp) 

is known only from unspecified deep, damp crevices or caves 
(Roth and Craig, in Leleup 1970). 

It may be the species we found in Cueva de Bellavista no. 2 
and Cuevas de Vargas. 

Aranea, Family Theridiidae 
Theridion sp., troglobite 
This blind and unpigmented spider was mentioned from 

unspecified caves and deep, damp crevies (Roth and Craig, in 
Leleup 1970). We found this species in Cueva de Sra. Colombia, 
Cuevas de Cerro Banderas, Cueva de Tres Entradas, and Cueva 
de Cerro Banderas. 

Aranea, Family Theridiidae 
Theridion sp., troglophile 
This eyed species was found in the entrance zone in Cueva 

2 km S El Chato, and on lsabela in Cueva de Macas, and Cueva 
de la Cadena. 

Aranea, Family Scytodidae 
Scytodes sp., troglophile 
This species occurs in cave entrances in Cuevas de Vargas, 

Cueva de Iguana, Cuevas de la Finca Kastdalen, and on lsabela 
in Cueva de Macas. 

Aranea, Family Salticidae 
Darwinneon crypticus Cutler, accidental 
This endemic species was found in litter in the bottom of 

Cueva de Iguana at the Darwin Station. It is also known from 
upper Scalesia forest (Cutler 1971 ). 

Aranea, other families, accidentals or troglophiles 
lschnothyreus sp. (Cuevas de Vargas) ; Zosis geniculatus 

(Cueva 2 km S. El Chato, Cueva de Iguana); Philoponella sp.? 
(Cueva de Macas); Orchestina sp. (Cueva Bella Vista no. 2); 
Metepeira sp. and Argyrodes nephilae (both in Cueva de 
Cadena). 

Order Opiliones, Family Gonlyleptidae, subfamily 
Prostyginae 

Galanomma microphtha/ma Juberthie, edaphophile, 
troglophile 

This endemic genus and species of harvestman, with unusually 
small (regressed) and unpigmented eyes, is known from litter in 
a deep crevice near the Darwin Station, and other sites up to 
700 m elev. The affinities are with south and Central America 
where 13 genera in the subfamily occur. The species is considered 
the most primitive in the family (Juberthie, in Leleup 1970). We 
found it in Cuevas de la Finca Kastdalen, Cuevas de Cerro 
Banderas, and Cuevita al Suroeste de Cerro Banderas. 

Order Scorpiones, Family Vejovidae 
Hadruroides /unatus Koch, troglophile 
This scorpion was found in Cueva de la Cadena on lsabela. 

It is widespread in the islands. 
Order Pseudoscorpiones, Family Chelonethidae 
Morikavia a/bida Bier, edaphophile 
This reduced-eyed species was found under rocks in a deep 

crevice in a cave entrance near the summit of Santa Cruz (Bier, 
in Leleup 1976). 

Order Pseudoscorpiones, Family Chelonethidae 
Pseudochthonius ga/apagensis Bier, edaphophile 
This species has eyes reduced to only tiny pigmented specks, 

and was found in litter in a crevice 1 km from the beach of 
Tortuga Bay, and in debris in Cueva de Iguana (Bier, in Leleup 
1976). 

Order Pseudoscorpiones, Family Chelonethidae 
Parachernes galapagensis Bier, edaphophile 
This species has eyes reduced to indistinctive spots, and was 

found in litter at the base of a crevice 1 km from the beach of 
Tortuga Bay. A total of 18 species of Pseudoscorpions are now 
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reported from the Galapagos (Bier, in Leleup 1976). 
Class Diplopoda, Order Polydesmida, Family 

Paradoxosomatidae. 
Oxidus graci/is (Koch) troglophile 
This is a pan-tropical milliped, carried by commerce. It is 

known in caves in Jamaica, and was found in Cuevas de Finca 
Vargas, and elsewhere. 

Class Diplopoda, Order Polydesmida, Family Pyrgodesmidae 
New Genus and species, Edaphobite and troglophile 
This tiny eyeless milliped was found in Cueva de Bellavista 

no. 2 and in forest soil outside of the cave. It may have been 
introduced in soil around plant roots. 

Class Diplopoda, Order Polydesmida, Family Pyrgodesmidae 
Nesodesmus insulanus Chamberlin, edaphobite 
This eyeless milliped has been recorded only from Tower 

Island, but we found it in forest soil on Santa Cruz and lsabela, 
as well as in Cuevas de Finca Vargas, Cuevas de Cerro Banderas, 
Cuevita al Suroeste de Cerro Banderas, Cuevas de Finca 
Kastdalen, Cueva de Bellavista, and on lsabela in Cueva de Sucre. 

Class Symphyla, Family Scutigerellidae 
Hanseniella sp. edaphobite and (troglophile) 
All symphylans are eyelees soil inhabitants. This genus is 

widely distributed in warm tropical regions and contains about 
60 species. We found symphylans in Cueva de Bellavista no. 1 
and no. 2, and in Cueva de Finca Vargas. 
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Hexapoda, Class Collembola, Order and Family 
undetermined. 

Fourteen species of collembola have been found. on the 
Galapagos, and 4 were described as endemic (Jacquemart, in 
Leleup 1976). We found undetermined species in Cueva de 
Bellavista no. 1 and no. 2, Cuevita de los Cyatheas, and Cueva 
de Iguana. 

Hexapoda, Class Diplura, Family Campodeidae 
Lepidocampa zeteki Folsom, edaphobite and (troglophile) 
Reported from Cueva Kubler (as an unnamed cave 3.5 km 

NW Puerto Ayora) and other Galapagos sites (Paclt, in Leleup 
1976). We found it in Cueva de Bellavista no. 2, and on rat 
droppings in Cuevita al Suroeste de Cerro Banderas. This blind 
soil species is also known from many mainland Central and South 
American localities. It may have been carried by man. 

Hexapoda, Class Diplura, Family Parajapygidae 
Parajapyx isabel/ae (Grassi), edaphobite 
This eyeless soil species is known from litter in Scalesia forests. 

The species is cosmopolitan and widespread in the United States 
(Reddell, 1983). It may have been introduced by man. 

Department of Biology 
Carleton University 
Ottawa, Ontario Canada K1 S 5B6 

(613) 564-5560 

Preliminary summary of the subterranean Fauna of the Galapagos Islands, 
Ecuador. Part II. The insects, evolution, and biogeography 

RESUM 

Stewart B. Peck and Jarmila Kuka/ova-Peck 
Departments of Biology and Geology, Carleton University, Otawa, 
Canada. 

La fauna d'insectes de las cuevas i sol de Jes Galapagos se sap que consta d'11 especies trog/obies i edafobies, 9 troglofiles 
i 3 trogloxenes. Una ana.lisi de la fauna d'invertebrats que viuen a Jes coves, sol i aigues mostra que la ceguera ha estat desenvolupada 
in situ des dels avantpassats amb ulls, pero tambe que algunes de Jes especies han d'esser descendents d'avantpassats habitants 
de/ sol que ja eren cecs quan varen arribar a Jes ii/es. Aquesta es almenys una excepci6 a la generalitzaci6 de que la ceguera de/s 
artropods (edafobis) de/ sol tenen molt poca tendencia a la dispersi6, especialment cap a Jes ii/es tropicals de /'ocea. 

RESUMEN 

Se sabe que la fauna de insectos de las cuevas y sue/o de las Galapagos consta de 11 especies troglotas y edafobitas, 9 
trog/6fi/os i 3 trogloxenos. Un ana.lisis de la fauna invertebrada de las cuevas, sue/o y aguas subterra.neas indica que la ceguera ha 
sido desarrollada in situ desde los antepasados con ojos, pero que tambien a/gunas de las especies deben de ser descendientes 
de antepasados habitantes de/ suelo que ya eran ciegos cuando 1/egaron a las is/as. Esta es al menos una excepci6n a la 
generalizaci6n de que la ceguera de los antr6podos (edajobios) tienen poca tendencia a la dispersion, especialmente hacia las is/as 
tropicales de/ oceano. 

SUMMARY 

The cave and soil insect fauna of the Galapagos is now known to contain 11 trog/obites and edaphobites, 9 trog/ophi/es, and 
3 trogloxene species. An analysis of the entire cave, soil, and groundwater invertebrate fauna indicates that eye/essness has 
developed in situ from eyed ancestors, but also that some of the species must be descendants from ancestors which were already 
eyeless soil inhabitants when they reached the islands. This is at least an exception to the generalization that eyeless soil arthropods 
(edaphobites) are very poor dispersers, especially to tropical oceanic islands. 

Annotated faunal list of lnsecta (s. str.) 
Class lnsecta, Order Thysanura, Family Nicoletiidae 

Nicoletia meinerti Silvestri, edaphobite and troblophile 
Found at baits in Cueva Bellavista no 2 as well as in soil and 

debris near Cueva Iguana. The species is widespread on the 
mainland of South America in Ecuador and elsewhere, inclunding 
west Africa, Hawaii, and the Marquesas Islands (Wygodzinsky, 

1967). Its presence on the Galapagos is viewed as an introduction 
by man (Paclt, in Leleup 1976), but we think it is a native because 
we found it on Isla Espanola, which has never been colonized. 

Class lnsecta, Order Blatodea, Family Blateridae 
Pycnoscelis surinamensis (Linn.), troglophile 
Found in Cueva de Iguana, Cueva de Sra. Colombia, Cuevas 

de Finca Kastdalen, and Cueva de Bellavista no. 2. This is and 
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introduced and parthenogenetic species, ocurring on many of the 
islands, and in many tropical caves. 

Order Blatodea, Family Blattidae 
Periplaneta americana (Linn.), troglophile 
This roach was found in Cueva de Bellavista no 2, Cueva 2 

km S El Chato, on lsabela in Cueva de la Cadena and on Floreana 
in Post Office Bay Cave. It is an introduced species, tropicopolitan 
in distribution, and a frequent cave inhabitant. 

Order Blatodea, Family Blatellidae 
/schnoptera , new species, troglobite 
This eyeless and depigmented roach is known only from Cueva 

de Bellavista no 2. The genus occurs in South America, and 
contains over 60 species. 

Order Orthoptera, Family Gryllidae 
New genus and species, troglobite? 
This eyeless and depigmented cricket is known only from 

immatures collected in Cueva de Bellavista no. 2. 
Order Orthoptera, Family Gryllidae 
New genus and species, edaphobite? 
This eyeless and depigmented species, seemingly closely 

related to the previous species, is known only from litter in the 
fern-sedge zone, Campanento de las Pumas, about 640 m elev., 
on the S slopes of Sierra Negra, lsabela. 

Order Dermaptera, Family Carcinophoridae 
Anophthalmolabis leleupi Bridle, edaphobite 
This eyeless earwig is known only from soil and litter in Cueva 

de Iguana. The species seems most closely similar to Aniso/abis 
caeca Borelli known from woil in Santa Fe Province, Argentina 
{Brindle, in Leleup 1968). 

Anophthalmolabis n. sp., edaphobite 
This eyeless earwig is known only from litter in the fern-sedge 

zone, Campanento de los Pumas, about 640 m elev., on the S 
slopes of Sierra Negra, lsabela. 

Order Hemiptera, Family Veliidae 
Microve/ia ashlocki Polhemus, troglophile 
Cueva de Iguana, on pool surfaces. Apterous and 

macropterous adults of this endemic species are known from 
surfaces of salt and freshwater pools and on pools in deep 
crevices on Santa Cruz, and Isla Darwin (Froeschner, 1985). 

Order Hemiptera, Family Cydnidae 
Dal/asiellus murinus (Van Duzee), troglophile? 
In soil in Cueva de Macas, lsabela. The species occurs on 

several islands and in mainland Ecuador, where it may be a recent 
introduction (Froeschner, 1985). 

Order Hemiptera, Family Reduviidae, Subfamily Emesiinae 
Ploiaria macrophthalma (Dohrn), troglophile 
On dark overhanging rocks in Cueva de Iguana. The species 

is pantropical in distribution and occasionally occurs in caves 
(Froeschner, 1985). 

Order Coleoptera, Family Carabidae, Tribe Anillini 
Mystoceridius basilewskyi Reichardt, edaphobite 
This very small, eyeless ground beetle is known from humus 

in a deep crevice at Tortuga Bay, and in Sca/esia litter near Los 
Gemelos (Franz, 1978). It seems most close to Rhegmatobius of 
the Mediterranean region, but the South and Central American 
fauna of this tribe is poorly known (Reichardt, in Leleup 1970). 
The group occurs virtually worldwide but is scattered in 
distribution and all species, except some in New Zealand, are 
completely eyeless. They are presumed to have an extremely low 
vagility (Moore, 1980), but could be dispersed by man in soil 
around the roots of nursery stock and other plants. However, the 
occurrence near Tortuga Bay and in Scalesia forest, far removed 
from agricultural regions, does not suggest introduction of the 
species by man. Only three species in three genera of Anillines 
are known in South America, in Peru, Brazil, and Chile (Mateu, 
1980). 

Mystoceridius wittmeri Franz, edaphobite 
Known only from near the spring on the Witmer farm in the 

highlands of isla Floreana (Franz, 1978). 
Family Staphylinidae, Subfamily Staphylininae, Tribe 

Staphylinini 
Be/onuchus rufipennis Fabricius, troglophile? 
Cueva de Bellavista no 1. The species is widespread in North, 

Central, and South America (Coiffait, 1981). 
Family Staphylinidae, Subfamily Paederinae, Tribe Pinophilini 
New genus and species, troglobite 
Cueva de Bellavista no 2. This completely eyeless and long-

legged, large staphylinid is known only from one male. 
Order Coleoptera, Family Tenebrionidae 
Ammophorus cavernico/a Kaszab, edaphobite? 
This small darkling beetle has eyes reduced to 3 facets, and 

was found under rocks on the summit crater near «Horse Cave». 
Ten species in the genus occur on the Galapagos, and several 
in coastal South America (Kaszab, in Leleup 1970; Van Dyke, 
1953), and one has been introduced to Hawaii. 

Menimopsis (Caecomenimopsis) leleupi Kaszab, edaphobite 
This tiny eyeless darking beetle is known only from Santa 

Cruz under deeply buried stones in humid forest at 200 m, and 
we took it in Cueva de Iguana at banana baited pit traps. The 
genus is known to contain one other eyeless species from lguazu, 
southern Brazil, and 3 others from the Caribbean islands of 
Jamaica and St. Vincent (Dajoz, 1975). The most closely related 
genera are eyeless or have small eyes, and occur in Mexico, 
Jamaica, Panama, and St. Vincent (Dajoz, 1975; Kaszab, 1977; 
Lawrence and Doyen, 1979). 

Order Coleoptera, Family Curculionidae 
Genus and species undetermined, troglophiles? 
Litter and soil weevils were found in Cueva de Bellavista no 

2, and Cueva de Iguana. 
Order Diptera, Family Phoridae 
Genus and species undetermined, troglophile 
These flies were taken on baits in Cueva de Iguana, and 

Cueva de Bellavista no 1 and no 2. They are common in caves 
in many regions. 

Order Diptera, Family Tipulidae 
Limonia (Dicranomya) ga/apagoensis Alexander, trogloxene 
This craneflies occur in large swarms in many moist caves 

and were collected in Cueva de Finca Vargas, Cuevas de Cerro 
Banderas, and in small caves near Puntudo in the Santa Cruz 
highlands. The species is an endemic. 

Order Diptera, Family Drosophilidae 
Drosophila (willistoni group) sp., trogloxene 
Fruit flies were found in abundance at banana baits in Cueva 

de Iguana. Order Diptera, Family Sphaeroceridae 
Genus and species undetermined, troglophile? 
These flies, frequently common in caves, were found only in 

Cueva de Iguana. Four species are known from the islands. 
Order Diptera, Family Sciaridae 
Genus and species undetermined 
These scavenging flies were on debris in Cueva de Bellavista 

no 1 . Order Hymenoptera, Family Formicidae 
Wasmannia auropunctata (Roger), trogloxene? 
This introduced fire ant is abundant and dominant on some 

of the islands and is probably causing the elimination of much 
of the native soil and litter arthropod faunas (Clarck et al., 1982; 
Lubin, 1985). We found it entering caves via plant roots hanging 
from cave ceilings in Cueva de Bellavista no 2, and Cueva de 
Macas on lsabela. 

Order Hymenoptera, Family Formicidae 
Genus and species undetermined, trogloxene 
These ants were foraging at the edge of the pool in the back 

end of Cueva de la Cadena, on lsabela. 

Discussion 

Comparison with Hawaii. Zimmerman (1944) indicated that an 
endemic soil insect fauna was absent in Hawaii, suggesting that 
it was because these organisms were poor disperses to oceanic 
islands. Certainly, the above lists show that there is an endemic 
diverse, and highly evolved arthropod fauna in soil, litter, cave: 
and groundwater habitats in the Galapagos. 

Earlier generalizations did not predict that cave faunas would 
commonly occur on oceanic islands or in tropical areas (Vandel, 
1965). Howarth (1973) demonstrated the presence of a lave tube 
cave fauna in Hawaii (and that fauna has now grown to about 
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30 eyeless cave species), and !Iliffe et al. (1984) have reported 
faunas of endemic cavernicolous marine invertebrates from 
flooded lava tubes in the Canary Islands. Parallels exist between 
the cave faunas of Hawaii and the Galapagos, in that both contain 
eyeless amphipods, isopods, spiders, pseudoscorpions, crickets, 
and earwigs, although these cave-soil invasions were independent 
and were accomplished by different ancestral groups on the two 
archipelagos. Differences also exist in that Hawaii has eyeless 
species of a terrestrial amphipod, collembola, and mesoveliid, 
reduviid , and cixiid bugs, while the Galapagos have an eyeless 
harvestman, cockroach, and staphylinid beetle. In the Galapagos 
some of these eyeless terrestrial taxa seem more eurytopic in 
that they were not found in one habitat only, but occur 
simultaneously in caves, soil , and/or deep litter. 

Biogeographic implications. Rose (1975) offered a model in 
which the present Galapagos are the westerly part of an 
archipelago whose more easterly components formerly served as 
stepping stones for dispersal, and which have since subsided. 
This view would hold that the islands are not truly oceanic, and 
would allow up to 40 million years for the origin of the endemic 
species on them. The alternative and more orthodox view is that 
the islands have always been oceanic, were formerly more distant, 
and have come closer to South America as the Nazca plate (on 
which they ride) , has been subducted under South America (Cox, 
in Bowman 1983). 

Recent geological work indicates that the Galapagos have 
been available for colonization by terrestrial life for 3-4 million 
years (Bailey, 1976; Hall , 1983; Hickman and Lipps, 1985) and 
that they are about the same age as the Juan Fernandez Islands 
(compare Kuschel , 1963 with Stuessey et al., 1984). Within this 
period of time the fauna has arrived by four possible transport 
mechanisms as recognized by Zimmerman (1944) for Hawaii: 
1) being carried by man; 2) through the air by winds; 3) through 
the aid organisms such as birds; and 4) over the sea by rafting 
or marine drift. Porter (1976) analyzed the origin of the Galapagos 
flora in these categories. Because of space limits, only the eyeless 
fauna is considered further. Conclusions about species may 
change as more information in learned about them. 

1. Transport by man. Some widespread soil species such as 
the symphylan, diplurans, and a milliped may have reached the 
islands in soil around the roots of plants carried by man. These 
species are most common in soils in disturbed and colonized 
parts of the islands. 

2 and 3. Aerial transport by birds and winds. Some 
invertebrates such as balooning spiders, may have used this 
mechanism, but there is little to suggest that this is common for 
soil and cave species. It is more likely that this was used for 
dispersal by their ancestors (see Howden, 1977). 

4. Marine drift is a reasonable hypothesis for the arrival of 
the marine and brackish water crustaceans. It is also very likely 
for the terrestrial invertebrates, especially after one sees the great 
quantities of vegetation being rafted down the Guayas River and 
out to sea (at Guayaquil , Ecuador), and into the ocean currents 
which proceed directly NW to the Galapagos. Also, many large 
trunks, stumps and logs of forest trees are to be seen washed 
up on the eastern and souther shores of the islands. However, 
even though marine drift can transport arthropods, the colonists 
had to be able to withstand the usually harsh, hot, and arid 
conditons of the coastal zone of the islands. Eyeless soil faunas 
are generally though to be of low vagility or poor dispersers partly 
because they require the protection of their soil environment. 
Their presence in the Galapagos raises questions about the 
origins of Galapagos species. 

Evolutionary implications. Eyelessness resulted as species 
adapted to cave and soil environments in organisms such as the 
shrimp, amphipod, spiders, harvestman, pseudoscorpions, roach, 
and staphylinid. Where more than one eyeless species is known, 
they may have descended convergently from a widespread eyed 
ancestor such as in the pholcid spiders, and perhaps the two 
crickets and earwigs. However, some of the eyeless species are 
in taxa with the closest phyletic ancestors occuring on the 
mainland which are also eyeless. Examples are a milliped , the 
thysanuran, and the carabid and tenebrionid beetles. The most 

parsimonious explanation for these is that they descended from 
eyeless mainland ancestors which dispersed to the islands in an 
already eyeless condition. That this has happened in the 
Galapagos should warn one that soil faunas may have more 
vagility than previously supposed, and their presence may not 
be proof of previous land bridges, or former continental 
connections. 

Leleup (1965: 1968) suggested that the cryptic fauna may 
represent relictual fauna! elements of ancient and otherwise 
extinct groups that colonized the Galapagos in the mid-Tertiary. 
We do not see clear evidence of this, although the relationships 
of some of the fauna are still obscure. Howarht (1982, 1983) 
suggests that the Hawaiian cave fauna represents another 
example of a rather rapid island adaptive radiation from a limited 
ancestral fauna. This may also be the case for the Galapagos. 
Both archipelagos lack the «pre-adapted» groups which seem to 
be ancestral to so much of continental cave faunas. The influence 
of Pleistocene climatic change as a mechanism promoting the 
occupation of subterranean environments is a strong component 
of evolutionary scenarios for continental cave faunas. From 
evidence in laked bed cores, the Galapagos are now known to 
also have climatic fluctuations in the late Pleistocene, and 
probably earlier (Colinvaux, 1972; Colinvaux and Schofield 1976a, 
1976b). 

Continued field work with cave and soil arthropods is planned 
in the Galapagos and it will be difficult and expensive, but there 
must yet remain many unknown taxa that will contribute to an 
understading of the evolution of this archipelago, and of cave, 
ground water, and soil arthropods in general. 
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Hallazgo de una nueva colonia de hibernaci6n para Miniopterus schreibersi en 
Cataluiia 

J. Serra-Cobo y A. Montori 
Departamento de Zoologfa. Fae. de Biologfa. Barcelona. 

RESUM 

Des de /'any 1952 se sap que /'avenc de/ Davi allotja unimportant contingent de Miniopterus schreibersi, procedent de diversos 
mdre ts de Catalunya i de/ sud de Franr;a (BALCELLS 1962, 1964; NADAL et al. 1968). Durant molt de temps aquesta cavitat ha 
constitui't /'unic 1/oc d'hivernaci6 massiva d 'aquesta especie. Malgrat tot, des de/ 1.983, horn va sospitar /'existencia d 'una nova 
poblaci6 prou important situada mes al sud. Toti haver-se intensificat la prospecci6, aquesta hipotesi no s'ha pogut confirmar fins 
a finals de la tardor de 1.985. 

La trobal/a d'aquesta colonia te importants connotacions ecologiques i bio/ogiques per a un mil/or coneixement de/ comportament 
de M. schreibersi a/ N.E. i 1/evant espanyols. 

En aquesta comunicaci6 s 'exposaran /es caracterfstiques d 'aquesta nova pob/aci6 i de la cavitat que l 'allotja, detallant, a/hora, 
/es nombroses repercussions i hipotesis sorgides arran d 'aquest descobriment. 

RESUMEN 

Desde 1952 se sabe que el Avenc del Dav[ alberga un importante contingente de Miniopterus schreibersi procedentes de 
d1st1ntas partes de Catalunya y del sur de Francia (BALCELLS 1962, 1964; NADAL et al. 1968). Durante mucho tiempo esta cavidad 
ha constituido la unica cita de hibernaci6n masiva de esta especie. No obstante desde 1983 se crey6 en la existencia de otra 
poblaci6n importante situada mas al sur. A pesar de haber intensificado la prospecci6n esta hip6tesis no se ha podido confirmar 
hasta finales de otorio de 1985. 

El hallazgo de esta colonia tiene importantes connotaciones ecol6gicas y biol6gicas para un mejor conocimiento del comportamien
to de M. schreibersi en el NE y levante espariol. 

En esta comunicaci6n se expondran las caracterfsticas de la nueva poblaci6n encontrada y de la cavidad albergante, a la vez 
que se detallan las numerosas repercusiones e hip6tesis que surgen a rafz de este descubrimiento. 

SUMMARY 

It has been known since 1952 that the cave called Avenc del Dav[ shelters a large group of Miniopterus schreibersi form different 
parts of Catalonia and the south of France (BALCELLS, 1962, 1964; NADAL et al. , 1968). For a long time this was the only cavity 
known to be a mass hibernating roost for this species. In 1983, however, the existence of another large population farther south 
began to be suspected. But despite the intense search to locate it, this hypothesis could not be confirmed until the end of the 
1985 autumn season . 

The discovery of this colony has important ecological and biological implications for a better knowledge of the behaviour of M. 
schreibersi in the NE and eastern regions of Spain . 

This paper presents the characteristics of the newly found population and of the cavity that shelters it, and reports the many 
repercussions and hypotheses that derive from this finding . 

lntroducci6n 

Durante mucho tiempo el Avenc del Dav[ ha constituido la 
unica localidad de hibernaci6n importante para el murcielago de 
cueva Miniopterus schreibersi en el NE espariol , siendo objeto 
por ello, de un gran numero de trabajos cientfficos entre los que 
destacan los estudios sobre las migraciones (BALCELLS 1954, 
1956 b, 1959 b, 1962, 1964 a y b; HEYMER 1964; NADAL et al. 
1968; GARGALLO 1970; VIVES, E. y M., 1978; SALVAYRE 1980 
y BROS, MIRALLES y REAL, 1981 ). Dichas investigaciones aporta
ron abundante informaci6n sobre el comportamiento de esta espe
cie en el sector NE de Cataluria y SE trances. Sin embargo, 
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quedaba todavfa un gran vacfo prospectivo en el area meridional 
catalana. Asf pues, en 1983 se empez6 a prospectar el macizo 
tarraconense de la Mussara con la finalidad de hallar un nuevo 
refugio de hibernaci6n, que paliase en parte esta laguna anterior
mente comentada. Se escogi6 esta zona por su situaci6n geografi
ca y sus caracterfsticas fisiograficas . No obstante, hasta diciem
bre de 1985 no se pudo verificar su existencia. El hallazgo de 
esta agrupaci6n invernal posibilita efectuar numerosos estudios, 
al igual como sucedi6 en el avenc del Davf, que permitiran conocer 
mejor el comportamiento, la distribuci6n , la biologfa y las preferen
cias ecol6gicas de M. schreibersi. 

agradecemos la colaboraci6n prestada por: Dr. E. BALCELLS 
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Fig. 1. Topografia def Avenc de Puig d 'en Ma((; (BORRAS, J. , Ml/VARRO, J.M. y TALAVERA, F., 1978) en la que se indica con un-., la situaci6n de /os Rhinolophus 

ferrum-equinum y con una • la colonia de Miniopterus schreibersi. 

R., N. MACH, J. F. GUASCH, F. PAUNE y a todos aquellos que 
han participado de una forma u otra en esta investigaci6n. 

Resultados 

La sima se halla ubicada en el municipio de La Riba a 665 
metros de altitud, en un terreno de calizas del Muschelkalk. El 
primer tramo de la cavidad esta constituido por una rampa al 
final de la cual se encuentra un pozo de unos 12 metros de 
profundidad. Este desemboca en la galeria principal que esta 
muy dividida y accidentada debido a la presencia de una gran 
cantidad de bloques. La profundidad de la sima es de 48 metros 
y su recorrido de 235 metros (J . BORRAS, J. M. MINARRO y F. 
TALAVERA, 1978). 

Se efectuaron tres visitas a esta cavidad: la primera el 1 de 
junio de 1985 en la que se observaron unos 35 M. schreibersi 
situados de forma dispersa, algunos de ellos estaban en estado 
de hibernaci6n, y 2 Rhino/ophus ferrum-equinum; la segunda pros
pecci6n tuvo lugar el 8 de diciembre de 1985, encontrandose 
unos 40 Rh. ferrum-equinum en una sala contigua a la parte 
inferior del pozo de entrada y una colonia de 3.500 a 4.000 M. 
schreibersi distribuidos en tres agrupaciones separadas, en la 
zona mas profunda de la sima (ver fig . 1 ); finalmente, la tercera 
prospecci6n s"e efectu6 el 12 de enero de 1986, observandose 
al igual queen la anterior, las agrupaciones de Rh. ferrum-equinum 
-unos 34 individuos- y las de M. schreibersi -aproximadamente 
el mismo numero queen la visita anterior- (fig. 1). En esta ultima 
inspecci6n se registr6 la temperatura y la humedad relativa de 
la sala de hibernaci6n de los murcielagos de cueva, siendo de 
9° C y del 91 % respectivamente. En las dos ultimas camparias, 
se capturaron animales para poder obtener una muestra y estimar 
asi el sex-ratio, la longitud del antebrazo y el peso poblacional. 

Los resultados se resumen a continuaci6n en las tablas I y II. 

TABLA I 

T amafio de la muestra 
N.o de machos 
%de machos 
N.o de hembras 
% de hembras 
Sex-ratio 
Antebrazo: x = 46,31; Sx = 0.744; n = 100 
Peso:x = 15, 1; Sx = 1.249; n = 99 

126 
71 

56.35 
55 

43.65 
1:0.77 

Tabla I. Resultados de la visita efectuada el 8 de diciembre de 1985 al Avenc de 
Puig d'en Man;: . Para estimar el sex-ratio se ha tornado una muestra de 126 ejempla
res, mientras que para hallar la media y la dispersion del antebrazo y del peso se 
han controlado 100 y 99 animales respectivamente. 

TABLA II 

Tamafio de la muestra 
N.0 de machos 
% de machos 
N. 0 de hembras 
% de hembras 
Sex-ratio 
Antebrazo: x = 46,42; Sx = 0,772; n = 58 

455 
230 

50.55 
225 

49.45 
1:0.98 

Tabla II. Resultados de la visita efectuada el 12 de enero de 1986 al Avenc de Puig 
d 'en Man;: . Para estimar el sex-ratio se ha tornado una muestra de 455 individuos,_ 
mientras que para hallar la media y la dispersion del antebrazo se han controlado 
58 ejemplares. 

Se han comparado las longitudes del antebrazo y los pesos 
de las poblaciones del Avenc del Davi y del Avenc de Puig d'en 
Marc;:, mediante la prueba estadistica de la Ode Student. El valor 
de D obtenido para el antebrazo, al comparar las muestras obteni
das el 15 de diciembre de 1984 en el Avenc del Davi y el 8 de 
diciembre de 1985 en la sima objeto del presente estudio, es de 
0.710 con 236 grados de libertad, mientras que para el peso da 
un valor de D = 0.462 con 228 grados de libertad, habiendose 
obtenido las muestras el 21 de noviembre de 1985 en el Avenc 
del Davi y el 18 de diciembre de 1985 en el Avenc de Puig d'en 
Marc;:. 

Discusi6n 

Como ya se ha comentado anteriormente, el hallazgo de esta 
cavidad, situada en la parte meridional de Cataluria, tiene una 
gran importancia para el conocimiento de la actividad biol6gica 
y ecol6gica de M. schreibersi en el NE espariol y sur de Francia. 
El estudio de esta colonia invernal permitira conocer las relaciones 
existentes con los otros refugios de hibernaci6n (principalmente 
el Avenc del Davi y las cavidades del sur trances). Tambien 
posibilitara obtener nueva informaci6n sobre el area de distribu
ci6n del contingente de quir6pteros del Avenc de Puig d'en Marc;: 
durante el perfodo no invernal. Asi caben destacar las relaciones 
que tiene este refugio de invierno con el Avenc del Davi (situado 
en el macizo de Sant Llorenc;: del Munt cerca de Terrassa), no 
solament~ por lo que hace referencia a las caracteristicas de 
ambos biotopos (se comentaran mas adelante), sino por el inter
cambio de animales entre las dos cavidades que se ha podido 
comprobar en distintas ocasiones mediante la tecnica del anilla
miento. El hallazgo del Avenc de Puig d'en Marc;: ayuda a compren
der mejor los movimientos migratorios hacia el sur desde la sima 
de Sant Llorenc;: del Munt y en general de los desplazamientos 
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Fig. 2. Representaci6n grafica de la distribuci6n poblacional y por sexos de las longitudes del antebrazo de los individuos del Avenc de Puig d 'en Marc;: . 

que efectua esta especie en la parte meridional de Cataluna, de 
los que hasta la fecha se tiene muy poca informaci6n. La intrinseca 
relaci6n entre estos dos refugios de hibernaci6n queda bien pa
tente, al comprobar que uno de los murcielagos capturados el 8 
de diciembre de 1985 en el Avenc de Puig d'en Marc;:, fue visto 
el 15 de diciembre de 1985 en el Avenc del Davi. 

Es probable que la migraci6n entre estas dos cavidades se 
realice a traves de la depresi6n del Penedes y no por la linea 
de costa a traves del macizo del Garraf. Este hecho cabria atribuir
lo al gran incremento de la actividad humana en la zona, su 
alteraci6n y su excesiva sequedad, factores que probablemente 
actuarian de forma negativa en la utilizaci6n de este macizo como 
via de paso o residencia. 

Asi pues, existe un intercambio de individuos anual, mas o 
menos pequeno, ~ntre los refugios de hibernaci6n. Este hecho 
ya fue observado por BALCELLS (BALCELLS, 1962, 1964 y NA
DAL et al 1968) entre el Avenc del Davi y la cueva del sur trances 
de Fuilla. A la vista de estos resultados, cabe pensar que una 
pequena parte de los murcielagos de cueva pude ir variando de 
residencia de invernaci6n a lo largo de la costa mediterranea. En 
este sentido, el Avenc de Puig d'en Marc;: podria tener conexi6n 
con poblaciones mas surenas (Castell6n y Valencia) . Hip6tesis 
que se verificara en posteriores estudios. 

Una parte de esta agrupaci6n de invierno, probablemente 
migrara en primavera a traves del valle del Francoli, hacia la 
Cataluna continental , remontando por los valles del Segre y las 
Nogueras hasta su residencia veraniega. 

Cabe destacar la similitud existente entre las dos simas de 
hibernaci6n conocidas en Cataluna, tanto a lo que se refiere a 
condiciones ambientales interiores, situaci6n respecto al mar y 
localizaci6n de la sala de hibernaci6n, como a las caracteristicas 
de sus poblaciones de murcielagos. Asi en ambas cavidades el 
lugar donde estan aletargados los quir6pteros, se halla en la 
parte mas profunda de la cavidad, presentado una temperatura 
y humedad relativa parecida. Esta situaci6n cabe atribuirla a dos 
factores : la busqueda de un microclima constante (sobre todo 
por lo que hace referencia a la temperatura) y su ubicaci6n en 
un lugar que ofrezca mayor seguridad. 

Los resultados del test de la O de Student para comparar el 
peso y la longitud del antebrazo de los individuos que forman 
las colonias del A✓enc del Davi y del Avenc de Puig d'en Marc;:, 
muestran que entre estas dos poblaciones no hay diferencias sig
nificativas. 

Otra caracteristica coincidente entre ambas simas, es la pre
sencia de Rh. ferrum-equinum, siendo mucho mas numerosa la 
poblaci6n de la cavidad tarraconense. 

Por lo que hace referencia a las longitudes del antebrazo (fig. 
2), se puede ver que existe un cierto desplazamiento hacia la 

derecha en la distribuci6n de las hembras, lo cual indicaria que 
una parte de estas tiene el antebrazo ligeramente mayor que los 
machos. 

Finalmente cabe senalar, que .el hallazgo de la colonia del 
Avenc de Puig d'en Marc;: bifocaliza temporalmente el estudio de 
M. schreibersi en Cataluna y abre una amplia gama de posibilida
des e hip6tesis, asi como sugerentes lineas de investigaci6n. 
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The Parietal Association in British Caves 

G. T. Jefferson 
Department of Zoology, University College, Cardiff, UK 

RESUM 

«L 'associaci6 parieta/>1 (sensu Jeane/) s'ha pogut estudiar en una serie de cavitats britaniques. Consisteix en una tipica associaci6 
d 'un cert nombre d'especies, principalment artropodes, amb Jes parets i sostres de/ vestfbuls de Jes cavitats, ja sia durant tot /'any 
o nomes estacionalment. Segons aquest criteri podem c/assificar-los, respectivament, com a troglofils de vestfbul i trogloxens 
estacionals de vestfbul. El terme «subtrog/6fil>1, aplicat algunes vegades a/s darrers creiem que es innecessari. 

Les associacions parietals es donen a moltes parts de/ m6n i Jes de la Gran Bretanya, si be mes restringides, s6n bastant 
semblants a Jes de /'Europa continental. Entre els seus membres permanents s'hi inclouen varies aranyes, en Jes quals s 'observa 
certa zonaci6. Les especies estacionals s6n, en la seva gran majoria, dfpters i lepidopters hivernants, pero els escassos visitants 
estiuencs posseeixen un tricopter. lnvestigacions fetes a d 'altres indrets han pogut demostrar que molts trogloxens estacionals 
sofreixen una diapausa fisiologica, que es tambe el que deu succeir, molt probablement, a la Gran Bretanya. 

RESUMEN 

La ((Asociaci6n Parieta/>1 (sensu Jeanne/) se puede reconocer en cavidades britanicas. Se trata de una caracterfstica asociaci6n 
de un cierto numero de especies, principalmente artr6podos, que se da en las paredes y techos de los vestfbulos de las cavidades, 
algunos durante todo el ano pero otros s6/o estacionalmente. Estos se pueden c/asificar respectivamente como trog/6fi/os de vestfbulo 
y trogloxenos estaciona/es de vestfbulo; el termino ((Subtrog/6fi/011 a/gunas veces aplicado a Jos ultimos, es innecesario . 

Las asociaciones parietales se dan en muchas partes de/ mundo; y las de Gran Bretana, aunque mas restringidas, son similares 
a las de Europa continental. Sus miembros permanentes incluyen varias aranas, en las que se observa cierta zonaci6n. Las especies 
estacionales son la mayorfa dfpteros y lepid6pteros hibernantes pero los escasos visitantes de/ verano poseen un tric6ptero. 
lnvestigadores de otras partes han demostrado que muchos trogloxenos estacionales sufren una diapausa fisio/6gica y es tambien 
lo que sucede muy probablemente en Gran Bretana. 

SUMMARY 

A ((Parietal Associatiomi (sensu Jeanne/) can be recognized in British caves. It is a characteristic association of a number of 
species, mainly arthropods, occurring on the walls and roofs of cave thresholds, some throughout the year but others only. seasonally. 
These can be classified respectively as threshold troglophiles and seasonal threshold trogloxenes; the term (<Sub-troglophi/e11 sometimes 
applied to the latter is unnecessary. 

Parietal associations occur in many parts of the world; that in Britain, although more restricted, is similar to those of Continental 
Europe. Its permanent members include several spiders showing some measure of zonation. The seasonal species are mostly 
overwintering Diptera and Lepidoptera but the few summer visitors include a trichopteran. Workers elsewhere have shown that many 
seasonal trogloxenes undergo a physiological diapause and it seems likely that this is also the case in Britain. 

Introduction 

The «Parietal Association» is the name which was given by 
Jeannel (1926) to what he recognized as a characteristic 
association of species which could be seen on the walls and 
roofs of cave thresholds in France and other parts of continental 
Europe, Relatively few species make up the association but 
considerable numbers of individuals are often present. They are 
predominantly arthropods, indeed almost exclusively either 
insects or arachnids. 

Although the parietal association is a characteristic one, it is 
not constant but changes seasonally because although some 
species remain permanently in the cave and can be considered 
to be threshold troglophiles , others are seasonal , spending either 
the summer or winter underground. Jeannel called these seasonal 
elements «regular trogloxenes», which indeed they are, but many 
subsequent authors have used the term «subtroglophile». Motas, 
Decou and Buyghele (1967), in their important paper on the 
parietal association in Rumania, give the history of this term 
«subtroglophile», which they also adopt, but there seems to be 
little justification for it. It can be argued (Hamilton-Smith , 1971) 
that the Schiner/Racovitza classification should not be applied 
to the threshold fauna, but if it is then the animals in question 
must be threshold trogloxenes; they cannot come into any 
category of troglophiles as they are incapable of completing their 
whole life cycle underground. They are in no sense partial nor 
even potential troglophiles and I shall refer to them as «seasonal 
threshold trogloxenes». 

The threshold fauna , including the parietal fauna, has been 

extensively studied on the European continent; the pioneer work 
of Jeannel in France and Leruth (1939) in Belgium has been 
followed by a great number of publications from countries in both 
eastern and western Europe. In Britain, on the other hand, the 
threshold fauna has tended to be neglected and the concept of 
a parietal association has been virtually ignored until quite recently 
(Jefferson, 1981 , 1982 & 1983). More has been done in America, 
and Graham (1966, 1968a & 1968b) has worked on a number of 
species belonging to what is clearly a parietal association-in fact 
he uses the term , although very infrequently. 

When I started looking at the threshold fauna, it soon became 
apparent that Britain has a characteristic parietal fauna very similar 
to that found in continental Europe. Many of the species are the 
same, although a little fewer in number, and the nature of the 
association is similar. 

Some elements of the association, particularly the Lepidoptera, 
had been noticed, and even studied , much earlier but with little 
appreciation of the significance of the association as a whole. 
An early observation of overwintering moths in a British cave was 
made in January 1934 when Tulloch (1935) and some other local 
naturalist visited a cave in South Wales. Much to his surprise 
considerable numbers of Scoliopteryx /ibatrix and Triphosa 
dubitata were seen and also «a large black bloated spider» 
presumably Meta menardi. He raised questions about how and 
why these two species of moths enter caves in such numbers 
but it was several decades before questions of this sort could 
be answered as a result of the work of people like Tercafs and 
Thines (1972) and Bouvet et al. (1974) . 
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The British Parietal Fauna 

The list of species recorded from the walls and roofs of British 
caves is extensive but only those which consistently appear in 
some numbers can be assigned with confidence to the parietal 
association . These include the two moths, a trichopteran , a 
number of Diptera and several spiders; of these the spiders are 
threshold troglophiles and are therefore permanent members of 
the association but the moths, the trichopteran and most of the 
Diptera are seasonal trogloxenes. 

The most numerous of the spiders are Meta menardi and 
Meta merianae but at least two others should probably also be 
included in the association; these are Tegenaria si/vestris and 
Nesticus ~ellulanus. The spiders are, of course, predators and 
the stations they adopt in the cave show a fairly consistent 
zonation with T. silverstris just inside the entrance closely followed 
by N. cel/ulanus and then M. merianae and lastly M. menardi 
which sometimes extends into the dark zone. It is not clear what 
physical gradient or gradients control the zonation; light may well 
be important but there are other gradients in the threshold and 
there is the increasing constancy of all physical factors with 
distance from the entrance. Bourne (1976) has shown that in 
addition to variation in climatic conditions the configuration of the 
cave walls also affects the distribution of animals in the 
threshold . 

The moths of the British parietal association are the two 
already mentioned, Triphosa dubitata and Sco/iopteryx libatrix. 
They are seasonal trogloxenes spending the winter underground 
where the females undergo a reproductive diapause (Bouvet et 
al. 1974). In fact some can often be seen in caves over much of 
the year. It has often been noted that Scoliopteryx becomes very 
torpid when underground but Triphosa much less so and the 
latter may even copulate underground; I have seen this in the 
Mendip Hills in September and it has also been observed in 
October in Yorkshire (Dixon, 1974). 

Most of the Trichoptera recorded from British caves are 
accidentals but there is one which can confidently be included 
in the parietal association as it consistently appears in situations 
where it could only have flown in as an adult ; this is Stenophylax 
permistus, one of the small group of species represented in the 
continental parietal fauna. Stenophylax enters caves in the 
summer and aestivates there; presumably a reproductive 
diapause is involved as has been shown to occur in aestivating 
caddis flies on the Continent (Bouvet, 1975). 

Diptera are the most numerous members of the parietal 
association both in numbers of individuals and of species. The 
common mosquito, Cu/ex pipiens pipiens, is particularly 
interesting. It has been claimed (Roubaud, 1933) that this sub
species needs to undergo diapause in every third or fourth 
generation and certainly the autumn generation of adults enters 
caves in considerable numbers. In one case nine random one 
square metre quadrats of wall yielded counts of up to 90 with a 
mean of 42. The main flight into caves takes place in September 
or October and at these times bats can often be seen flying up 
and down the threshold, apparently feeding on the mosquitoes. 
I have examined large numbers of these overwintering individuals 
and all have been females ; in Britain most have left their 
hibernation sites by the third week in April. 

Several mycetophilid flies are trogloxenes and are represented 
in the parietal association . These include species of Rymosia, 
Tarnania and Exechia with Rymosia fasciata often being 
particularly numerous in the winter. The drone fly, Eristalis tenax 
(Syrphidae) also sometimes enters caves in some numbers and 
overwinters in crevices, usually quite close to the entrance. 

The tipulid , Limonia nubecu/osa, is another interesting dipteran 
which is part of the parietal association , not only in Britain but 
also in Europe and much of the United States (Graham, 1966). 
Matile (1970) quotes figures of 30 and up to 50 per square metre 
on cave walls in western France and comparable numbers occur 
as summer visitors in British caves. The function of the sojourn 
underground is not clear in the case of L. nubecu/osa; it has 
even been suggested that perhaps they merely shelter in the 
cave during the day and emerge at night but it is odd that of all 

the British crane-flies this is the only one whieh seems to resort 
to caves at all consistently. 

Another dipteran of the parietal association with a very wide 
geographical range is Heleomyza serrata. According to Leruth 
(1939) In Bel~1um they are summer visitors with only odd 
specimens being seen at other times, but in Britain they seem 
to be numerous thoughout the year in caves; both sexes are 
present and copulation has been observed . In view of all this it 
might be thought that H. serrata is a troglophile but this is very 
unlik_ely as only adults seem to occur underground. They are not 
confined to the parietal association and are sometimes seen in 
appreciable numbers far into the dark zone but only where the 
depth of overburden is not very great (Jefferson, 1981 ). 

Discussion 

It is remarkable that parietal associations of essentially similar 
composItIon should occur over such a wide area - in fact over 
much of the holarctic region . There are, of course, differences: 
there are rather more species in the European association than 
in the British and related species may replace each other in 
different parts of the region. The genus Triphosa is an example; 
in many parts of Europe two species occur in the parietal 
association, T. dubitata and in mountainous areas, T. sabaudiata 
but this latter species does not occur at all in Britain and in North 
America the genus is represented by another species, T. haesitata 
(Graham, 1968a & b). There are other differences in various parts 
of the holarctic region but nevertheless the essential similarity of 
the association over such a vast area is impressive. 

The curious selectivity of the parietal association is also 
striking. Why do so relatively few species belonging to a number 
of quite distinct groups of insects so consistently and 
characteristically enter caves when numerous related and equally 
common species do not? There is also the question of what 
happens to seasonal trogloxenes having an obligate diapause in 
those parts of their areas of distribution where there are no caves. 
What alternative sheltered habitats do they use or can they 
dispense with hibernation or aestivation, and presumably therefore 
diapause, in parts of their range? 
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lntroduccion a la Pteridoflora de las Simas Valencianas 

RESUM 

Por Juan Jose Herrero-Borgon6n Perez 
Dpto. de Botanica, Facultad de Biologia, Universidad de Valencia. 
S.E.S. de/ Centre Excursionista de Valencia. 

Es presenten aquf els resultats d 'un estudi realitzat sabre la pteridof/ora recol/ida a /'entrada de vint-i-quatre avencs valencians, 
a /'interior de/s quals s 'han pogut identificar un total de deu especies de falgueres. Algunes d 'aquestes especies es frequent de 
trobar-les a /'interior dels avencs, mentre que d 'altres hi s6n de forma accidental, destacant d 'entre el/es Asplenium scolopendrium, 
que pot considerar-se com a especie re/icta en tota la zona 1/evantina. En el cataleg florfstic es comenten a/guns aspectes ecologies, 
corologics i biogeogra.fics de /es especies trobades, inc/oent-se tambe la seva zonaci6 vertical i profunditat a /'interior de/s avencs 
estudiats. 

RESUMEN 

Se presentan /os resu/tados de un estudio realizado sabre la pteridoflora recogida en las entradas de venticuatro simas 
valencianas, en cuyo interior se han podido indentificar un total de diez especies de helechos. Algunas de estas especies aparecen 
con frecuencia en las simas, mientras que otras lo hacen de forma accidental, destacando Asplenium scolopendrium que puede 
considerarse coma especie relicta en toda la zona /evantina. En el catalogo f/orfstico se comentan algunos aspectos eco/6gicos, 
coro/6gicos y biogeograficos de las especies encontradas, incluyendose tambien su zonaci6n vertical y profundidad en el interior 
de las simas estudiadas. 

SUMMARY 

The results of a speleo-botanic study carried out about the pteridoflora collected in the entrances to twenty-four Valencian 
potholes are presented here; ten species of ferns have been identified in their interior. Some of these species appear frequently in 
the potholes whereas other species are accidental; show up Asplenium sco/opendrium that we can consider as a relicit species in 
the Levant region. Some ecological, chorological, and biogeographical aspects of the found species are commented in the botanical 
inventory; their vertical zoning and depth in the interior of the studied potholes are also included. 

lntroducci6n 

El descubrimiento causal , hace ya algunos anos, del helecho 
Asplenium scolopendrium en una sima valenciana, nos movi6 a 
intentar conocer su distribuci6n actual en la regi6n de Valencia, 
en la que es poco frecuente , lo que motiv6 la visita a diversas 
cavidades valencianas. 

La presente nota es el resultado de las observaciones 
realizadas en el transcurso de las visitas llevadas a cabo a 
diversas simas valencianas en busca de la citada especie. 

Situaci6n de las simas estudiadas 

Se ha estudiado la pteridoflora existente en venticuatro simas 
de la region de Valencia y sus contornos. A continuaci6n se 
especifica para cada una de ellas: su nombre, el termino municipal 

en el que se encuentra, la altiutud s.n.m. de la boca, y la cuadricula 
de 1 km. del reticulo U.T.M. a la que pertenece. 
Provincia de CASTELLON 

1: Sima del Cinglo Partido (Puebla de Arenoso) , 860 m , 30T 
YK 0342 

2: Sima de la Pinosa (Fuente la Reina) , 970 m. , 30T YK 0335 
3: Sima del Lentisco (El Toro) , 1.270 m., 30S XK 8822 
4: Sima de la Higuera (Caudiel) , 930 m., 30S YK 0929 

Provincia de VALENCIA 
5: Sima de Mataja (Calles) , 1.000 m., 30S XK 7705 
6: Sima de Cuarte (Chulilla), 400 m. , 30S XJ 8388 
7: Sima de la Colomera (Bugarra), 270 m., 30S XJ 9286 
8: Sima de las Palomas (Chiva) , 900 m., 30S XJ 7978 
9: Pozo del Moro (Camporrobles) , 1.100m., 30S XJ 3792 
10: Sima de la Fuente de la Mina n.0 2 (Cofrentes) , 400 m .. 

30S XJ 67 45, desarrollada en yesos 
11 : Sima del Aguila (Picasent), 200 m., 30S Y J 1257 
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Figura 1 - Situaci6n geografica de las simas estudiadas 

ESPECIES 1 2 3 4 5 6 7 8 

5 11 
Adiatum capillus-veneris 7 25 

f 

0 
Asplenium ceterach 7 2 

f 

0 

Asplenium fontanum 2 

Asplenium onopteris 

0 0 
Asplenium petrarchae 3,5 7 40 28 

f f f 29 

Asplenium ruta-muraria 

14 
Asplenium scolopendrium 15 

f 

5 0 0 2 3 
Asplenium trichomanes 7 8 5 14 7 29 

f f f f f f 

0 
Polypodium cambricum 12 

f 

Selaginella denticulata 

9 

12 
16 

4,9 
16 
f 

3,5 
9 
f 

12: Sima del lnfierno (Tous), 390 m., 30S YJ 0545 
13: Sima de la Llenca del Serrano (Tous), 465 m., 30S YJ 0041 
14: Sima del Campillo (Tous), 450 m., 30S YJ 0041 
15: Sima de les Gralles (Tous), 290 m., 30S YJ 0133 
16: Sima del Toro (Simat de Valldigna), 340 m., 30S YJ 3125 
17: Sima Aldaia (Barx), 690 m., 30S YJ 3420 
18: Avenc del Simarr6 (Barx), 690 m., 30S YJ 3420 
19: Sima Pilar (Barx), 700 m., 30S YJ 3420 
20: Sima Sancho (Pinet), 710 m., 30S YJ 3520 
21 : Sima Llengua Siervo (Villalonga), 485 m., 30S YJ 4105 

Provincia de ALICANTE 
22: Avenc Ample (Vall d'Ebo), 540 m., 30S YJ 4900 
23: Avenc Estret (Vall d'Ebo), 550 m., 30S YJ 4901 

Provincia de TERUEL 
24: Sima de la Cespedosa (Linares de Mora), 1.680 m., 30T 

YK 0868 
CAT ALOGO FLORISTICO 

El catalogo se ha ordenado alfabeticamente para facilitar su 
consulta. 
Adiantum capillus-veneris L. 

Especie cosmopolita frecuente en el interior de las simas, 
situandose en puntos con goteo constante de agua y en paredes 
rezumantes. 

A determinadas profundidades suele presentar fen6menos de 
enanismo como consecuencia de la escasez de luz, no 
sobrepasando en algunos casos los 4 cm. de longitud . 
Asplenium ceterach L. 

Especie mediterranea corriente en las rocas del karst, 
pudiendo considerar su presencia en el interior de las simas 
como poco frecuente debido a su caracter fot6filo. 
Asplenium fontanum (L.) Bernh. 

Especie centroeuropea-atlantica que crece sobre la tierra 
acumulada en grietas y pequenos salientes de las simas, en 

Figura 2 - Cata/ago de las especies de pterid6fitos identificadas en el interior de 
las simas va/encianas: se indica su frecuencua (F) e intervalo de profundidad (minima 
y maxima profundidad, en metros, a que ha sido encontrada dicha especie) (I.P.) 
en las mismas, asi como aquel/as localidades en que la especie ha sido hallada 
fructificada (f). 

SIMAS 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 F I.P. 

11 9 10 
19 16 15 2 44 8 9 2 
f f f f 18 44 

0 
2 

7 

9 10 0 1 0 
10 6 3 8 6 10 
f f f 

3,5 1 3,5 

0 0 
5 7 4 7 0 
f f f 40 

4 45 2 4 
52 52 

14 42 8 
8 17 16 7,5 46 18 8 4.9 

f f 9,5 f f 46 

9 7 0 0 
1,5 3 16 15 12 6 7 52 8 16 0 
6 f f f f f 11 f 20 52 

1 0 
12 

7 1 7 
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puntos no expuestos al sol , adquiriendo en algunas ocasiones 
gran desarrollo. 
Asplenium onopteris L. 

Especie mediterranea que aparece de forma accidental en 
las simas, alcanzando escasa profundidad en las mismas. 
Asplenium petrarchae (Guerin) DC. 

Especie mediterranea que elige para crecer en las simas los 
puntos mas sombrfos de estas. 
Asplenium ruta-muraria L. 

Especie circumboreal que crece en los puntos de mayor 
humedad de las simas, alcanzando por lo general escaso 
desarrollo, sobre todo a determinadas profundidades. 
Asplenium scolopendrium L. 

Especie submediterranea que normalmente alcanza gran 
desarrollo (hasta 60 cm . de longuitud) en el interior de las escasas 
simas valencianas en que aparece, aunque en algunas de ellas, 
y en determinadas condiciones ecologicas, presenta fenomenos 
de enan,smo (como en el Pozo del Moro, en el Avenc Ample, y 
en la Sima Llengua Siervo). 

Si bien esta especie ya fue citada hace tiempo por 
CAVANILLES en la Tinan9a de Benifassa (Castellon) yen la Sierra 
de Aitana (Alicante), estas citas no han podido ser confirmadas 
en visitas posteriores a dichas zonas; por lo que las unicas 
localidades conocidas en la actualidad en la region valenciana 
corresponden a las ocho simas aqui citadas, junto con la cita 
correspondiente a la Cova de los Calaveres (Benidoleig, Alicante) , 
en cuyo tramo turfstico tambien ha sido hallada esta especie 
junto con Asplenium sagittatum (DC.) Bange (HERRERO 
BORGONON & MATEO 1984). 
Asplenium trichomanes L. subsp. quadrivalens Meyer 
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Figura 3- Area de distribuci6n de Asplenium scolopendrium L en la region 
valenciana: .6 antiguas citas de Cavanilles, • citas en media 
cavern/cola, 0 localidades en que aparecen en el exterior. 

Especies cosmopolita muy frecuente en el interior de las simas, 
donde puede alcanzar gran desarrollo (hasta 30 cm. de longuitud). 
Es el helecho mas comun en las simas valencianas. 
Polypodium cambricum L. 

Especie submediterranea poco frecuente en las simas 
valencianas, donde puede alcanzar un buen desarrollo (algunos 
ejemplares sobrepasan los 40 cm. de longitud). 
Selaginella denticulata (L.) Link 

Especie mediterranea poco frecuente en el interior de las 
simas valencianas, donde crece en pequer'ios entrantes terrosos 
de las paredes. 

Conclusiones 

Se puede indicar la presencia en el interior de las veinticuatro 
simas estudiadas de un total de diez especies de helechos. 

La pteridoflora encontrada en las simas valencianas es 
claramente mediterranea, puesto que este elemento 
biogeografico representa el 60 % de la flora recolectada. 

Por otro lado, las especies encontradas en las simas 
valencianas coinciden en un alto porcentaje con las encontradas 
en las simas baleares (MAHEU 1912, LLORENS 1972, GINES 
1983) y catalanas (MAHEU 1909 y 1912, UBACH 1974), siendo 
estas simas espar'iolas las unicas de las que se dispone de 
alguna informacion sobre la pteridoflora que las puebla. 

En base a los datos obtenidos hasta ahora, podemos distinguir 
la siguiente zonacion o estratificacion vertical de la pteridoflora 
en el interior de las simas valencianas, a partir del limite exterior 
de sus bocas: 

- Zona externa o de entrada, donde junto a algunos arbustos 
y lianas aparecen, en lugares bien iluminados, Asplenium 
ceterach, Polypodium cambricum, Asplenium onopteris, y 
Selaginella denticulata. 

- Zona inmediata a la entrada, con una iluminacion indirecta 
aun intensa, y donde alcanza su optimo la vegetacion pteridofitica; 
en ella aparecen Asplenium petrarchae, Asplenium fontanum, 
Asplenium ruta-muraria, e incluso pueden aparecer Adiantum 
capillus-veneris, Asplenium scolopendrium (solo en las simas mas 
humedas), y Asplenium trichomanes subsp. quadrivalens. 

- Zona de transicion o intermedia, menos iluminada, donde 
junto a los ultimos espermatofitos (como Hedera helixL.) y algunos 
pteridofitos (como Adiantum capillus-veneris, Asplenium 
scolopendrium, y Asplenium trichomanes subsp. quadrivalens 
especialmente), los briofitos esciofilos alcanzan su optimo gracias 
a la humedad reinante . 

- Zona interna, que comprende los ultimos niveles de 
iluminacion compatibles con la fotosintesis y donde junto a 
diversas especies de Cianoficeas los ultimos briofitos, los mas 
resistentes a la escasez de luz, entre crecen los que pueden 

. mezclarse protalos de los pteridoficos que crecen en la zona 
intermedia. 

Desde el punto de vista corologico, y en base a los mapas 
de distribucion consultados, actualmente podemos considerar la 
especie Asplenium scolopendrium L. como relicta en el territorio 
centro-oriental iberico, ya que aparece solamente en el interior 
de algunas simas y cuevas (HERRERO-BORGONON & MATEO 
1984). 

Agradecimiento 

Queremos expresar nuestro sincere agradecimiento al Dr. Julio 
lranzo por su ayuda en la determinacion y confirmacion de algunos 
ejemplares conflictivos. 

Bibliografia 

GINES, A. 1983: Bioespeleolog,a del karst mallorquin. Datos 
ecologicos preliminares. Tesina de Licenciatura. Facultad de 
Ciencias. lnedito. Palma de Mallorca. Espana. 

178 



~ERRERO-BORGONON, J.J. & MATEO, G. 1984: Sobre la 
presencia de Asplenium scolopendrium y A. sagittatum en las 
simas valencianas. Fol. Bot. Misc. 4: 7-14. Barcelona. 
Espana. 

LLORENS, L. 1972: Anotaciones a la flora balear. Bol.Soc. Hist. 
Nat . Baleares 17: 55-62. Palma de Mallorca. Espana. 

MAHEU , M.J. 1909: Etude geologique et biologique (Flore) de 
quelques cavernes de la Catalogne (Regions du Montserrat, 
de San Miquel et de San Lorenzo). Comp. Rend. du Congres 
des Soc. Sav. en 1908, Sciences, pag. 257-293. Paris. 
Francia. 

12111 

MAHEU, M.J. 1912: Exploration et flore souterraine des cavernes 
de Catalogne et des lies Baleares. Spelunca. Bull. et Mem.Soc. 
Speleo. 8 (67): 361-465. Paris. Francia. 

MATEO, G. 1984: Contribuci6n al conocimiento de la flora 
pteridofftica valenciana. Acta Bot. Malacitana 9: 97-104. Malaga. 
Espana. 

SALVO, A.E. et al. 1984: Atlas de la pteridoflora iberica y balear. 
Acta Bot. Malacitana 9: 105-128. Malaga. Espana. 

UBACH, M. 1974: Variaci6n de la flora en la zona de las entradas 
de las cavidades subterraneas. Com. IV Simp. Bioespel. pag. 
63-67. Barcelona. Espana. 

A Proposal to Abandon the Schiner-Racovitza Clasiffication for Animals found 
in Caves 

Philip Chapman 
City Museum & Art Gallery, Queens Road, Bristol 

RESUM 

El sistema de Schiner-Racovitza es ampliament utilitzat pets biospe/eo/egs per a distingir tres categories ecologiques dins /es 
cavitats, com si /es coves constitui'ssin una unitat eco/ogica. Pero no es aixf 

La gran diversitat de/s habitats d'aigua do/9a i salada que s'ha pogut constatar en !es cavitats de tot el m6n tenen en comu 
un sol fret de profund significat biologic que fa referencia als animals que hi habiten, aixo es, /'absencia de I/um. Podria esser 
convenient, per a classificar totes /es especies 1/iures que afronten els problemes biologics que suposa la vida en /'obscuritat 
perpetua, clarificar un xic els termes que hom utilitza normalment a /'hora de referir-se a aquestes especies. Es tractaria de centrar 
f 'interes de las investigacions en la manera com aquests problemes han estat superats per una serie d'organismes que viuen en 
habitats diversos. Jo proposo el terme «estigfco/a11 (= habitant de /'obscuritat) per a/s animals que viuen en habitats sense I/um, 
incloent-hi /es cavitats, i «estigoxens11 (= visitants de /'obscuritat) per a designar Jes especies que efectuen visites periodiques a 
aquests habitats esmentats. Aquests termes haurien de substituir els de «trog/obis11, «troglofi/s11 i «trogloxens11 per dues raons d'fndole 
practica: 
1) La distinci6 entre «troglofi/11 i «troglobi11 pot fer-se tant poques vegades de forma empfrica que resulta d'un valor practic escas. 
2) Aquests termes no es poden fer extensius a la fauna def SUC, a /es aigOes hiporreiques i a d'aftres habitats mancats de I/um 

fora de !es coves, tots ells de gran interes per als biospeleolegs. 

RESUMEN 

El sistema de Schiner-Racovitza es ampliamente utilizado por los bio-espele6/ogos para distinguir tres categorfas eco/6gicas en 
las cavidades, como si las cuevas formasen una entidad ecol6gica. Pero no es asf 

La vastfsima serie de habitats en agua dulce y salada encontrada en cavidades por todo el mundo, comparten un solo rasgo 
de profundo significado bio/6gico para los animates que a/If habitan. Este es, la ausencia de luz. Podrfa ser conveniente, para 
clasificar todas las especies fibres, que afrontan /os problemas bio/6gicos comunes que supone la vida en las oscuridad perpetua, 
para 131ue el foco de interes de la investigaci6n def modo en que estos prob/emas han sido superados por una serie de organismos 
en una serie de habitats. Yo propongo el termino «estigfco/a11 (= habitante de la oscuridad) para animates fibres que viven en habitats 
oscuros, incluyendo cavidades, y «estigoxenos11 (= visitantes de la oscuridad) para especies que hacen visitas peri6dicas a semejantes 
habitats. Estos terminos deberfan reemplazar «trog/obios11, «trog/6fi/os11 y «trog/oxenos11 por dos razones practicas: 
1) La distinci6n entre «trog/6fi/011 y «trog/obio11 puede hacerse tan escasas veces de forma empfrica, que resulta de escaso valor practico. 
2) Estos terminos no se pueden acondicionar a las faunas def SUC, aguas hiporreicas y otros habitats oscuros fuera de las cuevas, 

de profundo interes para los bioespele6/ogos. 

SUMMARY 

The Schiner-Racovitza system is widely used by cave biologists to distinguish three categories of ecological dependence on 
caves, as if caves formed an ecological entity. They do not. 

The enormously wide range of terrestrial, freshwater and saltwater habitats found in caves worldwide, share just one feature 
of profound biological significance for the animals which inhabit them. It is the absence of light. It may be convenient to class 
together all free-living species which face the common biological problems posed by life in perpetual darkness, in order to focus 
research interest on how those problems have been overcome in a range of organisms, in a range of habitats. I propose the term 
«stygicole11 (= dark-dweller) for free-living animals which inhabit perpetually dark habitats, including caves, and «stygoxene11 (=dark
visitor) for species which make recurrent visits to such habitats. These terms should replace «trog/obite11, «troglophi/e11 and «trog/oxenei1, 
for two practical reasons: 
1) The distinction between «troglophi/e11 and r<troglobite11 can so seldom be made empirically, that it is of little practical value anyway. 
2) These terms cannot accommodate the faunas of the SUC, hyporheic waters and other dark, non-cave habitats of profound interest 

to biospeleologists. 
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Armand Vire (1904) proposed the term «biospeologie» to refer 
to the · study of subterranean life. For Vandel (1965) the 
subterranean environment encompassed soils, air-filled natural 
and artificial spaces in rocks and soils (including tombs) , 
underground streams, springs, ground waters both in rocks and 
unconsolidated sediments and possibly spaces within deep leaf 
litter and beneath carpets of moss. Until recently, most 
biospeleologists have studied just one part of this subterranean 
environment: the enterable, air-filled parts of natural caves in 
limenstone rocks of temperare latitudes. The system originally 
proposed by Schiner (1854) and supplemented by Racovitza 
(1907), (the Schiner-Racovitza system), is widely used to 
categorize the fauna of caves. In this basic form, it recognizes 
3 ecological categories: a) troglobites obligate cave species that 
are unable to survive outside of caves; b) troglophiles, facultative 
species that live and reproduce in caves, but are also found in 
similar, dark, humid, non-cave microhabitats; and c) trogloxenes, 
species that regularly inhabit caves for refuge but normally return 
to the surface environment to feed . These categories were of 
use so long as biospeleologists agreed how to distinguish 
between «caves» and «non-cave» habitats. Unfortunately, over the 
last 20 years there seems to have been progressively less 
agreement among authors over what precisely is meant by «caves» 
or «cave habitats». Glennie (1965), for example, took «caves» to 
include all habitats which occur within the «hypogean domain», 
tha is dark, air-or water-filled voids in rocks beneath and excluding 
the soil, other surface-deposited sediments and the limits of 
penetration of tree roots . Howarth (1973, 1981 ), on the other 
hand, stressed the importance of tree roots as a source of food 
in the Hawaiian caves, and the importance of water-borne soil 
and plant detritus in the nutrition of cavernicoles is now well 
known . Juberthie and Delay (1981) have described a «Superficial 
Underground Compartment» (SUC) which is populated by a fauna 
distinct from, but containing elements, of, the local cave fauna. 

Size of cavity might be thought to be of crucial importance 
in defining cave habitats. Howarth (1983) distinguishes three 
biologically significant size classes of air-filled subterranean 
cavities: macrocavernous ( > 20 cm), mesocavernous (0.1 - 20 
cm), and microcavernous ( > 0.1 cm). The first will admit large 
vertebrates (including some biospeleologists), the second is 
characterized by a microclimate favourable for cavernicolous 
arthropods, the third is too small to admit most of these and is 
characteristic of soils. The mesocavernous habitat is well 
represented in limestone terrains as well as in lava flows , but not 
only in the hypogean realm. The surface of tropical montane karst 
is often a jumble of fretted boulders and deep interconnected 
cracks overlain by a blanket of moss and other vegetation. This 
dark, non-cave habitat of mesocavernous dimensions must 
provide an enormous habitabl.e space with an almost unknown 
fauna. Similarly, animal burrows in soil, spaces in talus, and deep 
moss carpets and leaf litter all provide habitats of mesocavernous 
dimensions. 

It might be argued that an important feature which sets apart 
caves from other subterranean habitats is their persistence over 
long time periods. However, in geological terms, caves are 
ephemeral, particularly in the tropics, and other subterranean 
non-cave habitats such as soils and interstitial waters in riverine 
gravels may persist locally for longer time-spans. 

Neither can cave habitats be defined according to available 
food type or its quantity. Whilst green plants are obviously unable 
to photosynthesize in the darkness of the cave, photosynthetic 
products may be available to cavernicoles via plant roots and as 
fresh plant detritus, etiolated seedlings, etc., and some primary 
food production is almost certainly carried out in caves by chemo
autotrophic bacteria (Jefferson, 1969). Almost any food type which 
occurs in dark, non-cave habitats will also be available to some 
cavernicoles from time to time, and while many caves are food
poor, tropical guano caves clearly are not (e.g. see Hill , 1969). 
Sket (1981) has sought to define caves as spacious yet closed 
life spaces which have a small energy content and a scarcity of 
inhabitants, but this is unhelpful as many caves contain areas 
rich in food , as well as food-poor areas, and food supply may 
vary seasonally, being poor at times, rich at other times. Besides, 

any cave which is a «closed life space» will not have a fauna at 
all. 

The «deep-cave» environment (Barr, 1968), is generally subject 
to less temperature fluctuation than other habitats which receive 
direct solar irradiation or which are not surrounded by the immense 
heat-sink represented by thick rock walls. However, cave 
passages which are traversed by winds, and rock-crevices of the 
SUC, experience microclimate variations which clearly affect their 
faunes (Howarth, 1980; Chapman, 1982). Howarth (1980) has 
argued strongly that saturated , or near-saturated atmosphere is 
a characteristic of the terrestrial «deep cave» microhabitat, but it 
would be quite arbitrary to confine a definition of terrestrial cave 
habitats to those portions which have a relative humidity above 
a certain value, besides which many clearly noncave habitats, 
such deep moss carpets, spaces within deep leaflitter and soil 
may share this microclimate characteristic. 

Finally, we come to light. We may distinguish between the 
«cave threshold» (within the limit of light penetration) and the 
«cave dark zone» (beyond the limit of light penetration), but as 
inhabited spaces in unconsolidated riverine sediments or soils, 
the SUC, deep ocean trenches and even parts of animal burrows 
may all be in total darkness, this parameter on its own is also of 
little use in distinguishing hypogean habitats from other 
subterranean, or simply dark, habitats. However it is an easily 
measured, discontinuous variable (dark= no light!) of obvious 
biological importance which can be used to distinguish a group 
of habitats whose faunas share the common problems of life in 
darkness. 

To summarise thus far: the various habitats within the 
«hypogean realm», other subterranean habitats and other 
perpetually dark habitats intergrade in most characteristics to 
such an extent that no clear-cut biologically meaningful 
distinction can be made between perpetually dark «cave 
habitats» and other perpetually dar non-cave habitats. 

So how . are we to distinguish between «troglophiles» 
( = facultative cave-dwellers) and «troglobites» ( = obligate cave 
dwellers)? Again , the answer is that it is clearly arbitrary to do 
so in many cases, and indeed, authors such as Barr (1968) have 
advised dual classification of some cave-frequenting species as: 
«troglobite-edaphobite» or «troglobite-phreatobite». This would 
seem unduly clumsy. If a cave-frequenting species is principally 
found in phreatic waters, why not simply call it a «phreatobite»? 
Because of the difficulty in determining the distributions of 
cavernicoles in other (non-cave) subterranean habitats, 
troglobitism is usually inferred from the degree of eye and pigment 
regression, or pronounced hypertrophy of appendages or sensory 
apparatus, or «relictualness» ( = isolation from other close living 
relatives). The de facto definition of a troglobite might be 
expressed thus: a cave species that is unable to survive 
outside of caves and that has undergone such a long period 
of genetic isolation in caves that it shows troglomorphic 
features to a degree well beyond that of other, non-troblobitic 
members of its taxocene. Christiansen (1962) has indeed 
proposed a definition of this sort. However it is obviously quite 
arbitrary to choose a particular point along the continuum of 
troglomorphic evolution and to state «troglobitism starts here»! 

It is traditional in the literature to define eyed, pigmented 
species which live and breed in caves and are not know to live 
and breed outside of caves, as troglophiles. It is assumed, usually 
in the absence of any substantiating evidence, that such species 
have not become eyeless and depigmented owing to gene 
swamping from the portion of their population which occupies 
«non-cave» habitats, and that if this latter portion of the population 
were to disappear, eye and pigment loss would surely follow in 
time. Indeed, «time» has become an unofficial parameter in working 
definitions of «troglobite» by modern biospeleologists. In common 
with other authors, I have followed this tradition by categorizing 
a large proportion of the faunas of newly-discovered tropical caves 
as «troglophiles» (e.g. Chapman, 1980; 1984), on the morphological 
grounds that they retained eyes and pigment, though often in 
reduced form. I have done this simply because there is very little 
data on the fauna present at «ground level» on the spectacularly 
eroded karst overlying the caves, or on the epigean relatives of 
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the cavernicoles, nor is such information likely to become available 
for many years. The fauna of tropical caves is much more 
amenable to study in many cases than is the adjacent surface 
fauna, particularly in mountainous areas. 

Culver (1982), writing about temperate American caves, states 
that many «troglophiles» are classified as such « ... only because 
they show little sign of regressive evolution. Other troglophiles 
have no surface populations near cave populations. For example, 
Gyrinophilus porphyriticus is common in caves in the upper Powell 
Valley in Virginia and Tennessee, but no surface populations are 
known from this area. It is very rare to find a population of any 
cave organism that extends from the surface directly into the 
cave. In most cases it is unlikely that gene flow is retarding 
adaptation. It is likely that what we called troglophiles have been 
in caves for a shorter period of time than what we call troglobites, 
if only because troglophiles show less regressive evolution ... 
Nonetheless, by any measure available, many troglophiles are 
very successful in caves». 

The assumption that troglomorphic features indicate 
troglobitism and that absence of clear troglomorphic features 
indicates nontroglobitism is too often perpetuated by taxonomic 
specialists who describe new taxa without the benefit of detailed 
distributional data. An illustrative example occurs in caves of the 
Gunung Mulu National Park, Sarawak, where the eyeless, white 
potamid crab Cerberusa caeca appears to be more «cave 
specialized» than is its eyed and pigmented cousin Cerberusa 
tipula. The former was described as a troglobite and the latter 
as a troglophile (Holthuis, 1979). By «cave specialized» I mean 
only that C.caeca would presumably perish more quickly outside 
the cave because it has no protection against solar radiation and 
no means to see approaching danger and so take cover. Actually 
there is no evidence at all that either species ever occurs outside 
caves, or that the possession of eyes and pigment puts C. tipula 
at any disadvantage over the eyeless, white C. caeca in the 
darkness of the cave. The two species seldom share the same 
pools and C. tipula is found closer to the cave entrance than is 
C.caeca and may therefore need eyes and pigment during forays 
into the cave threshold. Does this imply that C.caeca is more 
«cave-adapted», or that it is a more ancient cave-dweller? There 
is no evidence either way. All we can deduce is that these two 
species probably have slightly different ecological requirements 
- they occupy different niches in the cave community. It is quite 
possible that they have evolved along different routes over a 
similar time period. 

Hamilton-Smith (1971) addressed the problem of how to 
distinguish troglomosphic «troglobites» from non-troglomorphic 
species known only from caves. His solution was to retain the 
«troglobite» category for the former, and to place the latter in a 
sub-class of troglophiles which he called «second-level 
troglophiles». However, he was forced to treat as a separate 
category obligate parasites which are known only from caves, 
but which are adapted to their host, rather than to the cave 
environment, and so cannot be judged by the criterion of how 
«cave-adapted» they are. This seems to me to be an unsatisfactory 
solution for three reasons: 1) it perpetuates the mixing of 
ecological and evolutionary criteria and so presupposes that 
certain troglomorphic characteristics are the only valid indication 
of specialization to a hypogean niche, 2) it is more complicated 
than the system it replaces, and 3) it suffers from all the problems 
posed by the lack of data on the distributions of most cavernicoles. 
Not surprisingly, the system has attracted few adherents. 

A further problem with the Schiner-Racovitza classification 
system concerns the ecological category «trogloxene». The 
modern usage of «trogloxene» for species that regularly inhabit 
caves for refuge, but normally return to the surface to feed 
(Howarth, 1983) does not apply to those species which live outside 
caves and enter them to feed on trogloxenes, guanobia, or to 
make up dietary deficiences (Chapman, 1985; Redmond , 1981). 
I have used the term «visitors» for such species (Chapman, 1984, 
1985). A more fundamental criticism of the Schiner-Racovitza 
system is that , in order to be consistent , it should make a 
distinction between facultative and obligate trogloxenes, as it 
does between facultative and obligate cavernicoles. Facultative 

trogloxenes are species some of whose individuals or populations 
use caves as a convenient roost or shelter. However there are 
other species which appear to be unable to survive permanently 
away from caves. Examples would be the crickets Hadenoecus 
subterraneus in Kentucky caves (Barr and Kuehne, 1971) and 
Dolichopoda spp. in European caves (Vandel, 1965), or the swiftlet 
Aerodramus vanikorensis in Sarawak (Chapman, 1985). Species 
within the genus Aerodramus have probably evolved echolocation 
as a means of orientating in the dark interiors of caves, and are 
thus cave-evolved trogloxenes! The nest structure of · 
A. vanikorensis has become cave-adapted and the species 
reproductive performance is likely to be disastrous outside of 
caves, so that predation on eggs and chicks probably now obliges 
it to nest in the remote parts of caves. 

Troglomorphic species feature prominently in limestone caves 
in cool climates (temperate latitudes and at hight altitude in the 
tropics, but are less frequent in caves of the lowland tropics. 
However, lowland tropical caves contain rich , complex faunal 
associations which have a characteristic composition (Brignoli, 
1981) and are presumably well adapted to cave life. It is 
unfortunate that the discipline of biospeleology should have been 
moulded by studies of temperate cave faunas, so that only those 
characteristics typical of K-selected temperate troglomorphs are 
considered as being admissible evidence of cave-specialization. 
It is possible that «temperate» troglomorphic features may not be 
adaptive for many lowland tropical cavernicoles, so that it may 
be inappropriate to define tropical «troglobites» u_sing «temperate 
criteria». Indeed, while guano-associated species have been 
debarred from «troglobite» status by most «temperate 
biospeleologists», Decou (1981) reports that many guanobious 
species in Cuban caves are obligate cavernicoles, equivalent to 
temperate «troglobites». 

Since the distinction between «troglophile» and «troglobite» 
clearly cannot be made empirically at present in the majority of 
cases and as the wide range of terrestrial and aquatic cave, and 
dark non-cave, habitats intergrade in most characteristics, it 
seems to me that the Schiner-Racovitza system has outlived its 
usefulness and should be dropped forthwith. The abandonment 
of the notion of a «cave environment» and of «troglobites» might 
lead to more interest among biospeleologists in those adaptive 
characteristics of physiology and behaviour shown by organisms 
from a wide range of ecotypes which share the common problems 
posed by life in perpetual darkness. 

It is premature to replace the Schiner-Racovitza system with 
a new set of generalized ecological categories. We do not yet 
know what causes the evolutionary trends towards gigantism, 
depigmentation, eye-reduction or attenuation of appendages seen 
in some (but not all) inhabitants of some (but not all) cave, or 
cave-like, perpetually dark habitats. I propose that until sufficient 
empirical data are available on which to base biologically 
meaningful categories, biospeleologists should classify 
subterranean animals according to the particular microhabitat 
they are known to mainly frequent and to which they are likely 
to be specialized. Thus «edaphobite», «humicole», «muscicole», 
«myrmecophile», «termitophile», «pholeophile», «phreatobite», 
«guanobite», etc., all convey useful information and should be 
used in place of «troglobite», «troglophile» or «trogloxene». Indeed, 
it might be useful to coin some more terms to describe species 
characteristic of the «hyporheic biotope» (e.g. see Stanford and 
Gaufin , 1974), «anchialine habitats» (e.g. see Holthuis, 1973), 
«mesocavernous habitats» (Howarth, 1983) perhaps including 
those of the «Superficial Underground Compartment» (Juberthie 
and Delay, 1981), and of dark «macrocavernous habitats» 
(Howarth, 1983). The latter might be termed «cavernicoles», in 
this restricted sense! 

Cavernicoles which display morphological features which are 
considered to indicate adaptation to their cave environment may 
be described as «troglomorphic» cavernicoles, or «troglomorphs» 
(Howarth, 1982), but it should not be assumed that 
«nontroglomorphs» are not specialized for cave life! 
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Nota sobre la distribuci6n espacial de quir6pteros cavernicolas de Galicia 
durante el reposo 

Jose Guitian 
Joaqufn Gimenez 
Federaci6n Gallega Espeleologfa, Secci6n de Bioespe/eologfa. 

RESUM 

Aquest article tracta dels resu/tats obtinguts d 'un estudi sobre 2.149 Jocalitzacions de 4 especies de rat-penats (Chiroptera) de 
varies cavitats naturals de Galfcia (nord-oest d 'Espanya). 

Es va estudiar cadascuna de Jes 4 especies per separat i s 'efectuaren dues valoracions diferents: la distancia des de/ /Joe on 
es trobaven els rat-penats fins a l'entrada de la cavitat i tambe tms al tons. 

Per a cada especie els resultats foren els seguents: 

«Rhinolophus ferrum-equinum» 
«Rhinolophus hipposideros,» 
«Plecotus spp» 
«Miniopterus schreibersi i» 

19,00 
23,68 
15,50 
77,72 

15,66 OT 
33,69 OT 

8,34 OT 
31,46 OT 

Finalment, s 'analitzen els resultats obtinguts, segons !es caracterfstiques de /es cavitats. 
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RESUMEN 

La nota muestra las resultados obtenidos con la localizaci6n de 2194 individuos de 4 especies de murcielagos (Chiroptera) en 
46 cavidades naturales de Galicia (NO Espana). Se han tornado dos tipos de medidas para cada individuo /ocalizado: distancia a 
la entrada de la cavidad y altura sabre el sue/a. Los resultados obtenidos fueron las siguientes: 

«Rhinolophus ferrum-equinum» 19,00 15,66 DT y 2,01 1,85 
0,58 m. 
0,63 m. 
4,65 m. 

«Rhinolophus hipposideros» 23,68 33,69 DT y 0,80 
«Plecotus spp» 15,50 8,34 DT y 1,43 
«Miniopterus schreibersii» 77,72 31,46 DT y 11 , 12 

Se discuten Jos resu/tados de acuerdo con las caracterfsticas de las cavidades en esta parte de Espana. 

SUMMARY 

This article is about the results obteined in a study over 2194 locations of 4 species of bats (Chiroptera) in several natural 
caves of Galicia (North-Western Spain). 

Each one of the 4 species was studied separately, and two different measures were made: the distance from the bat ' site to 
the cave entrance and also the distance to the cave ground. 

For every one of them the results were as it follows; 

«Rhinolophus ferrum-equinum» 19,00 15,66 DT & 2,01 
0,80 
1,43 

1,85 
0,58 m. 
0,63 m. 
4,65 m. 

«Rhinolophus hipposideros» 23,68 33,69 DT & 
«Plecotus spp» 15,50 8,34 DT & 
«Miniopterus schreibersii» 77,72 31 ,46 DT & 11, 12 

Finally, the different results obteined, according to the characteristics of the caves are discused. 

lntroducci6n 

El reparto interespecifico de los recursos en el seno de comuni
dades de Quiropteros, esta basado en diferencias en las caracte
rfsticas del vuelo (FENTON, 1972), modos de alimentarse (KUNZ, 
1973) y tamar'ios de presa (BLACK, 1972; ver tambien FINDLEY, 
1976). En esta nota ensayamos la significacion de las diferencias 
en la localizacion espacial durante el descanso, basicamente 
invernal , dentro de las especies mas importantes de la comunidad 
de murcielagos cavernfcolas del N.O. lberico. Aunque esta varia
ble probablemente no puede compararse en importancia a las 
formas de acceder a los recursos troficos , tiene especial interes 
para diferenciar el comportamiento de las distintas especies du
rante el perfodo en el que permanecen en reposo. 

Material y metodos 

Durante el perfodo 1982 a 1984, se han realizado 68 visitas 
a 46 cavidades naturales de Galicia. Las visitas corresponden a 
las 4 comarcas de esta region que poseen afloramientos calizos 
de importancia: Valdeorras (Ourense), Caurel y Louzara, Triacaste
la y Mondor'iedo (Lugo). Los datos de localizacion corresponden 
a distintos perfodos del ar'io aunque la mayor parte de las prospec
ciones se llevaron a cabo entre octubre y abril , coincidiendo con 
la epoca de mayor ocupacion de las cavidades (ver GIMENEZ 
et al. , 1985). 

En cada una de las visitas , se tomaron datos sobre el numero 
de individuos y especies presentes, anotandose la distancia de 
cada individuo al suelo de la cavidad y a la salida al exterior mas 
proxima. Para esta ultima medida se han utilizado las topograffas 
realizadas por distintos grupos de espeleologfa deportiva que 
actuan en Galicia. 

Se ha reunido informacion referente a las especies siguientes: 
Rhinolophus ferrumequinum (RF) 374 localizaciones, R.hipposide
ros (RH) 55, Miniopterus schreirbersii (MS) 1752, y Plecotus spp. 
(ver GIMENEZ et al. , 1985) (PA) 11 . En su conjunto suman un 
total de 2194 localizaciones . 

Resultados y discusi6n 

La tabla 1 reune los resultados medios obtenidos para cada 
especie con respecto a las distancias al suelo y a la entrada de 
las cavidades. 

RF RH PA MS 

A la entrada 19 ± 15,66 23,6 ± 33,6 15,5 ± 8,3 77,7 ± 31,4 
Al suelo 2 ± 1,85 0,8 ± 0,5 1,43 ± 0,6 11,1 ± 4,6 

Tabla 1. Va/ores medias y desviaci6n tipica. Abreviaturas en el texto 

Destaca la preferencia por lugares profundos y altos en Miniop
terus. R. hipposideros se segrega por la escasa altura a la que 
suele situarse (Figuras 1 y 2) . 

Consideradas en conjunto, apenas existen diferencias entre 
la localizacion de las especies, tanto para distancias a la entrada 
(F = 1,8 P < 0,25; Analisis de la Varianza), como para distancias 
al suelo (F = 1,7; P < 0,25). Sin embargo si se estudian diferencias 
entre pares de especies (tabla 2), los valores mas significativos 
se obtienen para las distancias a la entrada de la cavidad. Esto 
es, las cuatro especies parecen seleccionar distintos emplaza
mientos con respecto a la entrada masque con respecto al suelo. 

Por otro lado entre aquellas especies que son mas similares 
en cuanto a la forma de agruparse durante el reposo, R. ferrum
equinum, R. hipposideros y Plecotus, que descansan en solitario 
o en pequer'ias formaciones, se dan los valores mas significativos 
con respecto a las dos variables medidas. 

Para interpretar los resultados obtenidos en la prueba, convie
ne tener presente las caracteristicas de las cavidades en esta 
parte de Espana. Un porcentaje en torno al 80 % de las cavidades 
naturales gallegas conocidas no supera la altura media de 4 m 
a traves de su recorrido . Por el contrario la longitud media de 
estos refugios es mayor de 100 m. Consecuentemente, la selec
cion de areas de descanso con respecto al suelo ha de realizarse 
sobre un espacio disponible menor que con respecto a la entrada. 

RF RH PA MS 

RF 2, 17 * 2,22 * -1 ,09 
RH 1,84 2,34 * -1,44 
PA 2,06 1,06 -1,45 
MS - 1,06 -1 ,35 -1,40 

Tabla 2. Va/ores de la t de Student en comparaciones de distancias al suelo y a 
la entrada; (dcha e izda respectivamente ). • P < 0,05. 

Por otro lado, razones de tipo biologico, que separarfan a 
especies que pasan todo el ciclo anual en los mismos refugios , 
de aquellas que tan solo los utilizan en determinadas epocas, 
pueden condicionar la seleccion de los emplazamientos. 

Finalmente, durante la primera y ultima parte del reposo inver-
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50 

1,5 J 6 9 12 >12 m 15 JO 60 90120>120 m. 
Figura 1.- Porcentajes de localizaciones de cada una de las especies con respecto 
al suelo (izda) y entrada de las cavidades. Abreviaturas en el texto. 

nal, las salidas de los animales para alimentarse, podrfan causar 
el acercamiento a la entrada de la cavidad, lo que supondrfa un 
ahorro de tiempo en las incursiones al exterior. La escasez de 
datos bien repartidos estacionalmente no permiten concretar nada 
en este sentido. Finalmente, la falta de informaci6n reciente acer
ca del uso del espacio durante el reposo, en otras areas de 
Espana (ver p. ej . las revisiones de TUPINIER, 1982 y CAROL y 
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x 
PA -d t E$3+dt 
MS 

RH 
RF 

10 JO 50 70 90 110 
Figura 2. - Oistancias a la entrada de la cavidad. Se indican medias y desviaciones. 
Abreviaturas en el texto. 

SAMARRA, 1983) y la poca extensi6n de la zona de estudio, no 
permiten una discusi6n completa de nuestros resultados. 
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Les Hydrobides de l'Europe de l'Ouest (Moll.Gast.Prosobr.) 

R. Bernasconi 
Societe Suisse Speleo/ogie 

RESUM 

Presentem una ressenya actualitzada de la distribuci6 geogra.fica dels Hidrobids a Espanya, Franr;:a, Benelux, Alemanya, Austria, 
Sui'sa i Italia, utilitzant una c/assificaci6 simplificada, atenent-nos a /es ultimes investigacions. 

RESUMEN 

Presentamos una resefia puesta al dfa de la distribuci6n geografica de los hydrobidos en Espana, Francia, Benelux, Alemania, 
Austria, Suiza, Italia, utilizando una clasificaci6n simplificada teniendo en cuenta las ultimas investigaciones. 

SUMMARY 

An up-to-date review of the geographical distribution of Hydrobioidea in Spain, France, Benelux, Germany, Austria, Switzerland, 
Italy, is presented as well as a simplified systematical classification related to the newest researches. 

Plusieurs travaux recents ont apporte des connaissances nou
velles sur la systematique des Hydrobioidea, entrainant non seule
ment des complements des donnees deja acquises, mais aussi 
des corrections. II me semble done utile de tenter une mise a 
jour des connaisssances actuelles. . 

Cette mise a jour sera limitee par trois restrictions. Elle sera 
tout d'abord limitee aux especes dont l'anatomie a ete etudiee; 
quelques especes dont les donnees anatomiques sont trop incom
pletes ou incertaines restent cependant d'un classement systema-

tique sujet a caution. Elle sera ensuite limitee geographiquement 
a l'Europe de l'Ouest, les pays balcaniques ayant fait l'objet d'une 
revision etendue par RADOMAN 1983. Enfin, elle sera restreinte 
du point de vue systematique aux Hydrobioidea sensu GIUSTI, 
PEZZOLI 1980 nee RADOMAN 1983. 

Du fait des deux dernieres restrictions, seules les families des 
Hydrobiidae (y-inclus Orientalidae sensu RADOMAN 1983 = Moi
tessieridae sensu GIUSTI, PEZZOLI 1980) et Bythinellidae font 
l'objet de cette mise a jour; les families des Lithoglyphidae, Emme-
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ricidae, Pyrgulidae, Lithoglyphulidae, Micropyrgulidae, Turriscaspi
da et Baicalidae ne sent pas prises en consideration. 

La systematique generale adoptee ici est basee sur les dernie
res donnees en matiere (RADOMAN 1983; BERNASCONI 1984; 
GIUSTI, BODON 1984); la liste des especes est basee sur !'ensem
ble de la litterature specialisee et tient compte des donnee les 
plus recentes, en partie meme inedites ou sous presse. 

Cette mise a jour est presentee de fac;:on concise sous forme 
de cartes de distribution geographique pour chaque famille et 
sous-famille (v. Fig. 1 a 8). Elle concerne 91 especes et sous-

TABLA 1 

1.1a 
1.1b 
1.1c 
1.1d 
1.1e 
1.2 
1.3 
1.4a 
1.4b 
1.5 

TABLA 2 

1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 

BYTHINELLIDAE 

Bylhinella schmidti schmidli 1.6a 
Bythinella schmidti ssp.A 1.6b 
Bythinella schmidti ssp.B 1.7 
Bythinella schmidti ssp.C 1.8 
Bythinella schmidli insubrica 1.9 
Bythinella reyniesii 1.1 O 
Bylhinella bicarinata 1.11 
Bylhinella pupoides pupoides 1.12 
Bythinella pupoides phreaticola 2.1 
Bythinella vesontiana 2.2 

Bythinella carinulata carinulata 
Bylhinella carinulata viridiformis 
Bylhinella viridis 
Bythinella dunkeri 
Bythinella compressa 
Bythinella bandensis 
Bythinella bavarica 
Bythinella austriaca 
Marsloniopsis scholtzi 
Marstoniopsis insubrica 

HYDROBIIDAE Hydrobiinae (d'eau douce) 

Pseudoamnicola lucensis 
Pseudoamnicola conovula 
Pseudoamnicola moussoni 
Pseudoamnicola gasulli 
Pseudoamnicola (Corrosella) luisi 
Pseudoamnicola (Corrosella) falkneri 
Pseudoamnicola (Corrosella) anteisensis 

2.1 
2.2 

Mercuria confusa 
Mercuria zopissa 

especes distribuees sur 23 genres et sousgenres et 7 families 
et sous-families . 

Je me limite a quelques constatations d 'ordre general. La 
plupart des 23 genres d 'Hydrobides consideres ici semble avoir 
une distribution en preponderance mediterraneenne; lslamia et 
Sadleriana representent des elements balcano-adriatiques et 7 
genres (Marstoniopsis et Bythinella; Belgrandiella et Bythiospeum; 
Hauffenia; Avenionia; Moitessieria) colonisent aussi !'Europe cen
trale. La sous-famille des Hydrobiinae, qui est probablement la 
plus primitive, comprend des especes d'eau saumatre (Hydrobia) 

TABLA 3 

1.1 
1.2 
1.3 
1.4 
1.5 

TABLA 4 

1.1 
1.2 
1.3 
1.4 

2.1 
2.2 
23 

Moitessieria simoniana 
Moitessieria rolandiana 
Moitessieria cf simoniana 
Moitessieria lineolata 
Moitessieria rayi 

Belgrandia gibba 
Belgrandia caprai 
Belgrandia mariatheresiae 
Belgrandia minuscula 

Alzoniella finalina 
Alzoniella sigestra 
Alzoniella feneriensis 

HYDROBIIDAE Moitessieriinae 

2. Paladilhia pleurotoma 

HYDROBIIDAE Orientaliniinae 

3. 
4. 
5. 
6. 

Fissuria boui 
Litthabitella elliplica 
Sadleriana fluminensis 
Horatia gatoa 
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et d'eau douce (Pseudoamnicola, Mercuria), toutes limitees aux 
zones c6tieres. La distribution actuelle des 21 autres genres et 
sous-genres reflete leur colonisation des eaux continentales, par
fois leur destruction pendant les glaciations et leur recolonisation. 
Digne de note enfin la coexistence de genres et sous-families 
divers, ce qui est peut-etre responsable de la variete de combinai
sons anatomiques et conchyliologiques que l'on constate. 

Nos connaissances malgre tout lacunaires des Hydrobides et 
les aspects cites ci-dessus rendent tres complexe et problemati
que tout essai de reconstruction quant a leur origine, leur phyloge
nie et leur colonisation des eaux douces. 

HYDROBIIDAE Belgrandielliinae I TABLA 5 

1.1 
1.2 

Belgrandiella saxatilis 
Belgrandiella pupula 
Belgrandiella pyrenaica 
Belgrandiella cantabrica 
Belgrandiella ateni 
Belgrandiella andalucensis 
Belgrandiella parreysii 

2.1 
2.2 

Arganiella pescei 
Arganiella exilis 

1.3 
1.4 
1.5 
1.6 
1.7 

TABLA 6 HYDAOBIIDAE Belgrandiellinae II 

1.1 a Bythiospeum diaphanum diaphanum 1.8 Bythiospeum (lglica) pezzoli 
1. t b Bythiospeum diaphanum dorvani 1.9 Bythiospeum (lglica) forumjulianae concii 
1.lc Bythiospeum diaphanum charpyi 2 Phrealica bolei 
1.1 d Bythiospeum diaphanum quenstedti 3 Pseudoavenionia pedemontana 
1 .1 e Bythiospeum diaphanum lamperti 4a Paladilhopsis cornucopia cornucopia 
1.2a Bythiospeum bressanum bressanum 4b Paladilhopsis cornucopia virei 
1.2b Bythiospeum bressanum diasphanoides 4c Paladilhopsis cornucopia robiciana 
1.3 Bythiospeum garnieri 
1.4 Bythiospeum articense 
1.5 Bythiospeum tschapeki 
1.6 Bythiospeum pellucidum 
1.7 Bythiospeum helveticum 
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TABLA 7 

1.1 
1.2 
1.3 

TABLA 8 

1a 
1b 
1c 
1d 
2 

HYDROBIIDAE Pseudohoratiinae 

Hauffenia tellini 
Hauffenia sturmi 
Hauffenia schuelei 

Sl)O 

1.4a 
1.4b 
1.4c 

0 
100 

Hauffenia minuta globulina 
Hauffenia minuia minuta 
Hauffenia minuta spirata 

. 

HYDROBIIDAE lslamiinae 

lslamia pusilla pusilla 
lslamia pusilla ssp.B 
lslamia pusilla ssp.C 
lslamia pusilla ssp.A 
Pauluccia minima 

3.1 
3.2a 
3.2b 
3.2c 
3.2d 

Avenionia ligustica, A. parvula 
Avenionia brevis brevis 
Avenionia brevis berengueri 
Avenionia brevis bourguignati 
Avenionia brevis roberti 
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Chirotteri cavernicoli di Sicilia 

RESUM 

B. Zava*, A. Corrao** & E. Catalano*** 
• Associazione per to Studio e ta Protezione dei Pipistrelli 

•• tstituto Zooprofilattico Sperimentale delta Sicilia 
••• Jstituto di Zootogia dell Universita di Palermo 

El present estudi analitza Jes dotze especies (anomenades mes endavant) que s'han trobat fins ara a Jes cavitats sicilianes. 
Aquesta compi/aci6 s'ha pogut fer, tant a partir de dades bibliografiques com a partir de Jes observacions efectuades des de /'any 
1978 al 1985 i s'intenta donar una idea prou amplia sabre la seva distribuci6 i el seu status dins la regi6. A mes, proposem una 
serie d 'intervencions que es podrien realitzar en a/gunes de Jes cavitats que aixopluguen colonies de rat penats amena9ats per J'antrofit
zaci6. 

Especies examinades: Rhinolophus ferrumequinum (Sehr.), Rhinolophus hipposideros (Bech.), Rhinolophus euryale (Blasius). 
Rhinolopus mehelyi (Matschie), Miniopterus schcreiberai (Natt.), Myotis emerginatus (Geoffroy), Myotis capaccinii (Bonaparte), Myotis 
myotis (Borkh.), Myotis blythi (Tomes), Pipistrellus pipistrellus (Sehr.), Pleocotus austriacus (Fischer) i Tadarida teniotis (Rafin.) 

RESUMEN 

El presente estudio analiza las dace especies (numeradas mas adelante) halladas hasta ahora en las cavidades sicilianas. Se 
ha deducido par las elementos bibliograficos y par las observaciones realizadas desde el afio 1978 al 1985 y abastecen un cuadro 
sabre la distribuci6n y sabre el estatus de la region. Ademas son propuestas intervenciones a rea/izar en a/gunas otras de las 
cavidades que cobijan colonias de murcielagos amenazados par la antrofizaci6n. 

Expecies examinadas: Rhinolophus ferrumequinum Sehr. Rhinolophus hipposideros Bech. Rhinolophus euryale Balsius, Rhinolop
hus mehelyi Matschie, Miniopterus schreibersi (Natt.), Myotis emarginatus (Geoffroy), Myotis capaccinii (Bonaparte), Myotis myotis 
(Borkh.), Myotis blythi Tomes, Pipistrellus pipistrellus (Sehr.), Plecotus austriacus (Fischer), Tadarida teniotis (Rafin). 

RESUME 

La presente etude analyse Jes 12 especes (enumerees au-dessous) trouvees jusqu 'a present dans Jes cavites siciliennes. II est 
deduit par Jes elements bibliographiques et par Jes observations realisees de 1978 a 1985 et ii fournit un premier tableau sur la 
distribution et sur le status de la region. De plus sont proposees des interventions a realiser en quelques autres des cavites qui 
abritent des colonies de chauves-souris menacees par l'antrophisation. 

Espeeces examinees: Rhinolophus ferrumequinum (Sehr), Rhinolophus hipposideros (Bech), Rhinolophus euryale (Blasius) Rhinolo
phus mehelyi Matschie, Miniopterus schreibersi (Natt), Myotis emarginatus (Geoffroy), Myotis capaccinii (Bonaparte), Myotis myotis 
(Borkh), Myotis blythi (Tomes), Pipistrellus pipistrellus (Sehr), Plecotus austriacus (Fischer), Tadarida teniotis (Rafin). 

lntroduzione 

In Sicilia si conosce l'esistenza di un elevate numero di cavita 
carsiche e vulcaniche; ci6 nonostante ben poco si sa ancora sul 
loro popolamento faunistico . Gli studi sulla Chirotterofauna siciali
na sono altrettanto carenti . Si devono a Klemmer & Krampitz 
(1954, 1957) e a Kahmmann (1958) alcune raccolte occasionali. 
Nel 1960 presso l'Universita di Catania viene promosso uno studio 
sistematico della fauna cavtr'nicola siciliana. I risultati delle ricer
che sono raccolti nel Catalogo della Fauna cavernicola di Sicilia 
di Caruso & Costa (1978). Nel 1978 presso l'lnstituto di Zoologia 
dell 'Universita di Palermo si costituisce un gruppo di lavoro siu 
Chirotteri al fine di stabilire la distribuzione e lo status delle specie 
presenti nel territorio siciliano. Negli anni seguenti (1978-1985) 
vengono verificate le segnalazioni bibliografiche e visitate in colla
borazione con i gruppi speleologici 342 cavita site nel territorio. 
Daile prime indagini si evince subito che i pipistrelli sono negli 
ultimi decenni diminuiti sensibilmente. II decline rilevante delle 
popolazioni e senza altro imputabile alle stesse cause accertate 
in Europa (Stebbing & Griffith , 1984): antropizzazione ed uso 
indiscriminate dei pesticidi . Qui di seguito diamo un elenco com
plete delle stazioni per specie (alla provincia segue: ii name della 
cavita secondo ii catasto delle rispettive provincie (Mannino, in 
stampa) (Bella et al. , 1982) (Brunelli & Scammacca, 1975) e, ove 
esiste, ii riferimento bibliografico). Per esigenza di spazio siamo 
costretti a fornire solamente alcune informazioni sullo status delle 
specie finora catturate. Successivamente verra pubblicato ii lavoro 
integralmente (Zava et al. , in preparazione). 

Atropizzazione della cavita 

Le grotte siciliane negli ultimi decenni hanno subito un irreversi
bile processo distruttivo difficilmente intuibile da coloro che non 

si interessano alla speleologia. Numerose «Cattedrali sotterranee» 
santuari di una natura apparentemente non violabile, sono state 
utilizzate come cave, discariche, pozzi neri . I Chirotteri tipicamente 
troglofili prediligono ambienti ipogei caratterizzati da un elevate 
grade igrometrico e da una temperatura generalmente poco varia
bile che si aggira intorno a quella media annuale esterna. Un 
gran numero di cavita del nostro territorio prive di tali requisiti 
non vengono occupate. Le poche cavita elette a rifugio ospitano 
quindi colonie numerose che vi si riproducono da maggio a settem
bre. I rumori e le luci dei numerosi e frequenti visitatori constitui
scono una intollerabile fonte di disturbo che determina una anoma
la attivita riproduttiva. Alcune cavita sono state teatro di vere e 
propie decimazioni di pipistrelli. Nella primavera 1983 in una cavita 
alla periferia di Vittoria (Ag) e stata distrutta una intera colonia 
costituita da circa 500 Myotis myotis. Gli abitanti delle case vicine 
alla cavita, decisi ad eliminare gli innocui animali , riversarono degli 
interi bidoni di combustibile e vi appiccarono ii fuoco. La protezio
ne di un gruppo zoologico importante quale e quello dei Chirotteri 
deve essere immediata: sarebbe auspicabile che tutte le cavita 
ospitanti colonie venissero paste sotto vincolo e che i loro ingressi 
venissero chiusi da cancelli con sbarre orizzontali opportunamente 
distanziate per ii normale passaggio degli animali. In Sicilia l'unica 
colonia protetta con simili accorgimenti e quella della Gretta dei 
Pipistrelli della Necropoli di Pantalica-Sortino (Sr). 

Contaminazione da pesticidi 

Altra causa del decline numerico delle popolazione siciliane 
e la contaminazione da pesticidi clorurati . Dal 1982 sono in corso 
presso l'lstituto Zooprofilattico Sperimentale della Sicilia ricerche 
sulla presenza di residui di pesticidi in pipistrelli . Nella stesso 
anno veniva scoperta una colonia di pipistrelli morti costituita da 
circa 600 esemplari appartenenti alle specie Miniopterus schrei-
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bersi e Myotis myotis. Le analisi tossicologiche svolte dimostraro
no successivamente che la distruzione della intera colonia era 
imputabile all'avvelenamento da pesticidi clorurati ed in particolare 
da pp'=DDT e pp'-DDE. (Corrao et al. , 1985). Successivamente 
furono effettuate ulteriori indagini, tuttora in corso, su esemplari 
di diverse specie provenienti da stazioni ubicate nel territorio 
siciliar.o. Le specie esaminate sono Rhinolophus ferrumequinum 
(6 esemplari) , Miniopterus schreibersi (6 esemplari), Myotis myotis 
(12 esemplari) . I risultati ottenuti, esposti nella tabella n. 1 suggeri
scono che la contaminazione dei pipistrelli da pesticidi organoclo
rurati e un problema di proporzioni piu ampie di quanta i dati 
riportati in letteratura (Clark, 1981) non lascino gia intuire. lnfatti 
la presenza di diversi pesticidi nello stesso individuo puo determi
nare un aumento della tossicita del singolo principio tossico per 
effetto sinergico. Cio costituisce una seria minaccia di estinzione 
per tale importante gruppo zoologico. lnoltre, come e noto (Deb
bie, 1974) i pipistrelli pluricontaminati da pesticidi, a livelli subletali, 
possono attivare alcune infezioni virali latenti. 

Tabella n. 1-Concentrazioni di residui di pesticidi organocloru
rati in mg/kg di peso corporeo. 

Rhinolphus ferrumequinun 

pp'-DDE 
pp'-DDT 
Dieldrin 
Endrin 
Eptacloro 
epossido 
Metossicloro 

< 0.010-0.16 
< 0,010-0.43 
< 0.010 
< 0.010-0.28 

0.11-0.22 
< 0.010-0.94 

Miniopterus 

pp'-DDD 
pp'-DDE 
pp'-DDT 
Dieldrin 

E' la specie piu comune nelle cavita siciliane. Delle stazioni 
sopra riportate soltanto 10 ospitano colonie costituite da un centi
naio di individui. Minacce: antropizzazione e contaminazione da 
pesticidi clorurati (vedi Tab. 1 ). 

Rhinolophus hipposideros minimus Heuglin, 1861 
Prov. di Palermo: G. del Ponte-Palermo; G. di Piano Filici

Godrano; G. di Chiarastella-Baucina. Prov. di Trapani : G. di Gala 
lmpiso-S. Vito lo Capo. Prov. di Catania: G. di Guardo-S. Giovanni 
La Punta (Caruso & Costa, 1978); G. di Monte Corruccio
Linguaglossa (G. Costa com. pers.). Non sono state mai osservate 
colonie di questa specie ii cui numero superava la dozzina di 
esemplari . Sembra non avere abitudini gregarie. Minacce: Antro
pizzazione 

Rhinolophus eurya/e Blasius, 1853 
Prov. di Agrigento: G. dell'Acqua fitusa I-Cammarata. Prov. di 

Siracusa: G. Chiusazza-Floridia; G. dei Pipistrelli-Sortino (Klemmer 
& Krampitz, 1954); G. Palombara-Siracusa (Sichel & Alicata, 1963). 

Le colonie della specie segnalate nella Sicilia Sud-Orientale 
sono minacciate dalla antropizzazione, la grotta chiusazza e stata 
recentemente privata dell'accesso principale ostruito con massi 
di frana siu quali e sorta un edificio prefabbricato i cui scoli fognari 
defluiscono all 'interno di essa. 

Rhinolophus mehelyi Matschie, 1901 
Prov. di Siracusa: G. Chiusazza-Floridia; G. dei Pipistrelli

Sortino (Kahmann, 1958) (Lanza, 1959) (Felten & Storch, 1970); 
G. Palombara-Siracusa (Sichel & Alicata, 1963). 

La specie e stata osservata esclusivamente nella Sicilia Sud
Orientale. Minacce: antropizzazione. 

Vespertilionidae 

Miniopterus Schreibersi (Natterer in Kuhl, 1819) 
Prov. di Palermo: G. presso Carini (Krampitz, 1957); G. dei 

Puntiali-Carini; G. della Rocca Busambra-Corleone. Prov. di Trapa
ni: G. del Riccio-S. Vito lo Capo. Prov. di Agrigento: G. dellAcqua 
fitusa I-Cammarata. Prov. di Messina: G. S. Andrea-Taormina. 
Prov. di Catania: G. lmmacolatella, G. di S. Gregorio-G. lmmacola-

Elen.:o delle specie Rhinolophidae 

Rhinolophus ferrumequinum (Schreber, 1774) 
Prov. di Palermo: G. dei Puntali-Carini; G. del Ponte, G. df''. 

Roveto, G. Addaura Caprara (Mannino, 1985), G. dei Pipistrelli, 
G. della Malara, G. degli Spiriti , G. lmpisu, G. del Catalano, G. 
di S. Zita-Palermo; G. del Fico-Torretta; Pozzo del Ghiro e G. del 
Porcospino Belmonte Mezzagno- G. del Garrone e Zubbion0 
della Pizzuta- Piana degli Albanesi- G. di Cozza lupu-Godrano, 
G. dei Porcospini -Altavilla Milicia; G. del Pinto (Catalano e Zava, 
1981)- Partinico; G. Siino-Cinisi; G. Monostalla-Balestrate; G. del 
Convento-Borgetto; G. della Rocca-Cefalu. Prov. di Trapani : G. 
di Gala lmpiso-S. Vito lo Capo. Prov. di Agrigento: lnghiottitoio di 
S. Angelo Muxaro-S.A. Muxaro; G. dell'Acqua fitusa II-Cammarata. 
Provincia di Catania: G. di Monte Corruccio e G. del Tesoro
Linguaglossa (G. Costa com.pers.); G. della Catanese I-Ragalna; 
G. dell'lmmacolatella I-S. Gregorio; G. del Porcospino-Linguaglos
sa; G. del Burr6-Randazzo. Provincia di Siracusa: G. Calafarina
Pachino (Ragonese, 1966, 1968); G. dei Pipistrelli e G. Truvata
Sortino (Klemmer & Krampitz, 1954). 

schreibersiMyotis myotis 

< 0.010-0.17 
0.15-0.49 

< 0.010-0.22 
0.14-0.29 

Aldrin 
pp'-DDE 
pp'-DDT 
Dieldrin 
Eptacloro 
Lindano 
Metossicloro 

0.11 -0.62 
< 0.010-0.41 
< 0.010-0.65 

0 29-0.43 
< 0.010-0.44 
< 0.010-0.69 

0.52-1 .05 

tella I-San gregorio (Caruso & Costa, 1978); G. della Catanese
Regalna. Prov. di Siracusa: G. dei Pipistrelli-Sortino (Klemmer & 
Krampitz, 1954); G. Palombara-Siracusa (Caruso & Costa, 1978); 
G. Chiursazza-Floridia. 

Una delle specie piu comuni fra i chirotteri cavernicoli presenti 
nel territorio siciliano, forma colonie costituite da diverse centinaia 
di esemplari . Minacce: antropizzazione e contaminazione da pesti
cidi clorurati (Tab. 1 ). 

Myotis emarginatus (E. Geoffroy, 1806) 
Prov. di Palermo: G. presso Carini-Carini (Caruso & Costa, 

1978). Prov. di Catania: G. di Monte Corruccio-Linguaglossa (Zava 
& Catalano, in stampa). La segnalazione delle grotte presso Carini 
della specie in oggetto e di Myotis capaccinii risulta errata infatti 
fra ii materiale raccolto da Krampitz (1957) oggi conservato presso 
ii Senckenberg Museum di Francoforte non vi sono esemplari 
provenienti da Carini . Per quanta riguarda la stazione di Monte 
Corruccio, numerose visite hanno finora avuto esito negative. 

Myotis capaccinii (Bonaparte, 1837) 
Prov. di Palermo: G. presso Carini (Caruso & Costa, 1978) e 

G. dei Puntuali-Carini. Prov. di Agrigento: G. dellAcqua fitusa 
I-Cammarata. Prov. di Siracusa: G. Calafarina-Pachino (Ragonese, 
1966 e 1968); G. Chiusazza-Floridia (Caruso & Costa, 1978). 

La specie e stata osservata in cavita molto ampie ospitanti 
grandi colonie in associazione con Miniopterus schreibersi e Myo
tis myotis. Minacce: antropizzazione; sono in corso le indagini tos
sicologiche. 

Myotis myotis (Borkhausen, 1797) 
Prov. di Palermo: G. presso Carini (Krampitz, 1957), G. dei 

Puntali e G. dei Carburangeli-Carini; G. della Malara-Palermo; G. 
dellAcqua ammucciata-Ciminna; G. dei Brigghi-Altavilla Milicia; G. 
della Gulfa-Alia; lpogeo di Castronovo-Castronovo di Sicilia. Prov. 
di Trapani : G. dei Panni-S. Ninfa (Gulino & Dal Piaz, 1939). Prov. 
di Agrigento: Cava di Lampedusa-Lampedusa; G. del Giubbo
Caltabellotta (Caruso & Costa, 1978); G. di Montevago-Montevago; 
G. dellAcqua fitusa I-Cammarata. Prov. di Messina: G. del Lauro
Alcara Li Fusi. Prov. di Catan'ia: G. lmmacolatella-S. Gregorio 
(Caruso & costa, 1978); G. della Catanese I-Ragalna, G. dei Tre 
Livelli-Zafferana (Carusso & Costa, 1978). Prov. di Siracusa: G. 

188 



Calafarina-Pachino (Ragonese, 1966 e 1968); G. de Pipistrelli
Sortino (Klemmer & Krampitz , 1954); G. Palombara-Siracusa (Caru
so & Costa, 1978). 

Prov. di Ragusa: Cava di Vittoria-Vittoria. 
Specie comune che forma grandi colonie estive. Minacce: 

antropizzazione e contaminazione da pesticidi clorurati (vedi Tab. 
1 ). 

Myotis blythi, Tomes 1857 
Prov. di Palermo: G. dei Puntali-Carini . 
Prov. di Catania: G. Cantarella e G. lmmacolatella 1-S. Gregorio 

(Caruso & Costa, 1978); G. dei Tre Livelli-Zafferana (Caruso & 
Costa, 1978). 

La specie forma colonie miste a Myotis myotis. Minacce: antro
pizzazione. 

Pipistrel/us pipistrellus (Schreber, 177 4) 
Prov. di Palermo: G. del Pinto-Partinico (Catalano & Zava, 

1981 ). Due individui sono stati osservati nella cavita sopra indicata 
in una C<Wochenstuben» di Rhinolophus ferrumequinum. 

Plecotus a. austriacus (Fischer, 1829) 
Prov. di Trapani: G. del Lago di Pantelleria-Pantelleria (Felten 

& Storch, 1970). Prov. di Catania: G. dellAnnunziata, P/ecotus sp. 
(Lanza, 1959, 1961 ). La specie sembra essere rara nelle cavita 
siciliane; purtroppo le uniche segnalazioni bibliografiche esistenti 
non sono state da noi confermate. lnfatti la Grotta dell'Annunziata 
citata da Lanza non e altro che la Grotta lmmacolatella I sita a 
S. Gregrorio: quest'ultima e stata da noi piu volte visitata ma 
della colonia osservata dal Dott. G. Motta non vi e piu traccia. 
Per quanta riguarda la stazione di Pantelleria, un controllo effettua
to nell'Agosto 1985 ha rivelato che la cavita in questione e stata 
adibita a deposito di attrezzi agricoli con la totale ostruzione del
l'ingresso. 

Molossidae 

Tadarida teniotis (Rafinesque, 1814) 
Prov. di Palermo: G. della Kalura-Cefalu . 
La prima segnalazione della cattura di due esemplari effettuata 

probabilmente in una cavita di Monte Pellegrino (PA) si deve al 
Doderlain. (Zava & Catalano, 1984). Nel 1985 e stata scoperta 
una numerosa colonia di questa specie in alcune fessure che si 
aprono in due scogli poco distanti dalla costa. Durante l'autunno 
alcuni individui appartenenti alla colonia sono stati osservati all'in
terno della cavita citata. Minacce: antropizzazione. Durante ii pe
riodo di riproduzione la colonia e stata piu volte molestata da 
vandali e numerosi esemplari sono stati uccisi . (Zava et al., jn 
preparazione) Ringraziamenti . 

Siamo profondamente grati a tutti coloro che hanno collaborate 
alla realizzazione di queste ricerche, ed in particolare a: Giovanni 
Mannino, Vito Buffa e Roberto Cusimano dellAssociazione Spele
oarcheologica Siciliana, a Giovanni Costa, Luigi Lino e Tiziana 
Cigna della Delegazione Sicitia Orientale del World Wildlife Fund. 
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A taxonomic study of cave spiders of tropical Asia 

Christa L. Deeleman-Reinhold. 

RESUM 

Fruit d'un programa de recerca de F. D. Stone a Tailandia i de /'expedici6 de Cambridge a Sumatra /'any 1984, presentem aquf 
naves dades de Jes aranyes cavernfco/es de l'Assia tropical. 

Es comenten i revisen els resultats, els quals van acompayats d'altres materials i de bibliografia. 
S'indiquen /es possibles re/acions entre el/es iamb la fauna de la superffcie. A Tailandia es varen trobar 34 especies, 3 de Jes 

quals tenien ulls redui'ts i una d'elles no en tenia. A Sumatra es varen reunir 12 especies, cap de Jes quals era trog/obia. Ben poques 
pertanyen a especies cosmotropicals mes o menys sinantropiques; la immensa majoria es tracta d'especies no especialitzades, pero 
molt poques d'aquestes especies son conegudes amb certesa ja que poden tambe trobar-se a fora, dins d'una mateixa area. La 
impossibilitat de correlaci6 de moltes de Jes especies amb elements de la fauna epigea es deguda probablement al desconeixement 
que es te d'aquesta ultima. 

Les especies trog/obies es varen trobar disperses per Jes principals zones investigades i pertanyen a una varietat de famflies 
amb una 1/eugera tendencia cap a Jes aranyes aplogines (primitives). 

Un dels descobriments mes interessants es un oonopid cec de Tailandia, que pot pertanyer al genere Disderoides. Fins ara, 
aquest genere, consistent en dues especies cegues, no te cap relaci6 aparent amb la fauna superficial existent. 

RESUMEN 

Como resultado principal de un programa de investigaci6n de F. D. Stone en Tailandia y de la Expedici6n de 1984 Cambridge 
Sumatra, se presentan nuevos datos de arafias cavernfco/as de Asia Tropical. Se comentan y revisan /os resultados junta con otro 
material y bibliograffa. 

Se fijan las supuestas relaciones entre ellos y con la fauna de la superficie. En Tailandia se encontraron 34 especies, 3 de las 
cuales tenfan ojos reducidos y una carecfa de ellos. En Sumatra se recogieron 12 especies, ninguna de las cua/es era troglobia. 
Pacas especies pertenecen a las especies cosmotropicales o mas o menos sinantr6picas; la inmensa mayorfa consiste en especies 
no especializadas, pero muy pocas de el/as son conocidas con certeza por hallarse tambien fuera, en la misma area. El fracaso en 
la identificaci6n de muchas especies cavernfco/as con elementos de la fauna epigea es debido probablemente a la ignorancia de 
esta ultima. 

Las especies troglobias se encontraron dispersas por todas las principales zonas investigadas y pertenecen a una variedad de 
fami/ias con una ligera tendencia hacia las arafias ap/oginas (primitivas). 

Uno de /os descubrimientos mas interesantes es un oonopido ciego en Tailandia, que puede ser asignado al genera Disderoides. 
Hasta ahora este genera, consistente en dos especies ciegas, no tiene re/aci6n aparente con la fauna superficial existente. 

SUMMARY 

New data are presented on cave spiders from tropical Asia, resulting mainly from a research programa by F. D. Stone in Thailand 
and from the Cambridge Sumatra Expedition 1984. The results are discussed and reviewed with other material and Jitterature. 

Supposed relationships with each other and with the surface fauna is assessed. In Thailand, 34 species were found, 3 of which 
with reduced eyes and one eyeless. In Sumatra, 12 species were collected, none of which trog/obitic. A few species belong to 
cosmo-tropical or more or less synanthropic species; the great majority consists of non-specialized species, but very few of these 
are known with certainty to occur also outside in the same area. The failure to identify many cave species with elements of the 
epigean fauna is probably due to ignorance of that latter. 

The troglobitic species are found scattered over all the main areas investigated, and belong to a variety of families with a slight 
bias towards haplogyne (primitive) spiders. 

One of the most interesting discoveries is a blind oonopid in Thailand, which can be assigned to the genus Dysderoides. At 
present this genus, consisting of two blind species, is without apparent relationship with the existing surface fauna. 

The spider collections resulting from a research project in 
Thailand by F. D. Stone (B. Bishop Museum, Honolulu) and that 
of the Cambridge Sumatra expedition were entrusted to me for 
identification. In this paper the results will be enumerated, 
commented upon and compared with data from litterature. 

Data from tropical Asian cave spiders are scarce. The main 
source comes from collecting by Simon (1983) in two caves near 
Manila (9 species, 2 troglobitic), repeated investigations in the 
Batu cave (14 species described by Fage, 1929, Bristowe, 1952 
and Roewer, 1962, 1-2 of which troglobitic) and a biospeleological 
expedition to Ceylon by Aellen and Strinati (Brignoli, 1972 9 
species, none of which troglobitc). During the Papua New Guinea 
Expedition Beron and Chapman brought back 43 yet unpublished 
spider species from caves, among which 3 blind oonopids 
(Brignoli, 1981 ). Extensive collecting was also done by Chapman 
in the caves of the Mulu National Park in eastern Sarawak 
(Chapman, 1982). 

Stone's collections from Thai caves, made between 1973 and 
1981 are among the most important of tropical Asia and comprise 
several hundreds of specimen belonging to 36 species, 4 of which 
troglobitic. Detailed descriptions of this material will be published 

by myself. The Cambridge Sumatra Expedition to Aceh and Deli 
came back with 12 species, several endemic, but non 
troglobitic. 

Part of the collected specimens in tropical Asian caves belongs 
to cosmotropical species of widely distributed synathropic species 
(also in the Americas): Scytodes fusca Walckenaer, Loxosceles 
rufescens (Dufour), Physocyc/us globosus (Taczanowski), 
Heteropoda venatorial L., Theridion rufipes Lucas and Uloborus 
geniculatus Olivier. 

More or less synanthropic spiders with a wide local distribution 
are Scytodes venusta (Thorell), Uthina luzonica Simon (also 
between roots, rock crevices etc.) Pholcus ceylonicus Cambridge 
(also hollow trees, sheds, etc.,) Titanoeca fulmeki Roewer and 
Psechrus singaporensis Thorell (also between tree roots, under 
overhanging rocks and around houses). The pale green Calapnita 
vermiformis Simon, first discovered in a cave near Manila, is now 
known to live normally in dense rainforests on the underside of 
large leaves and in distributed over the whole Malay Archipelago. 
The tiny pholcid Spermaphora miser Bristowe, first described 
from Batu cave, occurs in forestfloor litter in Malaysia, Sumatra 
and Borneo. 
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Many of Stone's species are new to science. This does not 
mean that they are exclusively cave-species, it rather reflects our 
ignorance of the surface-spider fauna of Thailand, which country 
is almost a white spot from arachnological point of view. 
Interesting in this context is our recently made collection of 
groundspiders of the rain-forest of Khao Yai National Park, situated 
in the vicinity of one of the investigated areas. 

Only one of the 40 spider species (an endemic lschnothyreus, 
Oonopidae) was found in common. 

The great majority of South East Asian cave spiders in general 
show no visible adaptations to the underground environment and 
this suggests that they are not limited to caves, but have invaded 
them recently from outside. Surprisingly few examples can be 
given of records of species from both caves and surface: I may 
mention Paculla wanlessi Bourne from Mulu, North Borneo that 
was found in forest leaflitter and caves; several species of 
Althepus (Ochyroceratidae) were found both in forest and caves. 
The before mentioned Jschnothyreus n. sp ., found by Stone in a 
Thai cave was recently also collected in the Khao Yai National 
Park, not far from the cave, but situated on a sandstone area. 
The very primitive spiders of the genus Liphistius were thoroughly 
quested for in the Malay Peninsula by W. C. Sedgwick, both in 
caves and on the surface; L. batuensis Abraham and L. langkawi 
Platnick and Sedgwick in spite of any apparent underground 
adaptation , were only found in caves in a very limited area. On 
the contrary, L. desu/tor Schiodte, L. malayanus Abraham, L. 
murphyorum Platnick and Sedgwick, L. yangae Platnick and 
Sedgwick and L. trang Platnick and Sedgwick were only found 
on the surface as endemic allopatric species. It should be 
assumed, then that in this area an ecological segregation, followed 
by speciation in Liphistius has taken place. Probably, genera or 
spacies groups in the Ochyroceratidae, Pholcidae, Eusparassidae 
and Nesticidae have split up in innumerable allopatric forms, 
slightly differing morphologically (a nightmare for taxonomists !) 
and here, ecological segregation may have ocurred too. 

In caves, Eusparassidae are among the most numerous in 
individuals, mostly of the genus Heteropoda, but they are nearly 
always non-adult. Heteropoda venatoria L., the well know «banana 
spider» or «tropical house spider» has followed Man all over the 
tropical world; it has been cited from caves, but just as likely 
cave specimens could belong to one of the as likely cave 
specimens could belong to one of the countless local endemic 
species that wander at great speed over the forestfloor. It has 
been observed that young Eusparassids come down into caves 
for a safe place to moult. 

In the ochyroceratid Speocera microphtha/ma Simon from 
Luzon caves, males of cave populations differ from those living 
outside in detritus only by the possession of a highly developed 
stridulatory organ in the chelicerae, which is absent in males 
outside. A similar phenomenon is said to occur in the Spermaphora 
miser (Pholcidae) population in Batu cave, which is said to have 
a stridulatory organ on the abdomen (also in females) not present 
in specimens outside. 

Troglobitic spider species in tropical Asia are scarce. An 
eusparassid species with reduced eyes from Batu cave 
(Panaretidius microphthalmus Fage) was placed in the genus 
Panaretidius Simon, which till then was represented by only one 
species, cave -dwelling but non- adapted, from Tonkin . Non-adult 
specimens with reduced eyes of similar appearance were found 
by Stone in Thailand caves and have been listed in this genus 
in Appendix I. The Eusparassidae, very numerous in species and 
individuals all over southeastern Asia, are very incompletely 
known ; their taxonomy is confused and no recent revisions have 
been made; the close relationship of the cavernicolous 
Panaretidius may rest on adaptive convergence and therefore 
spurious. 

The type species of the achyroceratid genus Psi/oderces, P. 
egeria Simon is a troglobite with pale colour, much reduced eyes 
and lengthened limbs. Another troglobitic Psiloderces was 
discovered by Stone. The pale little spider, pictured i Chapman 
1982 in a Mulu cave (p. 145, fig .3) looks like a Psiloderces too .. 
Formerly, the Ochyroceratidae were considered to be generally 
cavernicolous (Fage, 1912), but at that time the gigantic numbers 

of species of tiny spiders living in groundlitter and humus in 
rainforests were hardly known and never categorically 
investigated. Most of the Althepus species probably live both in 
caves and outside; I found them personally in most rainforests 
in large linyphiidlike sheetwebs between tree roots, riverbanks 
etc. and also in caves , but none of these long legged spiders 
show the slightest tendency to losing pigment or decreasing eye 
size. I also found many species of normally pigmented Psiloderces 
all over the area in most leaflitter in rainforest. The troglobitic 
Psiloderces species are in my view probably closed related to 
local forest-dwelling species than to each other. 

Eyeless spiders in caves in S. Asia appear to be rarer than 
in temperate climates. Numerous blind mygalomorphs are known 
in Central America and Mexico (Gertsch , 1982) whereas in Asia, 
only one species is known to be blind: Masteria caeca from Luzon . 
This is not so surprising as it seems, because mygalomorphs in 
general are considerably more frequent in the New world than in 
the Old. 

One rather strange oonopid: Oysderoides typhlops Fage was 
found in a montane cave in northern India, not strictly tropical 
therefore; another species, also completely eyeless was found in 
Thailand . The two species are probably closely related, as they 
both have a protuberance on the mesal side of the chelicerae, 
which is a derived character, indicating close relationship . More 
blind oonopids were discovered in New Guinea caves. A totally 
eyeless tetrablemmid was described from a Sumatra cave and 
a blind spermaphora (Pholcidae) was mentionned from Papua 
New Guinea (Brignoli 81).Oonopidae, Tetrablemmidae and 
mygalomorph Dipluridae of the genus Masteria are small, humus 
or soil-dwelling creatures -oonopids are also known from 
termitenests- -all these are known to lose their eyes relatively 
easy and they are also considered to be relatively primitive. But 
not all blind spiders are primitive. 

A most intriguing, completely eyeless specimen of the family 
Clubionidae, subfamily Liocraninae, was discovered in a cave in 
northern Ceylon by B. Sket. This is the second known troglobitic 
representative in the world of this large worldwide family and at 
the same time the first blind entelegyne (a derived polyphyletic 
group) spider in tropical Asia. Its relationships till now remain 
obscure, allthough fairly close relatives have been found 
elsewhere in tropical Asia. I should like to remark here that Ceylon 
has been the stage of intensive speciation in ground-dwelling 
clubionids, especially in the genus Oedignatha (subfamily 
Corinninae). In spite of Ceylon being fairly well investigated in 
the past, no close relatives of this strange spider have been 
discovered on the island yet. 

Conclusion 

In general, the numerical composition of families and genera of 
the tropical Asian cave fauna reflets more or less the surface 
fauna of the concerned regions , particularly that which inhabits 
analogous habitats like rock crevices, hollow trees and detritus. 
Many species, particularly grounddwellers with nocturnal habits 
surely are attracted by the guano as food source. Presence or 
absence of trogoblitic species probably depends a great deal on 
the type and the depth of the cave and the nature and the extent 
of the cave-generating rock . Whereas the cave spider fauna of 
temperate regions and specifically that of the well investigated 
Mediterranean fauna consist mainly of Dysderidae, Linyphiidae, 
Leptonetidae and Agelenidae, all essentially families of temperate 
climates, in tropical Asian caves these families are replaced by 
representatives of tropical families. 

Some families occur in caves both in temperate and tropical 
climates: Nesticidae, Pholcidae, Scytodidae and Filistatidae, the 
latter being typical entrance spiders. The ecologial of the 
Linyphiidae and Leptonetidae is in the tropics taken over by the 
Ochyroceratidae and possibly Theridion rufipes, the Disderidae 
are replaced by Scytodidae, the genus Meta by the Uloboridae. 
There are a few surprises: a number of families which are abundant 
in South Asian ground-habitats and other dark moist habitats 
such as Zodariidae, Clubionidae s. I. , Tetrablemmidae, Anapidae 
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and Tlemidae are, with the exception of one blind tetrablemmid , 
absent from cave spider records. Spiders of the last three families 
are pinpoint-sized and easily escape attention . 

I believe that S. Asian caves still have a lot of intriguing 
creatures in store, and that further searching efforts in the right 
places will lead to the discovery of a variety of exciting 
novelties. 
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Appendix I 
Species list of cave spiders collected by F. D. Stone in Thailand 
1973-1981 

Scytodidae 
Loxosceles rufescens (Dufour) 

Dictis venusta Thorell? 
Ochyroceratidae 

Althepus new species 
Psiloderces new species (troglobite) 
Speocera sp. 

Oonopiae Oonopiae 
lschnothyreus new species 
lschnothyreus new species (also in forest) 
Dysderoides new species (troglobite, eyeless) 
Opopaea new species 

Pholcidae 
Pholcus subgenus Pholcus new species 
Pholcus subgenus Uthina new species 
New genus new species 
Physocyclus globosus (Taczanowski) 

Gnaphosidae 
Zelotes new species apricorum group 
Palicanus new species 

Clubionidae 
New genus new species 

Ctenidae 
Ctenus new species (troglibite) 
Ctenus spec. 

Eusparassidae 
Heteropoda spec. 
Heteropoda spec 
Panaretidius spec. (troglobite) 

Zodariidae 
Suffucia spec. 

palpimanidae 
Boagrius new species 

Lycosidae 
Hippassa spec. Theridiidae 
Theridion rufipes Lucas 
gen. spec. 
gen. spec. 

Nesticidae 
cf . Nesticella aelleni (Brignoli) 
cf. Nesticella buiconghiensis Lehtinen 

Araneidae 
Araneus spec 

Anapidae 
Pseudanapis paroculus Simon 

Filistatidae 
Pritha spec. 

Uloboridae 
Philoponella nasuta Thorell? 
Philoponella spec. 

Appendix II 
Species list of cave spiders collected during the Cambridge 
Sumatra expedition in 1984 in Aceh and Deli. 

Scytodidae 
Loxosceles rufescens (Dufour) 
Scytodes fusca Walckenaer 

Ochyroceratidae 
Althepus new species 

Pholcidae 
Pholcus subgenus Pholcus new species 
Pholcus subgenus Uthina new species 
Pholcus subgenus Uthina luzonica Simon 

Eusparassidae 
Heteropoda spec. 

Oxyopidae 
Oxyopes lineatipes C. L. Koch 

Theridiidae 
Theridion rufipes Lucas 

Psechridae 
Psechrus singaporensis Thorell 

Amaurobiidae 
Titanoeca fu/meki Reimoser 

Uloboridae 
Zosis geniculatus (Olivier) 
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La grotte «Koumelos» Archangelou - Rhodes 

RESUM 

Par Anna Petrochilou* et Adams Sampson** 
• Speleologue 

•• Archeologue 

La cova de Koumelos es troba situada cap al S.E. de la zona costanera de/ poble d 'Archangelou Rhodes, a una altitud aproximada 
de 120 m. 

S'obre a la roca calcaria i la seva superffcie es de 1.400 m2. 
Esta decorada amb magnffiques concrecions i presenta sis sales amb columnes estalactftiques. Ha estat explorada per Anna 

Petrochilou /'any 1977. L 'arqueoleg Or. Adam Sampson, /'any 1979, va realitzar excavacions en tres sales fins a una profunditat de 
1,80 m. i va descobrir restes de l'epoca neolftica, micenica i helenfstica: vasos de ceramica i de pedra, utensi/is d 'obsidiana, liars 
de foe amb cendra, restes d 'aliments, caixals de psamita, ossos d 'animals i d 'ocel/s, c/osques, etc. 

Aquestes trobal/es pertanyen a dues epoques. La mes antiga, localitzada en dos nivells, es neolftica. La mes recent pertany, 
possiblement, a/s inicis de /'edat de/ Bronze. 

A traves d 'aquestes investigacions s'ha pogut demostrar que la cova ha estat habitada periodicament des de/ Neolftic fins a 
/'epoca helenfstica. 

RESUMEN 

La cueva Koumelos se ha/la hacia el S.E. de/ litoral de/ pueblo de Archangelou Rhodes a una altitud aproximada de 120 m. 
Se abre en las rocas calizas y su superficie es de 1.400 m2. 
Esta decorada con esplendidas concreciones y presenta 6 salas con columnas estalactfticas. Ha sido explorada por Anna 

Petrochi/ou en 1977. El arque6/ogo Dr. Adam Sampson, en 1979 rea/iz6 excavaciones en tres sa/as hasta una profundidad de 1,80 
m. Oescubri6 estos restos de la epoca de/ Neolftico, Micenico, y Helenfstico: vasijas de ceramica, de piedra, utensi/ios de obsidiana, 
hogares con cenizas, restos de alimentos, mue/as de psamita, huesos de anima/es y pajaros, cascaras, etc ... 

Estos hal/azgos pertenecen a dos frases. 
La mas antigua, que se encuentra a dos niveles es neolftica. La mas reciente, quizas, pertenece a la primera epoca de/ bronce. 
A traves de estas investigaciones se ha probado que la cueva ha sido habitada por perfodos, es decir, de la epoca de/ Neolftico 

hasta la epoca Helenfstica. 

SUMMARY 

The cave Koumelos is situated towards the South East littoral of the village of Archangelou in Rhodes, at an elevation of 120 
m. It is opened into ca/cair and its surface is about 1.400 m2. It is decorated with splendid stalactites and stalagmites. It is divided 
into six sections by stalactic columns. It was exploited by Mrs. Anna Petrochi/ou in 1977. 

In 1979 excavations took place by the Archeologist Dr. Adam. Sampson, in the three frist sections up to 1,80 m depth. He has 
discovered findings of the Neolithic, Mycenean and Hellenistic period: earth and stone vases, obsidian tools, hearths with ashes, 
remains of food, mills of sand stone, bones of animals and birds, shells, etc. These discoveries belong to two phases. The more 
ancient, which is situated in two levels, is Neolithic. The more recent may belong to the early epoque of Bronze. After these 
discoveries, it is proved that the Cave had been inhabited in periods. That is to say, from the Neolithic Epoque up to the Hellenistic 
Epoque. 

Site - Accessibilite 

La grotte de «Koumelos» se situe au sud-est du village d 'Ar
changelos , a une distance de 6 kms de cette localite, dans une 
region tres escarpee du bord de mer. L'entree de la grotte se 
trouve approximativement a une altitude de 120 m. Le village 
d 'Archangelos est relie a la cite de Rhodes par une route asphal
tee de 33 kms . Un petit chemin de terre commence a Archangelos 
et se termine apres 4 km . Le reste de la distance jusqu 'a la 
grotte est traverse a pied . 

Constitution geologique de la region 

La region de l'ouverture de la grotte est constituee de calcaire 
triasique couvert d'une couche de terre marron , de couches de 

loupes de chert et de dolomites. Ces couches contiennent des 
Halobia stiriaca (MOJS) et des Halobia cf. subreticulata (CEMEL), 
Les formations des asbestes ont ete decrites et projetees sur 
des cartes par E. Mutti , G. Orombelli , R. Pozzi, etc ... 

Voir «Annales Geologiques des Pays Helleniques, Vol. 22, 
(1970) , (entier). 

La Grotte 

L'entree de la grotte est d'une dimension d '1,20 x 1,50 m. 
Apres une descente abrupte, et a une profondeur de 3 m environ , 
on y trouve la premiere salle (le «Palais»), dont les dimensions 
sont de 11 x 8 x 6 m. (longuer, largeur, hauteur) et qui se distin
gue par ses cotes constitues de merveilleuses colonnes de stalac
tites . A la gauche de cette salle on trouve une deuxieme salle 
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legerement en pente, le «Pronaos», d 'une dimension de 
12 x 5 x 4 m, et un peu plus a gauche encore on trouve la 
troisieme salle d'un niveau horizontal , le «Naos» (Temple), dont 
les dimensions sont de 19 x 12 x 4-6 m. Ces deux salles sont 
richement decorees par de magnifiques formations de stalactites. 
Au plus haut point du «Pronaos» se trouve une rangee de minces 
colonnes qui separent le «Pronaos» du «Hyperoon» (partie supe
rieure de la piece) dont les dimensions sont de 7 x 8 x 2,50 m. 
Le cote droit de la grotte, qui a une dimension de 25 x 15 x 3-7 
m, est divise en trois longues sections, par deux rangees de tres 
belles colonnes de stalagmites. Sa partie gauche est couverte 
de pierres de grande et petite dimensions, qui se sont brisees 
et sont tombees du plafond . Sa partie droite est une salle appelee 
«Crypte». En son milieu un corridor mene vers les «Catacombes» 
dont l'ouverture abrupte a une profondeur accessible de 18,50 
m. La surface totale est de 1 .400 m2 (metres carres) . 

Creation de la grotte 

La grotte a ete ouverte par une corrosion qui s'est produite 
du nord au sud . Les eaux de pluie sont entrees initialment par 
de petites fissures ouvertes dans la partie la plus haute de la 
grotte. La corrosion et la pression des eaux qui se sont accumu
lees progressivement dans la large cavite, ont creuse la grotte 
de haut en bas sur un angle escarpe. La grotte s'est en meme 
temps elargie vers la droite et vers la gauche. Le phenomene de 
corrosion a ete aide par les eaux qui s'ecoulaient des fissures 
ouvertes tout le long de la grotte. Le processus d 'ouvertu re a 
pris fin lorsque les eaux, qui sont entrees en action dans ce 
processus, ont commence a s'echapper des fissures produites 
dans les parties les plus basses du «Pronaos» et du «Naos», et 
encore bien plus des «Catacombes» ou se trouve un fosse d 'une 
profondeur vert icale accessible de 18,50 m. Les gouttes d 'eau 
qui tombaient des fissures du plafond ont cree des rangees 
paralleles de splendides colonnes de stalagmites qui ont separe 
la grotte en plusieurs parties . Simultanement les petites et les 
plus grandes pierres qui se sont detachees du plafond ont ete 
partiellement recouvertes d 'un decor de stalagmites. L'entree de 
la grotte a ete ouverte bien plus tard. La raison en est la suivante: 

Du fait de la corrosion , une grande partie du sol au nord-ouest 
de la grotte - qui n'avait pas d 'entree a ce moment-la- s'est 
brisee et effondree. Ceci a provoque une grande ouverture vertica
le en direction de la grotte, qui l'a ainsi rel iee a la surface terrestre. 
De nombreux fragments ont roule vers l'interieur de la grotte 
alors que d 'autres - les plus grands- se sont glisses eux-memes 
dans la partie la plus basse de l'ouverture laissant seulement un 
degagement dans sa partie la plus elevee, qui est l'entree d 'au-

jourd'hui cet fait a ete prouve par la grande pierre qui se trouve 
dans la partie la plus basse de l'entree de la grotte et conserve 
encore aujourd'hui la meme morphologie et correspond au vide 
laisse dans eette partie du plafond d'ou la pierre s'est brisee et 
effondree. Les eaux de pluie qui s'infiltraient a l'interieur de la 
grotte ont entraTne d 'autres materiaux avec elles (terre et galets) 
qui, progressivement et tout doucemenet ont recouvert les parties 
les plus basses de la grotte et ont atteint une hauter d 'environ 
2 m. 

L'accumulation de ces materiaux, a ce stade, a finalement 
recouvert les traces humaines des peuples qui ont utilise la grotte 
en tant que domicile au cours de l'epoque neolithique et des 
periodes ulterieures . 

Ces traces sont revenues a la lumiere au cours des fouilles 
dirigees en 1979 par l'Archelogue Adams Sampson , qui a explore 
les 3 premieres salles: c 'est-a-dire le «Palais», le «Pronaos» et le 
«Naos». 

Usage periodique de la grotte Koumelo pendant l'age 
neolithique 

Des traces d 'usage de l'antiquite ont ete remarquees dans 
la grotte Koumelos des le debut de sa decouverte. II y avait des 
ceramiques prehistoriques et hellenistiques tres proche de l'en
tree. Dans les salles 2 et 3 le sol etait aplani par des terres qui 
y entraient avec l'eau de la pluie et ii n'y avait sur la surface 
aucune trace antique. Mais on a suppose que les depots antiques 
se trouvaient dans une plus grande profondeur et on a commence 
!'excavation a la salle 2 qui etait assez eclairee par l'entree. Les 
premieres couches qui ont ete retranchees avaient une couleur 
brune et rouge et contenaient des cailloux qui provenaient du 
dessechement des roches autour de la grotte. II y avait quelques 
tessons hellenistiques dans une prof. 0, 10-0, 15, tandis que dans 
une prof. 0,20-0,30 ii y avait un niveau d'habitation . Dans une 
plus basse couche ii y avait des ceramiques de l'ere mycenienne 
prematuree et dans quelques endroits une fine blanche couche 
qu 'il s'agit, comme on vera plus tard, de cendre volcaneux. 

Dans une profondeur 0,50 ii y a une pure couche neolithique 
et aussi dans une prof. 0,65 ii y a un niveau bien trace avec un 
foyer ellipsorde cree des couches de cendre. Les remblais au 
niveau 2 correspondent a une habitation periodique ou continue 
et representent une periode de conditions climatologiques se
ches. Les fines couches de depots de la pluie sous le niveau 2 
montrent qu'il n'y avait pas une activite humaine dans la grotte 
pour une grande intervalle probablement. Les depots seraient 
plus nombreux a des periodes plurieuses mais dans ce cas encore 
leur grosseur ne serait pas non plus grande, parce que la plus 
grande partie des remblais s'entaissait dans la salle 3. 

Dans une prof. 0,85 ii ya un troisieme niveau d'un gros remblai 
de couches de cendre. Sur ce niveau ii y a une vive activite qui 
a rapport avec un emmagasinnage ou une conservation d'aliments 
puisqu'il y a de grands morceaux de zarre et aussi des zarrers 
entieres. Si on observe ces zarres-la avec leurs pointues ou arron
dies bases on remarque qu'elles se posaient sur des pierres ou 
etaient suspendues du plafond de la salle. Les os d 'animaux ne 
sont pas tres abondants (ils appartient surtout aux caprins) et 
cela montre que les habitants ne consommaient dans la grotte 
qu 'une quantite tres petite d 'aliments et qu 'i ls avaient un certain 
bivouac en plein air non loin de la grotte. L'essentiel c 'est que 
dans la plus basse partie du niveau 3 on a decouvert deux dents 
humaines sans d'autres restes de squelette. Puisque le cas d 'avoir 
un arrachement des dents expres en raison de leur bon etat, ii 
taut chercher !'existence d 'une premiere ou deuxieme inhumation. 
De meme ceci est remarquable dans une autre grotte de Rhodes 
(Kalythies) ou les restes humaines etaient plus nombreuses. II 
taut supposer qu 'en Koumelo les ho_mmes a la premiere phase 
utilisaient la grotte pour des inhumations. Probablement cela se 
passait apres dans des periodes ou la grotte n'avait aucune autre 
uti lisaton. 

Le niveau 3 represente une phase neolithique qui correspond 
au Neolithique Recent Aegeen 3 (4000-3600 av. J.C.). Un autre 
niveau 4 appartient a une phase prematuree de la meme periode, 
trouve a une prof. 1,25, et represente la plus ancienne activite 
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de l'homme dans la grotte. Deja au niveau 4 des stalagmites 
sont apparus, crees sur des stalactites tombes du plafond, qui 
cachent presque toute la section de sorte que la fouille soit impos
sible. 

Les couches sur la section B de la salle 3 ont montre presque 
la meme sequence. La couche superficielle (gross. 0,40-0,45) 
contenait de la terre qui s'accumulait avec les eaux de la pluie. 
L'absence de ceramique est caracteristique ce qui entraine que 
dans les periodes de l'ere mycenienne prematuree et apres la 
presence de l'homme dans cet endroit est inexistante. 

Au commencement, la presence de la couche de fins grains 
blancs a ete au moins problematique. Cette couche avail une 
grosseur 0,70 et dans sa plus grande partie ell etait pure. Apres 
beaucoup de suppositions, des echantillons ont ete donnes dans 
des laboratoires specialises et cela a prouve qu'il s'agissait de 
cendre volcaneux. En ce qui concerne sa provenance, la recher
che dans des laboratoires et d'autres recherches recentes ont 
montre que cette couche a rapport avec d'autres qui ont ete 
trouvees et analysees en Crete et dans d 'autres iles de Dodecane
se (Kos, Tilos, Chalci , Karpathos). Ces cendres sont dates de 
l'epoque de l'explosion du volcan de Santorini, environ 1500-1450 
av. J.C. II parait que la direction des vents a cette epoque etait 
sud-ouest ce qui resulte que ces vents ont transporte le cendre 
et l'ont deposee dans les iles de Dodecanese, a une distance 
de 250 Km. 

On suppose qu'une grosse couche a cache le territoire de 
Rhodes, detruisant ainsi cultivations et animaux. La grosseur du 
cendre parait aussi dans la ville minoenne a Trianda de Rhodes 
fouillee ces dernieres annees et sa presence en ce lieu constitue 
un temoignage chronologique. En ce qui concerne la presence 
du cendre dans la grotte qui a premiere vue parait difficile a 
expliquer, ii faut preciser que ceci se justifie de la place de 
l'entree dela grotte qui rassemble des depots tout autour. L'enor
me quantitee du materiel dont si on compte les dimensions de 
la salle 3 peut s'elever a cent metres cubes et plus, s'explique 
seulement des pluies torrentielles qui ont suivi l'explosion ce qui 
en resulte l'assemblage des masses du cendre dans la salle 3 
a cause de son plus bas niveau. Ceci montre aussi la plus basse 
et la plus grosse partie de la couche qui est pure tandis que la 
plus haute partie est melangee avec de la terre qui est entree 
parait-il progressivement dans la grotte. 

La caracteristique de la couche blanche est qu'elle a bien 
domine les niveaux neolithiques qui se trouvaient juste sous elle. 
Un niveau d'habitation apparait a une prof. de 1,55. II y a des 
os d'animaux, des coquillages et assez de ceramique de la phase 
Neolithique Recent 4 autor d'une structure arrondie qui pourait 
etre utilisee comme un foyer ou un four. Plus profondement, !I y 
a d'autres niveaux avec beaucoup de restes de brulure. Sur la 
derniere couche, avant le sol de la grotte, ii ya de l'argile produite 
a la meme place et probablement ceci presuppose un climat 
humide et chaud. 

Conclusions 

La recherche a Koumelos a montre qu 'aux temps neolithiques 
les hommes entraient rarement dans la grotte et utilisaient surtout 
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la salle 2. Dans la salle 3 les conditions de demeure sont desagrea
bles a cause de l'humidite et de l'obscurite dense. Dans cette 
salle l'allumage de feu aurait ete difficile, sauf si pendant ce 
temps les conditions etaient differentes et si la salle s'aerisait 
bien . De toute fa9on les traces d'usage humaine sont tres peu 
ici. Aux temps posterieurs, la presence de l'homme dans cette 
salle serait presque inexistente contrairement a la salle 2 ou 
l'homme, apres une pause durable dans l'age du bronze ancienne 
et moyenne, a fail son apparition dans l'age du bronze recente 
et en suite dans l'ere hellenistique. 

L'activite des hommes se localise surtout aux temps neolithi
ques (Neolithique Recent 3 et 4) . On peut supposer une rare 
habitation dans la grotte a cause du petit nombre des trouvailles 
et aussi a cause de remblais fins . La grotte est facilement accesi
ble, elle se trouve a cote de la mer et est eclairee dans sa plus 
grande partie, tandis qu'elle a une orientation meridienne done 
elle est convenable pour y demeurer. Mais elle a ete utilisee 
plutot par circonstances. Les raisons de son abandon ne peuvent 
etre expliquees facilement. Si l'on accepte que les grottes en 
Grece ont ete utilisees seulement de temps en temps comme 
des demeures surtout par des bergers ou de pecheurs (Korikio, 
grotte de Kitsos, Tharounia, Franchthi, grotte de Kastria) on peut 
dire que cette raison n'est pas possible a Koumelos parce que 
dans la grotte ii n'y a pas assez de restes. II faut accepter dans 
la region autour de Koumelo une petite communaute de bergers 
ou de pecheurs qui sont specialises a cette espece de la produc
tion d'aliments comme nous montrent l'usage des restes d'autres 
grottes de la region et aussi des petites installations a cote de 
la mer. Probablement les pecheurs et les bergers appartenaient 
a une region plus etendue («site territory») controllee d'un logis 
central qui se trouvait a l'interieur. Done, ces homes entraient 
rarement dans la grotte et ceci tantot pour enterrer leurs morts 
tantot pour emmagasinner des aliments ou pour prendre de l'eau 
des stalactites et tantot pour echapper a la colere divine et aux 
maladies. Aujourd'hui meme, les visiteurs les plus habituels de 
la region autour de Koumelos sont encore des pasteurs qui entre
tiennent surtout des chevres a cause de la rudesse du paysa
ge. 
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Speleoarchaeological Investigations in Belize 

RESUM 

Logan McNatt 
Thomas Miller 

Ba/ize va ser un de/s centres de la cultura Maia fa mil anys. La seva civilitzaci6 es va desenvo/upar en /es grans regions 
carstiques Meso-americanes, Jes quals varen exercir una profunda influencia sabre la concepci6 Maia de/ seu m6n ffsic i es troben 
paleses en la seva cosmogonia. 

197 



Les investigacions sabre la geologia carstica de Belize surten beneficiades de la simbioasi existent amb la vessant arqueologica: 
va/uoses informacions culturals provenen de la investigaci6 de Jes cavitats i aquest progressiu coneixement de Jes practiques 
agrfcoles pre-colombines i la seva localitzaci6 tenen implicacions importants per a /'estudi dels processos geomorfologics. 

RESUMEN 

Belize fue uno de las centros de la cultura Maya hace 1.000 afios. Su civilizaci6n se centr6 en las grandes regiones karsticas 
Meso-Americanas, las cuales ejercieron una profunda influencia sabre la concepci6n Maya de su mundo ffsico, y estan expresadas 
en su cosmogonia. 

Las investigaciones de la geo/ogfa karstica en Belize se benefician de una simbiosis con la arqueo/ogfa: valiosas informaciones 
culturales resultan de la investigaci6n de cavidades, y este progresivo conocimiento de las practicas de agricultura Pre-Colombianas 
y de las localizaciones, tienen importantes implicaciones para el estudio de las procesos geomorfo/6gicos. 

SUMMARY 

Belize was one of the centers of Maya culture 1.000 years ago. Their civilization was located in the great Mesa-American karst 
regions, which exerced a profound influence upon the Maya conception of their physical world and is expressed in their cosmogony. 

Geologic karst research in Belize shares a serendepitous symbiosis with archeology: valuable cultural information is produced 
by cave investigations, and this increasing knowledge of Pre-Columbian agricultural practices and locations has important implications 
for study of geomorphic processes. 

Throughout Mesa-America there is abundant evidence of the 
use of caves in this great karst region by the Maya. This usage 
has in some form spanned nearly two millenia, continuing in 
isolated areas to the present. The era of florescence of the Maya 
culture in known as the Classic Period , occupying approximately 
the interval of 300-900 A. D. Most evidence for Mayan cave usage 
dates from the Terminal Classic to Post-Classic, about 700-1000 
A. D. 

Based upon archeological evidence, colonial records , and mo
dern anthropological research , it appears that Maya visitation was 
chiefly for ceremonial of religious purposes. Among these were 
collection of zuhuyha (literally «virgin water») from drips for use 
in ceremonies performed in the caves, as offering sites, and as 
crematoria , ossuaries, or burial sites. In Belize, as in the Yucatan , 
they also undoubtedly served as important sources of water for 
everyday use, especially during the dry season . Clay mining has 
also been found . The presence of middens is rare, indicating little 
extended occupation . 

Collectively, the Maya may well have been the world 's greatest 
cave explorers. In Belize, most caves not known to have been 
visited by the Maya are those where surch evidence could concei
vably have been destroyed by flooding , or which present mayor 
physical difficulties in exploration . Evidence exists of Maya pene
tration to distances of 2 km from the nearest entrance. Pits to 
150m depth were descended, apparently by ledges and ladders. 
The latter were also used to reach remote alcoves and ledges. 
The long deep lakes of Belize 's river caves were apparently the 
greatest obstacle to exploration . Lighting was accomplished by 
use of pine torches, and prints show that exploration was barefoot. 

Artifacts 

Abundant material remains from the Maya visits , much of it 
incompletely studied. An initial division is that of separation of 
actual modification of the cave environs from worked offerings. 
Cave modification consisted of sometimes extensive construction 
of walls , platforms, terraces, and rooms. Carving of glyphs, wall 
paintings , and in one instance, clay mining , are other forms. 
Thirtythree terraces were noted in one room in Belize alone. 

Of the second group of remains, ceramics form by far the 
greatest quantity, including bowls, dishes, pots, vases, effigies, 
ocarinas , incensarios, etc . Most are unslipped or plain , but impres
sed designs and even polychrome paintings have been encounte
red . Unfortunately, ritual destruction of vessels was common , and 
the vast majority of ceramics lie as smashed , scattered sherds. 

Lithics (manes and metetes, celts , blades and spearpoints, 
barkbeaters , etc.) form the next largest category. Inscriptions on 
rockslabs and carvings and emplacement of speleothems are 
also encountered. 

Bone , shell , and stone ornaments are found as beads, pen
dants , and earplugs . Wood is rare and fabric even more so, 
probably reflecting the difficulties of preservation . 

Burials are relatively common of both whole and partial skele
tons and skulls , and of all sexes and ages. Associated artifacts 
in cave burials are rare to non-existent. 

Preliminary conclusions to be drawn from cave archeological 
sites in Belize are that they exhibit relative poverty in comparison 
to surface temple and ceremonial centers. Elaborate tombs are 
unknown, the pottery generally has a distinct utilitarian appearan
ce, and paintings and worked materials are not of particularly 
high artistic quality. It has been suggested that caves served the 
domain of folk culture and shamanistic practice as opposed to 
the surface constructions of the elite. 

Ceramic evidence has generally shown some independence 
of style and construction from the major known surface sites. 
Groupings or area boundaries within the cave regions have been 
tentatively suggested . Because known surface sites within these 
regions are infrequent and usually small , the ceramics from caves 
in these areas may ultimately prove to be numerically important 
in establishment of type sequences. 

Stylistic evidence dates most of the ceramics as from the 
Terminal Classic to Post Classic (800-950 A. D.), but less abundant 
sherds and radiocarbon dates indicate sporadic use in the Preclas
sic, increasing to the late Classic. A special problem in cave 
archeology is the absence of stratigraphic horizons, causing mate
rial of different ages to appear time-synchronic. 

Geologic Factors in Location 

Geologic constraints have been resposible for the geographi
cal distribution of Maya cave sites in Belize. Cretaceous limesto
nes fronting the Maya Mountains of southern Belize host nearly 
all of the caves in the country . The caves have existed for perhaps 
millions of years : it is important to note that they greatly predate 
human occupation of the Western Hemisphere. The Mayan use 
of the caves is so recent, geologically, that no significant physical 
change has occurred since that time: we view essentially the 
same environment as that seen by the Maya. 

Geological investigations of Belize caves have been sufficient 
for a basic outline of cave development there . Various classes 
of caves occur, influenced by lithology, geologic distribution , cli
mate, etc. The major element in cave development has been the 
profound influence of invading streams flowing onto the limestone 
from the higher non-carbonates: these form extensive caverns 
widely used by the Maya. Isolated collapse chambers of phreatic, 
but otherwise incompletely understood , origin , are the other major 
category of importance for Mayan cave studies. 

Other than the obvious shelter from weather that the caves 
provide, physical characteristics of Belizean caves aiding archeo
logical preservation are the constant temperatures (22°-26° C.) 
and humidities of close to 100 %. Flooding is a problem in some 
areas in the river caves , and have resulted in alluviation , transport , 
or-destruction of artifacts up to 30 meters above normal river level. 
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Although surface water is nearly absent from the karsts of 
Belize, the large aquifer storage of the limestone has created 
numerous perennial springs in the caves which must have attrac
ted the Maya. The bicarbonate spring and dripwater (which leaves 
a white rime when boiled or heated) and the diffuse origins (giving 
a purity unknown in surface streams) may have been at least 
partially responsible for the respect in which it was held by the 
Maya. 

Conclusion 

Geologic investigations in Belize have contributed to archeo
logy by aiding in location of potential sites and explaining the 
influence of physical phenomena. In contrast, stylistic ceramic 
sequences, and radio-carbon dates, have enabled calculation of 
the rate of operation of geomorphic processes (e. g. speleothem 
precipitation and alluviation) in the recent past. 

A serious threat to cave archeology in Belize, and throughout 
Central America, is the looting of artifacts for sale to North America 
and Europe. This has been increasing since the early 1960's, and 
nearly half of the registered cave sites known in Belize have been 
damaged. 
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Cave Archaeology in the Eastern Woodlands 
of North America 

RESUM 

Patty Jo Watson 
Departement of Anthropology, Washington University St. Louis, 
Missouri, U.S.A. 

A/guns dels mes antics jaciments arqueo/ogics de/ nou m6n s6n coves i abrigalls com els de Meadowcroft a Pensilva.nia, amb 
una seq0encia que comem;a entre 12000 a 15.000 B.P. i la cova Guitarreo al Peru, amb dates tant 1/unyanes en el temps de 10.000 
i fins i tot 12.500 B.P. Coves seques i aixo lucs, dins la gran varietat de/ clima forestal de la zona de /'Est dels E.E.U.U. ens 
proporcionen una exce/·lent informaci6 estratigra.fica i cultural, diffcil d'obtenir en d 'altres jaciments a eel obert. En aquest treba/1 es 
facilita una informaci6 comp/eta, tent especial esment al Sistema Mammoth Cave de Kentucky i naves informacions d 'altres coves 
en la part central de /'Oest i el Sud. 

RESUMEN 

Algunos de /os mas antiguos emplazamientos arqueo/6gicos en el Nuevo Mundo son cuevas y abrigos tales como Meadowcroft 
en Pensilvania con una secuencia que empieza entre 12.000 a 15.000 B.P. y la cueva Guitarreo en Peru, con fechas tan /ejanas en 
la antiguedad como 10.000 hasta 12.500 B.P. Cuevas secas y abrigos en la gran variedad de clima fores/a/ en la zona de/ Este de 
U.S.A. son una fuerte informaci6n estratigrafica y cultural que no obtenemos de /os emplazamientos abiertos. Se facilita una 
informaci6n mas comp/eta hacienda hincapie en el Sistema Mammoth Cave de Kentucky y una nueva informaci6n de otras cuevas 
en la parte central de/ Oeste y Sur. 

SUMMARY 

Some of the oldest archaeological sites in the New World are caves and rockshelters, such as Meadowcroft in Pennyslvania 
with a sequence beginning about 12000 to 15.000 B.P. and Guitarreo Cave in Peru with dates as far back as 10.000 to 12.500 B.P. 
Dry caves on rockshelters in the extensive temperate forest zone of the Eastern United States contain an array of stratigraphic and 
cultural information not available from open sites. On overview of this information is provided, with emphasis on the Mammoth Cave 
Systen of Kentucky and on new data from other caves in the Midwest and Midsouth. 
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When people entered the New World about 15.000 years ago, 
caves and rockshelters in North and South America became depo
sitories for the records of their lives. In the temperate climate of 
the Eastern Woodlands in North America, preservation of ordinarily 
perishable prehistoric material occurs only in dry caves and rocks
helters, so they are extremely important to an understanding of 
regional culture history. 

Over the past 12.000 years these caves and rockshelters have 
served as campsites and homes, as mines or quarries, as mortuary 
facilities, and as shrines or ceremonial retreats for native American 
peoples. In the last 200 years , some of those same caves and 
rockshelters have also been used by the invading European popu
lation of North America as livestock corrals and occasionally as 
dwellings or hideouts, as water-sources, as mines, and as tourist 
attractions. This recent use has, of course, often obscured and 
destroyed older cultural materials. Nevertheless, a growing body 
of evidence demonstrates that prehistoric human groups freely 
entered, explored, and thoroughly used most if not all the accessi
ble caves and shelters provided by their natural environments. 

Caves as prehistoric mines and quarries 

That there were archeological remains in Mammoth Cave and 
Salts Cave, west central Kentucky, has long been known by 
specialists in eastern U.S. prehistory. Between 1875 and 1912, 
large quantities of artifacts were removed from these caves (espe
cially Salts Cave) by or for F.W. Putnam of the Peabody Museum 
at Harvard University and Colonel Bennett Young, a private collec
tor of Louisville , Kentucky (most of Young 's collection was later 
acquired by the Museum of the American Indian in New York 
City) . Nels C. Nelson of the American Museum of Natural History 
excavated the entry chamber or Vestibule of Mammoth Cave in 
1916. 

More recent archeological work (1963 to the present, Watson 
et al., 1969; Watson ed. 1974) has documented patterns of explo
ration and mining in wath is now known to be the world's longest 
cave -the Mammoth Cave System, including, among others, both 
Mammoth Cave and Salts Cave- that date between 4.000 and 
2.000 years ago. The local population entered the cave repeatedly 
to mine gypsum (and, doubtless, also the other useful sulfates 
found there such as mirabilite or Glauber's Salt and epsomite or 
Epsom Salts), to quarry chert, and perhaps just to explore. They 
left behind a profusion of torch and campfire debris, fragments 
of their footgear and other clothing, wooden containers and gourd 
and gourd-like squash bowls, paleofecal deposits yielding a wealth 
of dietary information, and -in at least two caves- individual 
members of the prehistoric human population. 

On numerous occasions, the Vestibules of both Salts Cave 
and Mammoth Cave served as campsites or homes for small 
aboriginal groups, who left midden deposits one meter or more 
deep incluiding stone and bone tools and the debris of processing 
animal and plant foods . 

The exploitation pattern followed at Wyandotte Cave in south
ern Indiana (Munson and Munson 1981 ) is similar in some ways 
to that evidenced in the Mammoth Cave system, but exhibits 
interesting refinements, the most striking of which is the mining 
of a massive aragonite column (now known as The Pillar of the 
Constitution) in a room one kilometer from the entrance (Blatchley 
1899). Recent investigations in Wyandotte have resulted in more 
detailed knowledge of prehistoric activity in this large cave. Chert 
and aragonite were systematically and intensively removed 2000 
to 3000 years ago, much of it a problaby traded to various other 
places in the Midwest (Munson , Munson, and Tankersley 1985; 
Tankersley 1983). 

Another cave with abundant evidence for prehistoric mining 
activity is Saltpeter Cave in north central Tennessee, where large 
quantities of chert were dug from the sediments in a big under
ground room not far from the entrance (Ferguson 1983). Besides 
quarrying chert nodules, the aboriginal miners undertook prelimi
nary working of the chert in the cave, so that there is an abundan
ce of workshop debris on the cave floor and on the more or less 
level surfaces or large breakdown boulders in the quarry room. 
Radiocarbon dates for Salpeter Cave range from 2400 B.C. to 
800 B.C. 

Intermittently during the nineteenth century, fragments of the 
skeleton of a giant sloth were found in a large, dry cave in 
Tennessee that came to be called big Bone Cave. Henry Mercer 
of the University of Pennsylvania excavated parts of the Cave in 
1879 in an attempt to establish the relationship between the sloth 
remains and the abundant materials left by prehistoric human 
activities in the same passages (Mercer 1897). He was unable 
to document contemporaneity of sloth and human, and the archeo
logical as well as the paleontological remains were then ignored 
for nearly 100 years. During the summer of 1982, however National 
Speleological Society cavers who were mapping the cave were 
sufficiently impressed with the quantity and state of preservation 
of the archeological materials to contact archeologists with expe
rience in Tennessee and Kentucly caves. 

As a result of their concern, an investigation of Big Bone Cave 
archeology has been initiated by Charles Faulkner and George 
Crothers (University of Tennessee 1983). Robert Stuckenrath and 
the Smithsonian radiocarbon laboratory have provided C-14 dates 
as follows: 1615 ± 60 years: A.O. 335; 1595 ± 55 years: A.O. 
355; and 440 ± 55 years: A.O. 1510. In addition, several dates 
from Beta Analytic document aboriginal activity in the cave during 
the first millennium B.C. (the six Beta dates range from 1050 B.C. 
to 170 B.C.). Hence, it appears that Big Bone Cave was explored 
at least intermittently for some 2500 years. So far there is no 
clear evidence for mining of gypsum or other cave resources , 
but the cave has been severely disturbed by saltpeter mining 
and other recent use. It is possible that most of the traces of 
aboriginal mining have been destroyed. 

Footprint Caves 

There is another category of cave archeology in the eastern 
United States that might be called «footprint caves» (Watson 
1983). Jaguar Cave and Fisher Ridge Cave in Kentucky, and 
Sequoyah Cave in Alabama fall into this class. Archeological re
mains comprise torch fragments (charred and uncharred), torch 
smudges on passage walls and ceilings, and prints in mud of 
the bare or slippered feet of the aboriginal cavers. There are 
approximately 274 complete footprints (of nine diferent people) 
in Jaguar Cave, about eighteen in Fisher Ridge Cave, and less 
than half-a-dozen in Sequouah Cave. Footprint caves indicate 
little more than prehistoric interest in and exploration of local 
caves, although the abundance and excellent preservation of 
these traces in Jaguar Cave means that some interesting physical 
anthropological information can also be derived from them (Rob
bins et al. 1981). Radiocarbon dates indicate time spans for such 
exploration from ca. 2500 B.C. to A.O. 1430. 

Mortuary Pits and Caves 

Another category of archeological materials in caves features 
human remains . Some caves seem to have been used primarily 
as disposal places for the dead. This is the case for at least two 
pit caves on Prewitts Knob near Cave City, Kentucky: Crystal 
Onyx Cave and Pit of the Skulls (Haskins 1983). The one available 
radiocarbon date (on bone from Crystal Onyx Cave) is 680 B.C. 
Thus it appears that the people placing their dead in the pits on 
Prewitts Knob were al least partially contemporary with the major 
prehistoric caving activity in the Mammoth Cave system. The 
present evidence consists of fragmentary skeletal remains (cranial 
and post-cranial) representing people of both sexes and all ages. 
The bodies were placed in , or thrown into, pits that have small 
openings on the surface of the Knob. No grave goods accompany 
the bones, but there are scatters of chert flakes including occasio
nal tools (projectile points and retouched flakes , for example) in 
various places on the Knob surface. The chert nodules that furnis
hed the raw material for these items also outcrop on the Knob. 

Several aboriginal bodies were found by saltpeter miners in 
Short Cave (which is adjacent to but outside the southern border 
of Mammoth Cave National Park) during the nineteenth century. 
Details are lacking for these finds (see Meloy and Watson 1969; 
Meloy 1971 ), but what information is available suggests a late 
prehistoric placement for at least one of the bodies, which was 
laid away in a stone-box or stones-slab grave. Similarly, in several 
Alabama and Georgia caves, the honored dead were ceremo-
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niously interred some 1500 years ago during what is now known 
as the Copena period (Walthall and DeJarnette 1974). 

In Sinking Creek Cave near Bowling Green, Kentucky, recent 
activity by vandals has exposed and largely destroyed the remains 
of several prehistoric graves (Wilson 1982; Hensley-Martin in 
press). This site is somewhat like Short Cave in that it consists 
of a short piece of trunk passage, open at both ends, that was 
used as a chert quarry, and as a habitation and burial place by 
some members of the local prehistoric population. There are no 
available radiocarbon determinations for Sinking Creek Cave as 
yet, but the archeological materials indicate an aproximate time 
span of several thousand years B.C. down to about 1500 years 
ago. 

Ceremonial Caves 

In contrast to what we know about the business-like aspect 
of aboriginal activities in many of the caves just briefly described, 
Mud Glyph Cave in eastern Tennessee offers clear evidence for 
ritual or ceremonial use (Faulkner, Deane, and Earnest 1984). 
Most of the people who went into Mud Glyph Cave seven centuries 
ago apparently did so for only one purpose: to communicate with 
or to approach the supernatural. 

Aboriginal activity in Mud Glyph Cave dates primarily to the 
13th century A.O. and was carried out by the ancestors of the 
modern Creek or Cheroke (or both). These people incised hun
dreds of drawings on the mud-covered walls of a 100 meter long 
passageway, well back in the dark zone of a small , wet cave. 
The fragile marks have been thoroughly recorded by photographs 
and maps in an exemplary cooperative project between archeolo
gists and cavers ; they are well protected by vigilant landowners 
and a cave gate designed and constructed by National Speleologi
cal Society cavers . 

The glyphs are a bewildering palimpsest but include numerous 
motifs well-known from the iconography of the late prehistoric 
Mississippian peoples who were ancestors to the Cherokee, 
Creek, and other historic native American groups. Some of the 
dramatis personae and motifs from historically-recorded mytho
logy are present: horned serpents, turtles, bird men («eagle dan
cers»). As in the painted caves of France and Spain, it appears 
that the act of drawing was more important than the finished repre
sentation . 

Historic Indians of the Southeast believed that springs and 
caves were entrances to the Underwold . They had great respect 
and fear for the beings who dwelt below, and who might emerge 
from the passageways beneath the earth . The evidence from 
Mud Glyph Cave suggests that at least in a few times and places 
in the Eastern Woodlands, aboriginal groups must also have regar
ded caves as places close to or giving access to an underworld 
inhabited by awesome and powerful beings . 

Conclusions 

Even such a brief survey as this one is sufficient to indicate 
the variety of archeological materials in the caves of Eartern North 
America, and to convey the uniqueness and fragility of many of 
these remains . Contrary to widely held opinion, ancient people 
were not universally fearful of caves. Quite the contrary, for several 
millennia at least, the aboriginal population of the Eastern Wood
lands had quite a business-like attitude toward the subterranean 
world and its resources. It is not until the very latest prehistoric 
periods that we have any evidence for attitudes of awe, respect , 
and--perphaps--fear of caves. 

Subterranean archeology is more difficult, and occasionally 
more dangerous, than archeology above ground. But the rewards 
for the underground archeologist are tremendous: in the unvarying 

cave environment there is total preservation of ordinarily perisha
ble objects; we also know that those earlier cavers encountered 
exactly the same physical conditions 500, 1000, 2000, 4000 years 
ago as we do now. The world beneath the earth's surface presen
ted exactly the same challenges to them as to us, yet seemingly 
also offered them hidden resources and secret treasures that we 
can never wholly comprehend. 
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La cueva de Roman, Clunia. Objeto de una gran obra de ingenieria romana 

G.E. Ribereflo 

RESUM 

La cova de Roman s 'obre seguint un pla d'estratificaci6 horitzontal, en el subsol de la ciutat romana de Clunia. 
Va constituir una important reserva d'aigua de cara a satisfer /es necessitats hfdriques dels habitants d 'aquesta gran ciutat, ja 

que, fa 2.000 anys, els enginyers romans van explorar la pra.ctica tota/itat de la seva extensa xarxa de galeries inundades i van 
obrir tunels i canls al seu interior per a fer aixf possible l'explotaci6 de tant singular diposit natural. 

RESUMEN 

La cueva de Roman se abre a favor de una junta de estratificaci6n horizontal, en el subsue/o de la ciudad romana de Clunia. 
Constituy6 una importante reserva de agua para satisfacer las necesidades que se presentaron a /os habitantes de esta gran 

ciudad, ya que, hace 2.000 aflos, /os ingenieros romanos exploraron la practica totalidad de su amplia red de galerfas inundadas y 
abrieron pozos, tune/es y canales en su interior para hacer posible la explotaci6n de tan singular dep6sito natural. 

SUMMARY 

The cave of Roman was carved, helped by a joint of horizontal stratification, into the subsoil of the ancient Roman city of Clunia. 
It constituted an important reserve of water to satisfy the needs of those who lived in that great city two thousand years ago. 

The whole extensive network of swamped galleries was explored by Roman experts; and also, tunnels and water-courses were dug 
inside to make possible the running of such a peculiar natural deposit. 
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Un gran foro de casi 200 mts. de longitud con una amplia 
basilica juridica, un teatro con capacidad para 9200 personas, 
dos impresionantes edificios termales comparables a las grandes 
construcciones de las ciudades italicas o norteafricanas indican 
el caracter administrative de la gran ciudad de CLVNIA, de 130 
Ha. de extension, de la que solo quedan poco menos que los 
cimientos de su arquitectura. 

Un centro urbano de estas caracterfsticas necesitaba un 
eficiente suministro de agua, servicio que llega a ser problematico 
en el caso de Clunia, ya que su emplazamiento supera en altitud 
a los manantiales existentes en varios kil6metros de distancia. 
La ausencia de acueductos o de complicadas obras de ingenieria 
ha llevado a la investigaci6n cientifica -a buscar por otro camino 
la explicaci6n del sistema de abastecimiento utilizado por los ro
manos . 

Es asi como en 1913, D. Vicente Hinojal, conociendo la exis
tencia de una galeria subterranea (la Cueva de Roman) se interna 
en ella con el prop6sito de resolver este problema y dar una 
explicaci6n a la funci6n que pudieran tener varios pozos abiertos 
en la superficie de la Ciudad. Tras explorar unos 200 metros de 
galerias y descubrir los primeros lagos subterraneos, Hinojal con
cluye que «Desde hoy se puede contestar categ6ricamente que 
la ciudad disponia de un abundantisimo caudal de aguas sin 
necesidad de hacer uso de las pluviales ni de la del rio Arandilla 
y manaderos; pues estamos encima de una gran laguna subterra
nea, quedando con esto explicado el objeto de los tragaluces». 

Sin embargo, Ignacio Calvo, que excava en Clunia en 1915, 
no cree en las afirmaciones de Hinojal. Posteriormente, D. Blas 
de Taracena excava en la entrada de la cueva descubriendo 
jambas de piedra de una compuerta de salida de aguas, sin 
profundizar mas en la resoluci6n del problema. 

En 1958 D. Pedro de Palol comienza a dirigir las excavaciones 
de Clunia. ldentifica las pequenas termas del Foro y mas tarde 
descubre el gran conjunto de termas de «Los Arcos», por lo que 
adquiere especial importancia desvelar definitivamente el sistema 
utilizado para satisfacer la necesidad de tal cantidad de agua. 

En 1976 y 1977 se hacen varios intentos de exploraci6n por 
parte de su equipo arqueol6gico, pero las dificultades encontra
das requieren la colaboraci6n de un grupo espeleol6gico prepara
do material y fisicamente, por lo que el G.E. Ribereno, interesado 
en el estudio de esta cavidad , viene desarrollando desde 1981 
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un plan de exploraci6n, fotograffa y topograffa del subsuelo de 
la ciudad romana. Siempre con la asesorfa cientffica del profesor 
Palol y su equipo. 

Es asf como se reconoce el tunel de acceso a la cavidad y 
los primeros embalses y pozos descubiertos ya por Hinojal. Se 
encuentran nuevas galerfas, canales tallados en el suelo, pozos 
que comunican con la superficie, en resumen, la adaptaci6n huma· 
na de formaciones naturales que seguidamente pasamos a descri· 
bir. 

La cueva de Roman se ha creado a favor de una junta de 
estratificaci6n en los horizontales bancos calizos que se hallan 
asentados sobre estratos arcillosos y margosos del Miocene. 

Sus galerfas suelen presentar una potente sedimentaci6n arci
llosa de descalcificaci6n que favorece su estanqueidad , por lo 
que el agua de infiltraci6n queda embalsada formando lagunas 
que cubren por complete extensas areas de la cueva y que llegan 
a alcanzar hasta 4,5 mts. de profundidad. 

Consta de una gran galerfa de unos 800 mts. de desarrollo, 
que hemos dado en llamar Principal , en la que predomina la 
direcci6n N·S. y de la que parten otras derivaciones de mayor o 
menor importancia, en ocasiones laberfnticas, y todas ellas de 
las mismas caracterfsticas, es decir, abundante sedimentaci6n 
arcillosa, desarrollo horizontal y predominio de grandes anchuras 
respecto a la altura de la b6veda, habiendo casos extremes en 
que la anchura es de 25 veces mayor que la altura. 

El desarrollo topografiado alcanza los 1.600 mts. aunque la 
exploraci6n , sin estar aun concluida, hace suponer un desarrollo 
total de unos 3.000 mts. 

Los romanos al tener conocimiento de la existencia del embal
se subterraneo practicaron una serie de pozos que hicieron coinci
dir con las galerfas inundadas, luego extrafan el agua mediante 
un sistema de cubos en cadena. 

Algunos pozos que, encontrandose cerca de un embalse, no 
tenfan contacto directo con el , continuaban excavandose en la 
superficie de la cueva hasta encontrar el nivel de las aguas, o 
bien eran asistidos por un pequerio canal. 

Al irse destruyendo paulatinamente la ciudad, los escombros 
cayeron por los pozos hasta colmatarse, otros fueron obstruidos 
por campesinos y pastores ante el temor de un accidente. Por 

lo que la mayorfa han quedado invisibles desde el exterior y 
facilmente localizables, sin embargo, en el interior de la cavidad 
por la presencia de los conos de escombros que se han formado 
entre el suelo y la desembocadura del pozo en la b6veda de la 
cueva. 

La obra de los romanos se aprecia ya en la misma entrada 
de la cavidad, donde Taracena excav6 los restos de una compuer· 
ta con sus jambas y encajes de piedra para recibir una placa de 
cierre y evitar la salida de aguas del interior. 

El acceso a la cavidad natural esta constituido por un tunel 
excavado en roca, de 90 mts. de longiutd, que va atravesando 
pequerias cavidades naturales hasta que conecta con la galerfa 
principal. Los tramos artificiales del subterraneo son de trazado 
recto, aunque la sedimentaci6n ha reducido su altura libre en las 
zonas pr6ximas a la entrada, sus dimensiones medias en la prime· 
ra parte son de 1, 10 x 1,40, ancho y alto respectivamente. 

A lo largo del tunel se observan pequerias hornacinas excava
das en la pared, y el primer pozo (A 1 ), situado a 32 mts. de la 
entrada; esta obstruido unicamente en su cabecera por lo que 
se puede apreciar su forma cilfndrica y absolutamer,ite vertical. 
Tiene un diametro de 1,85 mts. y en sus paredes se abren varios 
huecos, opuestos y a diferentes alturas, que lo hacen practicable 
para una persona. 

A 45 mts. de la entrada, el tunel se divide en dos direcciones. 
Hacia la derecha se prolonga 10 mts. mas, excavado en la roca 
hasta que un derrumbe o un cono de tierra de un posible pozo 
obstruye el paso. 

Hacia la izquierda continua con una galerfa natural donde la 
arcilla sedimentada fue excavada y apartada hacia los lados. 
Antes de llegar a la galerfa principal existen otros dos tramos 
excavados en roca. 

Ya en la galerfa principal , a pocos metros del embalse, encon
tramos el segundo pozo (81), identificado por un gran cono de 
tierras y piedras entre las que se puede encontrar ceramica, 
restos 6seos y abundante escombro de la arquitectura urbana. 

Hasta el memento hay 14 pozos identificados en la cavidad , 
oscilando su altura (o profundidad) entre los 7 y los 10 mts. los 
mas cercanos al tunel y los 20 6 22 mts. los mas pr6ximos al 
foro y, por lo tanto, a la cota mas elevada de la altiplanicie. Casi 
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todos ellos se hallan dispuestos a lo largo de la galerfa principal, 
siendo facilmente reconocibles por sus conos con todo tipo de 
restos arqueol6gicos; cabe hacer hincapie en la continuada pre
sencia de bloques de piedra tallada procedente de las edificacio
nes romanas y particularmente abundante en los conos C.2, 0 .2, 
0 .3 y 0.4. Restos humanos, de epoca romana, aparecen en C.2, 
C.4, 0.3 y 0.4, encontrandose en muy buen estado de conserva
ci6n los que no han tenido contacto directo con el agua. 

Entre los pozos 8 .3 y C.1, en una zona donde una excesiva 
acumulaci6n de arcilla separarfa dos ambitos lacustres, se abre 
un canal uniendolos para compensar, ampliar y unificar el nivel 
freatico util , a la vez que se solucionan posibles problemas deriva
dos de explotaciones locales desiguales del dep6sito acuffero. 
Este canal , de 45 mts. de longitud y 1 mt. de anchura media, 
esta excavado en arcilla y en la propia roca en los puntos en 
que esta aparece. Otro canal de similares caracterfsticas se en
cuentra entre el C.4 y el 0 .1; en esta ocasi6n debido a que un 
derrumbe de la b6veda obstaculizaba la comunicaci6n de la mas 
importante zona de pozos con el embalse mas voluminoso. 

Estos embalses estan alimentados exclusivamente por aguas 
pluviales. Conscientes de ello, los romanos construyeron la pavi
mentaci6n de sus calles con piedras de pequeno tamano de 
forma que el agua pudiera filtrarse facilmente entre ellas, en vez 
de discurrir por la superficie como ocurrirfa si hubieran utilizado 
losas. Por otra parte, las aguas residuales eran recogidas por 

una red de alcantarillado que las evacuaba evitando el contacto 
con las limpias aguas de la cavidad; estas eran elevadas a traves 
de los pozos mediante una cadena de sftulas o cubos de madera 
y armaz6n de hierro, de los que hemos encontrado algunos ejem
plares sumergidos en las inmediaciones de los pozos C.2, C.3 y 
C.4. 

Hemos de resaltar el gran esfuerzo realizado por los obreros 
que trabajaron en un media tan hostil , en frfas galerfas inundadas 
y sobre una capa de arcilla muy blanda en la que, en algunos 
puntos, es facil hundirse hasta las rodillas . 

Oebido a la necesidad de realizar estos trabajos de acondicio
namiento, la cueva fue muy transitada por ellos. Es habitual encon
trar senales de su paso en los lugares que por su situaci6n o 
composici6n han quedado mas protegidos del transcurrir del 
tiempo. Aun se pueden ver nftidamente huellas de calzado o de 
pies descalzos impresas en la arcilla, huellas de dedos o el relieve 
de sus tejidos, marcados al apoyar alguna parte de su cuerpo. 
A lo largo de la cueva quedan, disperses, cenizas y restos de 
teas o antorchas, siendo mas abundantes en los lugares de 
trabajo, como los canales, o en la galerfa de entrada al santuario. 
La humedad y temperatura constantes, casi sin variaci6n durante 
2.000 anos, han hecho posible que esto se conserve; con todo, 
el goteo de las b6vedas y la arcilla demasiado blanda en los 
lugares de paso han borrado seguramente la mayorfa de estas 
huellas . 
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Un posible santuario priapico en la cueva de Roman, Clunia. 

G. E. Ribereno 

RESUM 

L 'any 1982, J'exploraci6 de la cova de Roman i el seu estudi arqueo/ogic comporta el descobriment d 'un ambit subterrani on 
van apareixer ma.scares, figuretes i representacions fa.J-/iques mode/ades amb argi/a, juntament amb una serie de textos escrits, 
constituint el que, suposem, podria esser un Santuari dedicat a una divinitat de la fertilitat. Probablement un autentic centre de 
culte priapic. 

RESUMEN 

En 1982 la exploraci6n y estudio arqueo/6gico de la cueva de Roman dio coma resultado el descubrimiento de un ambito 
subterraneo en el que aparecen mascaras, figurillas y representaciones falicas mode/adas en arcilla }unto a una serie de textos 
inscritos, formando Jo que, suponemos, podrfa ser un Santuario dedicado a una divinidad de la fertilidad. Probab/emente un autentico 
centro de cu/to priapico. 

SUMMARY 

In 1982 archeological prospecting and investigation of «Cueva de Roman» give us the discover of a subsoiled area in which 
masks, little figures and phallic images (modeled on clay) with a collection of carved texts that constitute, as we suppose, a kind 
of sanctuary of a fertility god. Probably, an auttentic centre of priapic worship. 

La cueva de Roman , desarrollada en la altiplanicie caliza sobre 
la que se edific6 la ciudad romana de Clunia, ha sido objeto de 
nuestro estudio desde 1981 afio en que comenzamos a colaborar 
con D. Pedro de Palol , director de las excavaciones, y su equipo 
arqueol6gico. 

El principal objetivo que establecimos fue realizar una meticu
losa exploraci6n con el fin de aportar datos para lograr el definitivo 
conocimiento del sistema de suministro de aguas a la ciudad , 
ya que, como se ha podido comprobar, la cavidad constituye un 
importante dep6sito natural de agua que fue aprovechado por 
los romanos tras efectuar varias adaptaciones en su interior. 

Ese mismo afio pudimos reconocer un extensa red de galerfas 
que todavfa seguimos explorando con especial cuidado, avanzan
do a medida que se examina el terreno y prospeccionando me
diante inmersi6n cada metro de galerfa inundada, pues debido 

l 

a los trabajos de adaptaci6n fueron muy transitadas por los obre
ros romanos, dejando abundantes huellas y sefiales a su paso, 
que aun pueden verse, aunque con dificultad, al confundirse con 
los multiples cuarteamientos y sinuosidades del terreno arcillo
so. 

En 1982 surgi6 la sorpresa al explorar los 200 ultimos metros 
de la galerfa Principal, a partir de los 650 desde la entrada, en 
los que aparecen gran cantidad de inscripciones, dibujos y esta
tuillas grabadas y modeladas en arcilla. 

El lugar del hallazgo tiene una relativa gran amplitud horizontal 
y una altura libre predominante de 1 metro. Se halla libre de 
embalses y ocupado por un espeso manto de arcilla blanda, 
caracterfsticas, todas estas, que multiplican la sensaci6n de pro
fundidad y oscuridad que de por sf inspira cualquier ambito subte
rraneo. 

0 lnscripciones 

• Figura, Jtifdlicas 

• Md1caros 

■ Pajoro 
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La constancia de las condiciones ambientales ha propiciado 
que las inscripciones se encuentren como recien hechas, sabre 
la superficie cuarteada de un barro finfsimo y maleable, con una 
suave desecacion superficial que podrfa distinguirlas de trazos 
actuales, los textos suelen ser cortos, de dos o tres palabras, 
con tamafios de letra que oscilan entre los 2 ems. de los mas 
pequefios y los 15 ems. de altura en los mas grandes, aunque 
hay excepciones. Acompafian a los textos representaciones fali
cas modeladas o dibujadas en las placas de arcilla; tambien 
aparecen figurillas itifalicas y mascaras. 

Como decimos, el Santuario se ubica en los ultimas metros 
de la galerfa Principal. Tras superar la ultima laguna el nivel del 
terreno sube suavemente y aparecen las primeras inscripciones 
entre las que hay una en la que se lee Soteles, con grandes 
letras, y otra mas pequefia, Titus. 

Mas adelante, alrededor de una pequefia charca se distribuye 
otro grupo de letreros en los que aparecen otros nombres, espe
cialmente el de Bergius Seranus, un edil de la ciudad, y Fabricius, 
uno de los quattuorviri . En esta zona no hay figuras; unicamente 
se encuentra un dibujo falico. 

En la sala central , sobre dos bloques cafdos del techo, hay 
tres pequefias estatuillas itifalicas; en una de ellas, en un vaso 
situado a sus pies, se lee Carisius. Otros textos aparecen en 
esta sala, entre ellos Aionis Hermes, Brito, Priscus y una de las 
mas interesantes que anuncia, aunque sin nombres , la visita de 
los iTif Viri de la ciudad. 

De esta sala parte una galerfa en sentido SO. que contiene 
el conjunto monumental mas interesante, formado por dos gran
des representaciones falicas con inscripciones, y una serie de 
letreros, pec;iuefios falos dispuestos a manera de ofrenda y masca
ras masculinas tanto dibujadas como modeladas en arcilla. 

El primer gran falo (63 x 15 ems.) modelado en el lateral 
izquierdo de la galerfa, corresponde a un exvoto de Aemilios 
Fitaus, presenta grabadas en su superficie siete lfneas de texto, 
dos de ellas sobre el glande. Frente a este se halla otro falo en 
altorrelieve sobre una placa de arcilla, con inscripcion a ambos 
lados de la que se lee el nombre de Annius Paternus. Otros 
personajes que aparecen en este conjunto son L. Domitius, Secun
dia, Martial, Trebo, Priscus, Atto, T. Cornelius. etc. 

La onomastica documentada en las inscripciones de la Cueva 
de Roman se corresponde con la de la superficie de la ciudad . 
Hay que sefialar una onomastica prelatina, mas o menos romaniza
da, que nos viene dada por Atto , Brito o el edil Bergius Seranus, 
al lado de este conjunto indfgena aparecen nombres genuinamen
te latinos y bien documen_tados en la Italia central y meridional. 

Una apreciacion importante es la correspondiente de nomina 
entre los magistrados municipales que son conocidos a traves 
de las acufiaciones monetarias de epoca de Tiberio y los que 
aparecen en el santuario. Este es el caso del edil Bergius Seranus, 
probablemente emparentado con el quattuorvir M. lulius Seranus. 
Lo mismo cabrfa pensar del L. Domitius Robustus que aparece 
en las Monedas, y el L. Domitius documentado sobre la arcilla. 

El problema mas complejo del conjunto es el de su interpreta
cion . Es evidente que el sentido votivo de los letreros junto a 
imagenes humanas itifalicas como la de Carisius, o la proliferacion 
de pequefios falos a manera de ofrendas, junto a cabecitas y 
mascaras, sugiere un lugar de culto falico asociado a Priapos. 

El mismo hecho del lugar, en los manantiales de la ciudad , 
permite asociar la divinidad con su propio caracter de protector 
de la fertilidad de la tierra, como se define ya en el mundo 
helenfstico a Prfapos, en los versos del himno a Afrodita. Por otra 
parte, viene asociado a Hermes, como nos dice Herodoto cuando 
habla de las costumbres griegas de representar a Hermes itifalico. 
No olvidemos la presencia de Hermes en las inscripciones de la 
cueva. Hermes fue la divinidad protectora de la fecundidad de 
plantas y animales, asf como de la salud. 

Prfapos, hijo de Dionisos y de Afrodita, fue repre:,entate de 
la inagotable fuerza de la naturaleza. Aunque el culto al falo se 
perdi6 en el mundo romano en dioses como Dionisos o Hermes, 
se conoce bien la literatura y la persistencia del culto Priapico 
hasta epoca muy tardfa. 

La descripcion de la cueva de Prfapos en el Satiricon de 
Petronio sugiere el sentido crfptico de nuestra cueva de Roman . 
lncluso el atributo a la divinidad del instinto sexual y de la lascivia, 
que en Petronio esta tan presente, podrfa sugerirlo , por ejemplo, 
la inscripcion en que aparece CUSPRISPRISCVS VENIT, a pesar 
de la seriedad que parece evidente en la inmensa mayorfa de 
los letreros del Santuario. 

Bien conocido es el uso en las ciudades romanas, sobre todo 
de origen colonial militar, de imagenes y figuras falicas , ya sea 
en sus muros o en otros lugares de su arquitectura. Los hemos 
reconocido en Clunia, en el criptoportico de la casa n.0 1 en una 
gran pilastra del cardo que no difiere mucho del enclave del San
tuario. 

Otro elemento que queremos apuntar es la lectura de Luto y 
Oblino, la primera en el falo sabre la placa de barro, y la segunda 
en el gran falo modelado frente al anterior. Ambos terminos, en 
su significado de cubrir de barro sugieren (En caso de aceptarse 
plenamente las lecturas) un ritual de propiciar la fecundidad y la 
fertilidad y/o un recurso medicinal. 

La humeda arcilla del Santuario parece ser un elemento de 
gran importancia al igual que ocurre en Egipto dond~ se podrfa 
relacionar el barro de las fertiles orillas del delta del Nilo con el 
culto a Prfapo. 

Queda otra circunstancia que no hay que dejar de lado, es 
la presencia de los magistrados municipales en el Santuario. lSe 
trata de una presencia ritual en favor de lo que el agua, evidente
mente relacionada con cualquier culto fertilizante , pueda repre
sentar para el progreso de la ciudad? 

El conjunto, creemos, es unico en nuestra arqueologfa romana 
y sera preciso acabar de depurar su estudio y llegar a las ultimas 
interpretaciones textuales para su correcta lectura historica. 

D. Pedro de Palol y D. Josep Vilellas estan realizando el 
estudio cientffico del Santuario, hasta el momento en base a 
fotograffas y dibujos que les proporcionamos y a un reconocimien
to en situ de Vilellas. Por lo que sin su trabajo de investigacion, 
que aquf ha quedado reflejado, esta comunicacion quedarfa redu
cida a una mera descripcion ffsica del hallazgo. 

Hay que dejar bien claro que el conjunto esta todavfa en 
estudio y que lo que ahora damos aquf es provisional , sujeto a 
las modificaciones que mejores y mas completas lecturas fruto 
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de una exploraci6n mas apurada y de la interpretaci6n hist6rica 
de nuevos materiales puedan ofrecer. 

Como ilustraci6n acompafiamos algunos textos del Santuario, 
un piano y tres fotocopias de dibujos del cuaderno de campo, 
que consideramos para esta ocasi6n mas nitidos y expresivos 
que las fotograffas. 

1. FABRICIVS 
TiiT VIR 
HIC 
(FVIT?) 

2. BERGIVS SERANVS 
AEDILIS DICIT 
QVISQVIS HVC VENERIT 
[- - -) 

9. AIONIS 
HERMES 

13. TiiT 
VIRI 
VENE 
RVNT 

19. AEMILIVS 
FITAVS 
OVIA INTVS 
II OBLITVS 
MELLA 

20. ANNI [VS) 
PATER [NVS) 
LVTOR 

24. GLAVCA 
MAR 
TIALIS 
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Cuevas y abrigos, lugares magico-religiosos de la prehistoria 

R. Blanco 

RESUM 
Descripci6 de l'estaci6 d'art esquematic def COGULAR de Ruanales de Va/derredible (Cantabria). Aquest conjunt destaca per 

/'alt contingut simbolic dels seus esquematismes de finals def Neolftic i de /'edat def Bronze. S'extreuen conclusions entorn de la fecun
daci6. 

RESUMEN 
Descripci6n de la estaci6n de arte esquematico def COGULAR en Ruanales de Valderredible, Cantabria. Este conjunto destaca 

por el alto contenido simb6/ico de sus esquematismos de finales def Neolftico y Edad def Bronce. Se sacan conclusiones en torno 
a la fecundaci6n. 

SUMMARY 
Description of schematic art station of the Cogular from Ruanales de Valderredible, Cantabria. This ensemble is remarkable for 

the end of Neolitic schems and Bronze Age. Conditions on fertilization can be drawn. 
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Si en el decir de algunos, todo arte expresa algo del espfritu 
de su tiempo, debemos considerar que la pintura esquematica 
puede reflejar esperanzas, temores y entusiasmo de una epoca, 
y por que no el fascinante deseo de mundos mas atractivos que 
el suyo. El hombre primitivo estuvo sometido a poderosas fuerzas 
que conformaron su comportamiento ffsico e intelectual, unas de 
origen natural , comprensible, y otras misteriosas que se escapa
ban al control de su limitado conocimiento. Sus dfas transcurrieron 
bajo la tension constante que le deparaban los acontecimientos 
naturales relacionados con su propio mecanismo existencial, y 
bajo la tension tambien de un poder sagrado que ejercfa una 
influencia misteriosa sobre el. Entre las necesidades de lo vital 
y el miedo a los desconocido, surge en el hombre el sentimiento 
religioso por el que tratara de hacer que las fuerzas de lo divino 
le sean propicias. Lo religioso es un intento tambien de hallar su 
propia proyeccion hacia lo cosmico en una busqueda constante 
de su identidad relacionada con la gigantesca maquinaria viviente 
que constituye el Cosmos. Precisamente en esta revelacion exis
tencial del hombre a traves de la experiencia cosmologica es 
donde tienen funcion ritual los sfmbolos y esquematismos que 
han de venir en su ayuda para ofrecerle imagenes que trasciendan 
a sus limitaciones y carencias, revelandole un piano superior de 
la realidad. 

La pintura esquematica si bien carente de valor artfstico, debe
mos considerarla como una forma de arte abstracto que bajo 
representaciones geometricas, obedece a un rfgido simbolismo 
que origina esquemas al servicio de ideas religiosas. 

Las cavernas y los abrigos apartados fueron en la prehistoria 
santuarios de invocacion magica para propiciar en ellos la caza 
en unos casos y la fertilidad en otros. Los expertos brujos, hechi
ceros o magos trataron de activar las poderosas fuerzas sobrena
turales que harfan posibles sus deseos. 

Entre las muchas estaciones de arte esquematico estudiadas, 
llama nuestra atencion principalmente COGULAR en Ruanales 
de Valderredible, Cantabria por el alto contenido simbolico de 
sus esquematismos, donde los ritos de fecundacion y fertilidad 
debieron cobrar gran importancia a finales del Neolftico y plenitud 
de la Edad del Bronce. 

En el reducido espacio de esta ponencia nos limitaremos 
primeramente a desarrollar una breve descripcion de los conjuntos 

IRUANALES 

• 

EBRO 

\ 

• • . .,•--..,. .,. 
'I .... .__.._. ...... ~ .. ., 

Acceso a la estaci6n rupestre de Cogular en RUANALES, Valerredi
ble. Cantabria. 

de pinturas mas significativos, para despues argumentar algunas 
conclusiones sintetizadas en torno a la idea central de la fecunda
cion. 

Pinturas esquematicas de Cogular. Grupo -A-. 

Descripci6n 
Grupo - A 

Consta basicamente de una figura ramiforme dispuesta en 
sentido horizontal, de la cual parecen colgar varios antropomorfos. 
Dos de ellos se unen por la cabeza a las puntas o ramas inferiores, 
y un tercero muy deteriorado solo muestra la cabeza que perma
nece como los anteriores unida a las puntas que descienden en 
sentido vertical. Es significativa la perfecta representacion de los 
atributos masculinos que muestran los antropomorfos que cuel
gan, como si lo vegetal y por tanto lo cfclico estuvieran en este 
caso relacionados con la fertilidad y la procreacion. En este senti
do, tambien aparece a la izquierda del conjunto otro esquematico 
poderosamente dotado de virilidad y en aptitud de iniciar un salto 
o caminar. Otras tres representaciones mas se distribuyen en el 
grupo, faltandoles presencia por hallarse la pintura muy dilufda 
y parte del soporte desprendido de la roca. En la periferia de 
este panel se pueden contemplar dos antropomorfos mas que 
completan el conjunto con peculiares caracterfsticas por tratarse 
de representaciones femeninas . Estos a diferencia de los reseria
dos anteriormente, no disponen de signos masculinos, y sf por 
el contrario muestran amplios contornos de caderas y acusadas 
formas femeninas en general. 

Grupo - B 

A diferencia de los anteriores que fueron realizados en rojo 
y contornos pianos, en este panel las figuras estan trazadas con 
lfneas rojas muy finas , y a excepcion de un antropomorfo piano, 
el resto es ejecucion lineal. Se compone de cinco representacio
nes de animal cuadrupedo formadas esencialmente con el mismo 
numero de rayas e igual disposicion de estas, sin ninguna preten
sion artfstica. Sobre cuatro de los zoomorfos aparecen colocados 
con la misma intencion sendas formas cilfndricas terminadas en 
glande, y una de ellas con pequerias rayas alrededor de esta 
terminacion , como serialando la presencia de un flufdo o sensibili
dad inherente a esta parte. Curiosamente, la disposicion de estos 
signos falicos no es casual en el conjunto ya que el pintor prehisto
rico situo dos animales a la derecha y dos a la izquierda, separa
dos entre ambos para formar un rectangulo en cuyo centro se 
halla la quinta pintura de animal sobre la que se encuentra una 
representacion vulvar realizada con dos circunferencias concentri
cas muy irregulares y ovaladas, en la que penetra otra forma 
cilfndrica similar a las anteriores que parte del animal en sentido 
ascendente. Sobre este conjunto se halla dispuesta en la parte 
superior del panel y un poco a la derecha, la figura de una 
representacion humana unica en este grupo, como si de vigilar 
la escena se tratara. 
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Pinturas esquematicas de Cogular. Grupo -B-. 

Conclusiones 

1. Se advierte de inmediato que la actividad desarrollada en 
el santuario de COGULAR para ejercer la atraccion de las fuerzas 
sobrenaturales, se extendfa a las especies, tanto humana como 
animal. 

2. En el grupo -A- se puede apreciar con facilidad la intencio
nada morfologfa que diferencia lo masculino de lo femenino, al 
hombre y a la mujer. Muestran sus atributos sin posibilidad de 
confusion , para establecer la idea clara del macho y la hembra 
y la posibilidad tambien de alguna forma ritual para propiciar la fe
cundacion. 

3. Los antropomorfos machos, permftaseme expresarme en 
terminos genericos, estan fntimamente vinculados al arboriforme 
al estar unidos a este por la cabeza como si de el colgaran o 
de alguna forma dependieran. La idea del arboriforme expresa 
posiblemente una relacion cfclica entre la fuerza vital del hombre 
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y la Naturaleza. El arbol brota con periodicidad anual, y el hombre 
segun esta relacion puede estar sujeto al reloj natural para com
pletar su ciclo biologico. 

4. Si en el grupo -A- quedaba reflejada la inquietud del 
hombre por la continuidad de la vida humana y por tanto la 
continuidad de la tribu, del grupo -8- se podrfa desprender la 
idea complementaria acerca de las exigencias alimenticias nece
sarias para la supervivencia. Si las protefnas animales fueron 
decisivas en la dieta alimenticia del hombre, no tendrfa nada de 
extrario que este se preocupara espcialmente en lograr la mayor 
fertilidad de sus ganados con el control de la fecundacion de la 
hembra mediante procedimientos sistematicos entre los que po
dria hallarse el acompariamiento de esta por varios machos. 

Final 

En las pinturas de COGULAR se observa como la fuerza de 
la magia fue aplicada posiblemente por un grupo pastoril interesa
do en fecundar sus ganados y hacerlos fertiles. Es evidente la 
asociacion de representaciones falicas y vulvares como elementos 
precisos para la procreacion de las especies animales, fuente 
primaria de una economfa alimenticia. 

Tambien hallamos en COGULAR antropomorfos con atributos 
marcadamente masculinos, junto a otros del mismo grupo que 
al carecer de estos distintivos naturales, pueden serialar la presen
cia del signo femenino. 

Como quiera que sea, la preocupacion por la continuidad de 
la vida se manifiesta constantemente con sfmbolos y rituales que 
constituyen las formas caracteristicas de una religion basada en 
el dinamismo de unas fuerzas que trascienden a lo puramente 
material en la union de los elementos macho y hembra renovado
res de vida. 

Gli insediamenti prestorici in grotta nei Monti Carseolani 

RESUM 

Silvano Agostini (Geo/ago) 
Vicenzo D'Ercole (Archeologo) 
Sopr. Archeo/ogica dell'Abruzzo 
Villa Ciomunale 3, 
66100 CH/ET/, /TALIA 

En el carst de /es Muntanyes de Carseolani (Apenins Centrals) s 'hi coneixen a/guns assentaments humans prehistories localitzats 
en coves i aixoplucs. 

L 'area es una conexi6 natural de/s Apenins amb /'alineaci6 N. 0-S.E. Les valls tenen una longitud de 15 km. i s6n molt estretes. 
I <=JS conques no superen mai els 2.000 m. d'a/titud. El medi ambient es el tfpic de /es zones carstiques de/s Apenins Centrals i la 
seva degradaci6 es deguda a la presencia ancestral de /'home. 

Les restes arqueologiques indiquen (en contrast amb /es condicions geografiques) contactes preferents amb el m6n def Lacio, 
a /'oest, iamb la zona interior dels Abruzzos, a /'est. Per reg/a general, tots els assentaments, tant histories com prehistories, es 
troben situats en zones proximes a surgencies carstiques. Tant es aixf, que ham pot constatar-ho en els jaciments arqueo/ogics de 
l 'abriga/1 de Tagliacozzo (amb materials neolftics i romans), a la cova de Beatrice Cenci (amb materials neolftics i de/ Bronze antic) 
i a /es coves Cola 1 i Cola 2 (amb materials def Neolftic i de /'edat def Bronze). 

Nosaltres presentem els frets cronologics i tipologics de/s assentaments aixf com /es seves re/acions amb /es zones carstiques. 

RESUMEN 

En el karst de /os Montes Carseolani (Apeninos Centrales) se conocen a/gunos asentamientos humanos prehist6ricos en cuevas 
y abrigos. 

El area es una conexi6n natural de las Apeninos con la alineaci6n NO-SE. Los val/es tienen una longitud de 15 km. y son muy 
estrechos, y fas cuencas nunca esta.n par encima de las 2.000 m. El media ambiente es el tfpico de las zonas ka.rsticas de las 
Apeninos Centrales y su degradaci6n se debe a la presencia desde antiguo de/ hombre. 

Los restos arqueo/6gicos muestran (en contraste con las condiciones geogra.ficas) contactos preferentes con el mundo def 
Lacio en el Oeste y con la zona interna de las Abruzzos en el Este. Par reg/a general todos las asentamientos, tanto hist6ricos 
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coma prehist6ricos, se situan en la proximidad de surgencias karsticas. Asf se constata en las yacimientos arqueo/6gicos def abrigo 
Tagliacozzo (materia/es neolfticos y romanos), la cueva Beatrice Cenci (materia/es neolfticos y de/ Bronce antiguo) y las Cuevas Cola 
1 y Cola 2 (con materiales de/ Neolftico y de la Edad de Bronce). 

Se presentan rasgos cronol6gicos y tipol6gicos de las asentamientos, asf coma sus re/aciones con las zonas karsticas. 

SUMMARY 

Prehistoric archaeological humman settlements are known in some caves and under covers, in the karst area of Carseo/ani 
Mountains (Central Apennines). 

The area is a natural apennine connection with NW-SE lineament. The valleys are 15 k longe. They are very narrow and the 
watersheds are never higher than 2.000 mt. The ecological enviroment is typical in central Apennines karst regions. 

Eco/ogial degradation is due to older anthropic presence. 
The archaeological evidence shows (in contrast with geographical conditions) preferential connections with «Latium world>> in 

the wesrt and Abruzzo internal area in the East. Historic and prehistoric settlements usually are near karst springs. Here we speack 
about archaeological sites of: Tagliacozzo Cover (Neolitic-Roman age Materials); Beatrice Cenci cave (Neolitic and First Bronze age 
materials); Cola 1 and cola 2 Caves (Neolitic and Bronze age materials). 

The cronological, typological contests and the relations of the archaeological settienments with the karst area are here illustrated. 

La morfologia dei M.ti Carseolani e condizionata dalle caratteri
stiche litologiche e dall'assetto strutturale definitosi con la tettoni
ca Quaternaria. Le dorsali sono costituite da calcari profondamene 
carsificati e raggiungono quote non superiori ai 2000 m .. Numerose 
sono le grotte, i ripari e i piano carsici somitali dove al bosco e 
alla nuda roccia si sostituiscono estesi pascoli . Nelle valli strette 
e incassate affiorano terreni pesanti argillo-aranecei , sui versanti 
impostati lungo piani di faglia prevalgono conoidi e detriti di falda 
che addolciscono i pendii. L'idrografia e costituita da numerosi 
bacini chiusi che riversano le loro acque in grotte di attraversamen
to (Segre A.G. 1948). Non numerose ma puntuali le sorgenti 
carsiche, di notevole portate e senza esaurimento stagionale. Non 
di rado la parte terminale dei bacini chiusi e soggetta a impaluda
mento. La morfologia dei bacini e lembi di depositi terrazzati 
testimonia che nel Pleistocene superiore ii fenomeno era piu mar
cato. Attorno a questi ambienti «Lacustri» uno degli autori ha 
rinvenuto industrie del Paleolitico medio, contenute in un suolo 
vertico sepolto. La presenza di ampli pascoli, di zone forestali e 
di punti acqua obbligati per la fauna e per l'uomo, suggerisce 
una preliminare correlazione tragli insediamenti e i fattori ambien
tali. Tutti i siti sin ora noti si pongono infatti a meta versante 
montano, vicino a sorgenti (Liri , lmele), a inghiottitoi (B.Cenci), 
nonche in posizione strategica dei pascoli sommitali e dei percorsi 
obbligati della selvaggina. Pur confermando direttrici oro-idrografi
che appenniniche con sbocco a Nord nell 'area Sabina (Turano, 

Tav. 1 CARTA GEOAMBIENTALE E DEi SITI ARCHEOLOGICI PREISTORICI 
a) Sorgenti carsiche 
b) lnghiottitoi 
c) Viabilita naturale; S-C Sabina, Cicolano; CR Piana di Carsoli ; P-F, Palentini , conca 
Fucense; C-S, Cassino, Sora. 
d) idrografia principale 
e) Scarpate e falesia carsiche con grotte e ripari 
I) Depositi lacustri , vertisuoli. 
g) 1 lndustrie del Paleolitico media 

2 Gretta Cola 1 ° 
3 Gretta Cola 2° 

Cicolano) ea Sud nell'area Volsco-Latina (Cassini, Sora) la viabilita 
naturale nei Carseolani mostra numerosi passi e linee favorevoli 
nelle paleovalli sospese (Villafranchiano) che costituiscono assi 
verso Ovest (mondo laziale) a verso Est (mondo ltalico). 

I siti archeologici da noi conosciuti nell 'area dei Monti Carseola
ni sono: 

Grotta Cola I (Cappadocia) 

La grotta fu utilizzata all'inizio del secolo scorso a fabbrica 
per ii salnitro, asportando e disturbando ii deposito preistorico; 
scavi effettuati nel 1870 (Nicolucci 1878) portarono alla luce molti 
resti dell'orso delle caverne, un ascia levigata in pietra verde, 
ceramica ed industria litica attribuita dallo scavatore ad eta neoliti
ca. Successivi scavi condotti nel 1956 (Radmilli 1977) all'interno 
della grotta portarono al rinvenimento di altre ossa di Ursus spela
eus, mentre all'esterno lungo la china furono raccoltto resti cerami
ci attribuibili all'eta del bronzo. 

Grotta Cola II (Cappadocia) 

Picola cavita resituata da crolli in antico, scavata integralmente 
nel 1956 (Radmilli 1957) ha restituito una stratigrafia formata da 

4 Riparo la Difesa di Tagliacozzo 
5 Gretta Beatrice Cenci 
6 Grottone di Val di Varri (non citato nel testo) 
7 Gretta grande del Cerva (non citato nel testo) 
8 Rocca di Batte 

h) Alluvioni antiche e recenti 
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i) Complesso argilloso aranaceo, coperture forestali estese, calanchi e frane suoli 
bruni acidi , suoli bruni lisciviati , suoli bruni e litosuoli. 
I) Rendzina, suoli bruni calcarei e litosuoli , rari paleosuoli. 
m) Coperture forestali su carso coperto, grize, Karren. Tav. 2/3/ 4 
Tagliacozzo; riparo Monte la Difesa. Materiali neolitici e dell'eta del Bronzo. 
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«trenta cm . di terriccio con ceneri , carboni e frammenti di ceramica 
medioevale, un focolare preistorico dello spe,ssore massimo, al 
centro, di 40 cm . e che occupava tutta l'area della grotta». Secon
do lo scavatore la grotta fu «utilizzata quale luogo di insediamen
to .. . in una fase molto avanzata nell'ambito della cultura di Ripoli» 
(IV-Ill millennia). 

Grotta Beatrice Cenci (Petrella) 

Mai indagata scientificamente: alcuni reperti (inediti) raccolti 
nelle terre di risulta di scavi clandestini sembrano indicare presen
ze neolitiche (ceramica figulina) e dell'eta del bronzo (probabilmen
te antica e media iniziale). 

Tomba Camerata (Tagliacozzo) 

Rinvenuta alla fine del secolo scorso, «scavata nel tufo, e 
misurava m. 2,20 in lunghezza e m. 0,70 in larghezza. La tomba 
era ermeticamente chiusa de pezzi dello stesso tufo. Sopra la 
copertura era un strata di terra vegetale, di m. 0,40. Era orientata 
ad ovest». (Canale-Parola 1888). All'interno della sepoltura un 
inumato che recava, intorno al cranio , 18 punte di freccia in selce 
ed un'ascia piatta di rame (Pigorini 1888); si tratta di una delle 
rare tertimonianza presenti nella regione, attribuibile all 'eta eneoli
tica (Ill millennia) e messa in rapporto, da alcuni autori, alla cultura 
di Rinaldone (Lazio-Toscana). 

Riparo Monte La Difesa (Tagliacozzo) 

Materiali raccolti nel 1972 da un grupo spontaneo (G.A.I.); la 
tipologia dei reperti indica varia presenze neolitiche (solcature a 
crudo tipo Sasso, ceramica figulina, decorazioni graffite) e della 
eta del bronzo (anse a nastro tipo protoappenninico B, decorazioni 
campite in stile appenninico classico, forme, anse e decorazioni 
del tardo-appenninico). Sembra trattarsi quindi di una frequenta
zione avvenuta in piena eta neolitica (V-IV millennia) e durante le 
fasi centrali dell'eta del bronzo (XVI-XIII sec.) . II materiale e inedito 
e viene presentato nelle tavole allegate in forma preliminare. 

Rocca di Botte 

Numerosi reperti (inediti), raccolti in anni recenti nei pressi del 
cimitero del paese, sono conservati nel museo dell'abbazia di 
Santa Scolastica di Subiaco; si tratta di materiali ceramici e litici 
attribuibili alla media eta del bronzo (meta del secondo millen
nia). 

Perella Liri 

Nella raccolta condotta agli inizi del secolo da Giuseppe Belluc
ci ed attualmente conservata nel Museo di Perugia, e presente 

un'ascia a margini rialzati in bronzo «proveniente» da Petrella Liri 
(Peroni 1961). Si tratta di un'ascia del tipo Battifolle (Peroni 1971) 
con tallone diritto e lama a margini concavi che rientra nel «primo 
orizzonte di ripostigli» , agli inizi cioe della antica eta del bronzo 
(inizi secondo millennia). 

Nessuno dei siti descritti per le sue caractteristiche topografi
che e morfologiche, nonche per l'entita dei depositi (sedimenti 
naturali e antropizzati) puo indiziare una frequentazione che non 
sia quella stagionale a per alcuni siti ance occasionale. Questa 
insieme non diminuisce l'importanza degli insediamenti sia per 
una migliore conoscenza delle aree di frequentazione e diffusione 
delle culture in questione, sia per l'analisi delle risorse territoriali 
che si inseriscono nel binomio sussistenza, economia-crescita 
demografica. Stando allo stato attuale delle ricerche, occasionali 
e mai pianificate, che evidenziano al momenta l'assenza di abitati 
all 'aperto, la frequntazione di grotte e ripari si inserice nella area 
carseonana come un risposta stagionale di sussistenza a sistemi 
che trovano nei limitrofi piani Palentini, conca fucense e piana di 
Carsoli, i loro immediati baricentri insediamentali a tut tutt'oggi 
noti . L'area carseolana, in definitiva, sembra rappresentare una 
«riserva» ambientale (caccia, allevamento) stagionale per le aree 
insediamentali circostanti. 
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Arte rupestre en cuevas en los Estados Unidos y Canada 

RESUM 

Russell and Jeanne Gurnee 
231 Irving Avenue 
Closter, New Jersey 07624 
US.A 

L 'art rupestre de Jes coves, a diferencia de /'art rupestre en general, assumeix el fet que /'artista primitiu va crear la seva obra 
en una obscuritat total, requerint I/um artificial per a realitzar la seva tasca. Aquesta subtil distinci6 exclou el 99 % de/ que es coneix 
avui com a art primitiu, cenyint-se a aquel/es marques que hom pot trobar en zones remotes endins de la terra. Aquest treba/1 no 
preten explicar els motius ni avaluar el merit artistic d'aquests trebal/s, sin6 que intenta identificar i ap/egar referencies i uvicacions 
de 1/ocs a Nord-america. Les referencies inclouen indrets coneguts o ignorats, descripcions d'observadors i especulacions contempora
nies sobre possibles descobriments. L 'area geografica inc/osa en aquest treba/1 es arbitraria, ja que els limits geografics entre els 
Estats Units i el Canada no significaven res per a l'artista, que ha deixat mostres palpables de /es seves visites a /es coves. S'inclou 
tam be una bibliografia, amb monografies completes a fi de col· /aborar mil/or en /es investigacions. 

RESUMEN 

El Arte Rupestre en Cuevas, a diferencia de/ Arte Rupestre asume que el artista primitivo cre6 su obra en absoluta oscuridad, 
requeriendo luz artificial para rea/izar su trabajo. Esta fina distinci6n e/imina el 99 % de las evidencias de/ trabajo de arte primitivo 
y se concentra en aquel/as marcas co/ocadas en areas remotas bajo tierra. Este trabajo no pretende explicar la motivaci6n o evaluar 
el merito artfstico de estos trabajos, pero intenta identificar y reunir referencias y ubicaciones de Jugares en Norte America. Las 
referencias incluyen lugares conocidos y perdidos, descripciones por observadores y especu/aci6n contemporanea sobre posib/es 
descubrimientos. El area geografica inclufda en este trabajo es arbitraria ya que I/mites entre los Estados Unidos y Canada no 
significan nada para el artista que ha dejado registros tangibles de sus visitas a cuevas. Se incluye una bibliograffa con la monograffa 
comp/eta a fin de ayudar en mas investigaciones. 

RESUME 

L 'art rupestre dans Jes grottes, contrairement a /'art rupestre, implique que /'artiste a cree son oeuvre dans /'obscurite totale, 
devant employer la lumiere artificiel/e pour realiser son travail. Cette nuance elimine 99 % des evidences du travail d'art primitif pour 
se concentrer sur Jes marques faites dans de endroits eloignes sous terre. Ce rapport ne pretend pas expliquer Jes motifs ou eva/uer 
le merite artistique de ces travaux, mais ii essait d'identifier et de reunir des references et endroits en Amerique du Nord. Les 
references inc/uent des endroits connus et perdus, des descriptions par des observateurs et des speculations contemporaines sur 
d 'eventuelles decouvertes. La zone geographique inc/use dans ce rapport est arbitraire, car /es limites entre Jes Etats-Unis et le 
Canada ne signifient rien pour /'artiste qui a laisse des marques tangibles de ses vues dans Jes grottes. Une bibliographie avec la 
monographie complete est jointe afin d'apporter une aide a d 'autres investigations. 

La cantidad de literatura arqueol6gica relacionada con el indio 
americano ha aumentado en volumen a pesar de que la mayorfa 
de los indios no tenfa un lenguaje escrito con el cual relatar su 
historia. Todos los miles de trabajos, libros e informes que han 
escrito los investigadores se basan en evidencias encontradas 
en las ruinas de viviendas, lugares de acampar, cuevas y en las 
historias contadas de boca en boca. Aun los estimados de la 
fecha de la llegada del hombre al Nuevo Mundo es incierta. En 
1930 la duraci6n del tiempo que el hombre ha vivido en Norte 
America se dijo era menos de 10.000 anos. Las autoridades 
concuerdan que esta fue la fecha en que el ultimo glaciar abri6 
el puente terrestre a Asia permitiendo la inmigraci6n al continente 
norteamericano. (llustraci6n 1) 

Ahora, cincuenta anos mas tarde, los cientfficos fijan la fecha 
del arribo de las primeras gentes a exceder veinte mil anos . No 
hay ningun material «nuevo»; obviamente todo el material que 
establecerfa la ocupaci6n primitiva ya existe. Todo lo que se 
necesita es descubrimiento y entendimiento. 

Este «Entendimiento» aumenta diariamente, a medida que las 
instituciones educativas estan conservando datos y produciendo 
cientfficos a un ritmo mayor. La duplicaci6n del tiempo calculado 
de que los indios estaban en el continente norteamericano puede 
atribuirse a la energfa, entusiasmo y estudio de cientfficos moder
nos. Esta ampliaci6n del conocimiento continuara y se refinara 
para proveer una base mas amplia sobre la cual elaborar hip6tesis. 
Menos seguro es que se revele nueva informaci6n relacionada 

con la historia del hombre en el Nuevo Mundo. Estamos en una 
carrera con el tiempo para descubrir nuevas evidencias sobre el 
hombre primitivo. Como la mayorfa de los vestigios de una visita
ci6n en los comienzos son fragiles , el clima y las fuerzas naturales 
operan para destruirlos. Ademas, las inundaciones de areas por 
represas, y la construcci6n de carreteras, edificios, areas de 
estacionamiento, etc. cubren , esconden o perturban lugares que 
podrfan ser importantes para la historia. Como los vestigios son 
finitos (habia tan solo un cierto numero para comenzar), el descu
brimiento o perdida de cualquier pieza reduce por uno el total a 
encontrarse. (llustraci6n 2-a) . 

El Arte Rupestre ha sufrido particularmente de los efectos del 
clima, la erosion y el vandalismo. Del estimado de veinte mil 
lugares en Norte America, muchos no han sobrevivido. Esta perdi
da continua, pero afortunadamente se puede hacer un registro 
de los dibujos y las pinturas por medio de la fotograffa, sin afectar 
el lugar, proveyendo un registro visual permanente. (llustraci6n 2) 

El Arte Rupestre en Cuevas -pictograffa preservada en los 
oscuros huecos de cuevas- es extremadamente raro en Norte 
America. La investigaci6n para este trabajo ha revelado solamente 
cuatro lugares principales en la literatura norteamericana que 
podria satisfacer plenamente este criterio. El requisito de oscuri
dad total y luz artificial no es un requisito imposible ya que hay 
cientos de cuevas a traves de Europa y Asia que tienen tales 
vestigios y pinturas. Hace treinta anos el numero de cuevas con 
pinturas policromadas en Mexico y America Central (aquellas 
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cuevas que requieren luz artificial) era solo una: la Cueva Juxtla
huaca en Guerrero. Actualmente, hay mas de veinte que incluyen 
dibujos, esculturas, y enterramientos. 

Las cuatro cuevas, en particular, en Norte America que cree
mos proveen ejemplos de un verdadero Arte Rupestre en Cuevas 
son representativas de los diferentes tipos de trabajos en otras 
partes del mundo y probablemente no son raras. Habran otros 
descubrimientos. Cada uno de los ejemplos de este arte rupestre 
esta en un tipo diferente de cueva y provee claves que podran 
guiar hacia otros descubrimientos donde existan condiciones simi
lares. 

La Cueva del Lago Tule, Monumento Nacional de Capas 
de Lava, California 

Existen mas de 200 conductos de lava en el Monumento 
Nacional de Capas de Lava, mayormente pequenos remanentes 
de conductos de lava derrumbados -el mas reciente formado 
hace unos 30.000 ar'ios durante la erupcion de cercano Crater 
Mammoth. Pictograffas en pigmentos minerales rojo, amarillo y 
verde se encuentran en varias de las cuevas; Big Painted («Muy 
Pintada»), Little Painted («Poco pintada»), Indian Well («Pozo Indio») 
yen las Cuevas Symbol Bridge («Puente Simbolico»). Sin embargo, 
los dibujos en muchos de estos conductos de lava se encuentran 
en areas luminosas cerca de entradas y estan preservadas debido 
al abrigo de las rocas. La Cueva del Lago Tule que tambien 
contiene pictograffas es una verdadera cueva oscura de acuerdo 
con Campbell Grant- aunque tiene dos aberturas hacia la superfi
cie . 

Feather Cave («Cueva de la Pluma»), Capitan, Nuevo 
Mexico 

Esta cueva pequena, una extension de una cueva de refugio, 
contiene (en adicion a depositos ceremoniales sin perturbar) algu
nas pinturas finas. De interes especial es la razon que la poblacion 
india de Pueblo tenfa para el uso de este lugar. En su religion 
los indios de Pueblo creian que el acceso a la tierra estaba 
asociado con cuevas. Un tunel natural que conducfa a una camara 
secreta detras del refugio llano se ajustaba a esta descripcion 
y, sin duda, dio margen al uso de esta area, que ahora se 
denomina Feather Cave («Cueva de la Pluma»), para propositos 
ceremoniales. Descubrimientos similares se han encontrado en 
Mexico donde tuneles pequenos saliendo de salones de reunion 
en cuevas han conducido a lugares ceremoniales. 

New Cave («cueva Nueva»), Parque Nacional Carlsbad. 
Nuevo Mexico (llustracion 5) 

Esta enorme cueva esta ahora abierta para visitas limitadas 
bajo la supervision del Servicio Nacional de Parques de los Esta
dos Unidos. A unos quinientos pies dentro de la cueva hay una 
pictografia en negro. Esto esta asociado con el descubrimiento 
de algunos objetos en ceramica localizados en la misma area. 
Sin embargo, el significado de este dibujo geometrico, o posible
mente antropomorfico, es poco claro. Robinson ha especulado 
que los dibujos son un mapa trazado por los primeros indicios. 
Lo importante es que demuestra que los primeros habitantes si 
visitaban cuevas de piedra caliza y de hecho dejaban evidencia 
artfstica en gigantescos salones bajo tierra , al igual que el hombre 
primitivo lo hiciera en las cuevas del sur de Francia. 

Jaguar Cave («Cueva del Jaguar»), Tennessee Oriental 
(llustracion 6) 

El descubrimiento mas sorprendente de trabajo de arte en 
cuevas se ha encontrado en la Cueva del Jaguar, Tennessee. 
Dibujos hechos en barro blando, plastico no se considerarfa usual
mente como un registro permanente, sin embargo estos dibujos 
todavfa existen. 

Estos cuatro ejemplos no son, ciertamente, los unicos casos 
aislados de dibujos indios en cuevas. La razon para su seleccion 
es estimular la observacion e identificacion del estilo y del tipo 
de posibles evidencias en cuevas oscuras. Las pinturas en cuevas 
son frecuentemente tan fragiles que su supervivencia esta amena
zada. Por lo tanto, los investigadores son reservados al describir 
algunas que se conocen y las ubicaciones no se han revelado, 
a fin de evitar el vandalismo. 

Campbell Grant incluyo en su libro sobre Arte Rupestre un 
mapa mostrando ubicaciones de lugares conocidos en Norte Ame
rica. 

La comparacion de este mapa con uno de terreno carstico 
de piedra caliza puede ser util en la busqueda de lugares de 
arte en cuevas. Vease (llustracion 3). 

Muchos descubrimientos recientes de vestigios arqueologicos 
y paleoliticos en cuevas han sido hechos por espeleologos que 
tambien observaron cuadros y dibujos en paredes. Los espeleolo
gos que esten alerta a la posibilidad de pinturas en cuevas por 
los primeros indios pueden hacer una valiosa contribucion. Notifi
cando a investigadores reconocidos serfa posible identificar y 
estudiar evidencias nuevas encontradas y asi ayudar a ampliar 
el conocimiento de la ocupacion y arte de los primeros indios en 
las cuevas del Hemisferio Occidental. 
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Spanish karstic fillings: The key for Pleistocene ursidae knowledge 

T. de Torres (M. Engineer Ph. 0.) 
Empresa Nacional ADARO de lnvestigaciones Mineras S.A. 

RESUM 

En aquesta nota es realitza una revisio dels ossos plistocenics, basada en material enpanyol; material que prove, fonamentalment, 
de diposits carstics. Es fa tambe una revisio de la filogenia i de la distribucio estratigrafica i geografica de /es diferents especies. 

RESUMEN 

En esta nota se realiza una revision de los osos pleistocenos basada en el material espanol, que proviene, principalmente, de 
rellenos ka.rsticos. Se hace una revision de la filogenia y distribucion estratigra.fica y geogra.fica de las diferentes especies. 

SUMMARY 

This paper deals of a review of Pleistocene bears, based upon Spanish material, which mainly arises from karstic fillings. We 
make a review of phylogeny, and geographical and stratigraphical distributions of the different species. 

Introduction 

During the last years, excavations made in Spain have supplieo 
a very rich material of fossil bears from different species and 
ages, which have produced a great amount of new knowledge 
on phylogeny and stratigraphical and geographical distribution. 

· Phylogeny 

Ursus etruscus G. CUVIER was the common ancestor of the 
most successfull evolutive trends (speloid and arctoid) of 
Pleistocene bears in Eurasia. 

The speloid evolutive trend is represented by two species 
which show a more complicated dental morphology, progressive 
simplified dental formula, and skeleton also progressively more 
heavily built. The older is Ursus denin geri VON REICHENAU, 
which is substituted at the Riss by the cave bear -Ursus spelaeus 
ROSENMULLER-HEINROTH- which dissapeared at the end of 
the Pleistocene times, probably because of paleolitic man and 
brown bear demographic pressure. 

The arctoid evolutive trend is represented in Europa, until the 
Upper Riss time, by Ursus prearctos BOULE, which is not directly 
connected with the «true» brown bear - Ursus arctos LINNEO
representing an species closely related with its direct ancestor 
U.etruscus. 

U.prearctos appeared in the Middle Pleistocene, in populations 
with local differences but its skeleton was more heavily built and 
the dental morphology was more complicated . 

The polar bear -Ursus maritimus PHIPPS- which never was 
found in Spain , can be placed into the arctoid group. It probably 
was derivated from an ancestral population of U.etruscus or U. 
prearctos isolated in an indeterminated cold period . 

The brown bear is a late emigrant which , at the en of the 
Pleistocene, moved southwrds from Asia , colonizing all Europa, 
the Mediterranean border of Africa and N. America. 

Until the Riss, there is an unfrequent bear in the faunal 
European panorama: Ursus mediterraneus F. MAYOR, closely 
related with Ursus minimus DEVEZE&DEBOUILLET. 

Geographical and Stratigraphical distribution in Spain 
(Fig.-2) 

The oldest Spanish fossil bear found in a karstic system is 
U.minimus (sin. Ursus arvernensis CROIZET&JOBERT) from Layna 
(Guadalajara) of Lower Villafranchian age. No Spanish material of 
this species, arises from no karstic deposits: Gaville (Italy) and 
Perpignan (France). The Spanish material could be not of a true 
cave host, but alloctonous material filling karstic fissures . 

At the Middle-Upper Villafranchian a true demographical 
explosion of Ursidae took place with the apparition of U.etruscus. 
The oldest material has been found at the Lower Villafranchian 
locality of Villarroya (Logrono), but the boom of the species was 
at the Middle-Upper Villafranchian: Val d'Arno (Italy), Tegelen 
(Netherland), Saint Vallier (France), all of them non karstics 
deposits. In Spain, fossil remains of U.etruscus have been found 
at : Villarroya (Logrono), Puebla de Valverde (Teruel), Venta Micena 
(Granada) and Almenara (Castellon). The last is the only one with 
a karstic origin. 

The first true cave inhabitant has been found at the Gran 
Dolina (Burgos) of GUnz age. Relatively abundant material , 
comprising adults and cubs bones, have appeaderd. This bear, 
a more evolutioned species but closely related with its ancestor 
U.etruscus appeared also in Mollet Rac6, Barcelona (Mindel) and 
Pinilla del Valle , Madrid (Riss). 

But in Europa U.etruscus evolved mainly in a speloid way: 
enormous increase of teeth size, skull volume (pneumatization) 
and transversal dimension of postcraneal bones. This 
phoenomena was probably related with important changes in 
feeding habits and behaviour. 

The first representant of this evolutive trend is U.deningeri 
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Fig.- 1. Ursidae Phylogeny. After Erdbrink (1955) and Torres (1984), modified. 

which mainly was found in Europa associated with fluvio-lacustrine 
sediments. But in Spain there appeared exclusively in caves: 
Lezetxiki (Guipuzcoa), Cueva Nueva 1-11 (Segovia), Santa Isabel 
(Vizcaya) and Cueva Mayor (Burgos) -see Fig.-2- . With the 
exception of Lezetxiki, of probably Riss age, the other ones are 
of Mindel age. 

The more popular and best known cave user is U.spelaeus 
whose remains have been recovered in caves of all European 
countries , been unfrequents in open air paleontological sites, with 
the well konwn exceptions of the loess of Krasnodar and the 
undersea sediments of the Canal. In the author 's opinion the cave 
bear appeared at the Upper Riss: Tres Simas (Burgos), Lezetxiki 
(Guipuzcoa) and (?) Troskaeta (Guipuzcoa) -see Fig .-3-, where 
there are small sized animals. This species, reached a true 
ecological boom at the Lower Wurm. In Spain , despite of the fact 
that traces of this species appeared in a great number o caves, 
only five accummulations of cave bear remains can be specified : 

JOOlt-. 

... .. , 

... 

Fig.- 2. Geographical distribution of less common bears species finds. 
e-U.etruscus: 1.- Villarroya-Logrol'io (no karstic): 2.- Puebla de Valverde-Teruel (no 
karstic): 3.- Venta Micena-Granada (no kars tic): 4.- Almenara-Castell6n (karstic). 
r-U.ruscinensis: Layna-Guadalaja (kars tic). m-U.mediterraneus: 1.- Villaviella -Castel/6n 
(kars tic): 2.- Gau Borras-Castell6n (ka rstic). d-U .deningeri : 1.- Cueva Nueva /-I/
Guadalajara (kars tic): 2.- Cueva Mayor-Burgos (kars tic): 3.- Cueva de Lezetxiki
Guipuzcoa (kars tic); 4.- Pardaki-Guipuzcoa (karstic). p-U. prearctos: 1.- Pinilla-Madrid 
(karstic): 2 - Mollet Rac6-Gerona (kars tic): 3. - Palacios de la Sierra-Burgos (karstic), 
4. - Gran Oolina-Burgos (karstic). 

TIEMAKTOS AILUIOP'OOA 

AGRIOTHERINAE 

, ,ucroous -, 

Ekain (Deba, Guipuzcoa), El Toll (Moia, Barcelona), El Reguerillo 
(Torrelaguna, Madrid), Raclau Viver (Bafiolas, Gerona) and 
Arrikrutz (Ofiate, Guipuzcoa). With the exception of the last one, 
of Wurm Ill age, the others are of Wurm I age. 

Spanish cave bear populations can be grouped in three 
geographical areas: Cantabric, Mediterranean and Central 

The first one is the best known and it is evident that the cave 
bear was a successful inhabitant of this region: its remains 
appeared in many caves, whit the exception of those situated in 
the mountains . 

From this area, this specie moved in two different directions 
-Fig .-3-: crossing the Cantabrian Cordillera reached the low lands 

200K• . 

Fig.- 3. Cave bear distnbution in the Iberian Peninsula. A Cantabric area. B 
Mediterranean Area. C Central Area. 

of Nord Castillia, colonizating some caves of the North of the 
province of Burgos. Also, moved westwards across non 
karstifiable areas of Galicia (metamorphic formations) , and in a 
isolated strata intercalated in a metamorphic complex, where 
some caves were developped,cave bear remains have been found 
(C. del Purrufial) . 

The Mediterranean population was not connected with the 
Cantabrian one, but probably was whit the meridional cave bear 
populations of France. This group din not move too much 
southwards, probably because of a kind of ecological barrier 
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stablished by the mouth and lower part of the Ebro River; in the 
province of Castellon where mainly karstifiable rocks outcrop, the 
cave bear has never found . And this is strange because this 
species also lived in river mouths and marsh areas of the 
Netherlands. 

The Central population is the most recently discovered, and 
is represented , almost exclusively, by the Cueva de El Reguerillo 
population . The cave bear probably moved southwards, from the 
Cantabric zone, going around the eastern limits of the Nothem 
Meseta, which probably acted as ecological barrier, reaching its 
southern limit , which coincides with the limit of karstifiable rocks , 
at the Cordillera Central. And it did not surpass the Southern 
Meseta, bounded by no karstifiable rocks , towards favourable 
karstic areas of Andalusia . 

In conclusion: the Cantabric area was continually occupied 
by cave bear population from de Upper Riss (Lezetxiki) until the 
Upper Wurm (arrikrut-Wurm Ill) , with a vestige population which 
dissappeared at the beginning of Holocene times. Mediterranean 
and Central population, probably were developped only during 
the Lower Wurm- the time of maximum successful of the specie. 

As it has been said before, there is also an arctoid evolutive 
trend : U.prearctos, of large stratigraphical ad geographical 
distribution , probably because very low ecological exigences (as 
its ancestor U.etruscus) This specie probably dissappeared under 
the demographic pressure of the new appeared cave bear 
populations. It was a true cave dweller and has been located at: 
Gran Dolina and Palacios de la Sierra (Burgos) of Gunz age, 
Mollet Rac6 (Gerena) of Mindel age and Pinilla del Valle Madrid 
of Riss age. 

At the lower Wurm there is a massive emigration from Asia 
of the «true» brown bear, U.arctos, under the pressure of a drastic 
climatic changement, colonizating N.America, after crossing the 
Behring Straits, now frozen , all Europa and the Mediterranean 
borders of Asia and Africa . 

Finally: during the Middle Pleistocene, a small sized species 

appeared in the Mediterranean border of Spain: U.mediterraneus, 
its remains have been found ossociaded with karstic sediments 
at Cau Borras and Villavieja, both of Riss age. 
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Cleaning, restoration and redevelopment of show caves in Australia 

John Bonwick, Ross Ellis and Mark Bonwick 
RESUM 

L 'elevat nombre de visitants crea, en la major part de /es coves turfstiques, un e/evat grau de pof-luci6 i d'altres problemes de 
manteniment que no es donen en «coves verges». En aquest treball es par/a de/s contaminants mes habituals, de las tecniques per 
a procedir a la seva supressi6 i de /es mesures preventives que hom hi aplica. Amb /es normes actuals, els metodes utilitzats fins 
ara no son pas els mes adients. En especial per a /es Coves de Jeno/an, pero tambe per a altres coves turfstiques dAustralia, s 'han 
inventat diversos metodes per a pa/-liar els danys ocasionats, en uns moments en que han fortamente arrelat !es iniciatives 
encaminades a /'arranjament de /es coves def pafs. 

RESUMEN 

El elevado numero de visitantes crea en la mayorfa de las cuevas turfsticas una poluci6n especial y problemas de mantenimiento 
que no se dan usualmente en cuevas no urbanizadas. Son tratados los contaminantes, las tecnicas para su supresi6n y medidas 
preventivas. Con fas normas actuates /os primitivos metodos de desa'.rollo de1an mucho que desear. _Espec,alm_ente en las cuevas 
de Jeno/an, pero tambien en varias otras cuevas turfsticas de Austrafla, se han puesto en pract,ca d1versos me~odos para correg,r 
/os danos causados en una epoca en que el concepto de turistificaci6n de las cuevas estaba fuertemente arra,gado. 

SUMMARY 

The high number of visitors in most show caves creates special pollution and maintenance problems of a type not usually found 
in «wild caves». The contaminants, techniques for their removal and preventative measures are dealt with. By todays standards early 
development methods leave much to be desired. At Jeno/an caves particularly, but also in several other show caves around Australia, 
various means have been devised for correcting the damage caused in an era when the concept of cave management hardly existed. 

Introduction - Brief history and background of the Jenolan 
experience 

Most of the material presented in this paper relates to Jenolan 
Caves; partly because of the authors' proximity, but more 
deservedly so because of the pioneering work in this field by the 
Jenolan staff. 

Jenolan Caves were discovered in 1838 (Havard 1934, Dunlop 
1967b). By 1848 some public inspections were taking place. In 
1880, electric light was used (Havard 1934). Visitor numbers by 
early 1890 had increaed to 1500 per year (Dunlop 1967a). By the 
turn of the century, no candles were being used for regular 
inspections. Subsequent cave discoveries were all developed with 
electric lighting. In the early 1950's closure of the more difficult 
and less attractive caves (Newbould 1974) coupled with greatly 
increased visitor numbers, naturally increased the load on the 
remaining caves. Cave inspection figures for 1984 were 212,000 
(E . Holland, pers. comm.). 

The awareness of widespread pollution and the fist tentative 
steps to deal with it began in 1955 (Newbould 1974). Mr Harman 
(the appointed Senior Guide the same year) had, over the previous 
1 O years, observed the correlation between the increassed visitor 
numbers and the rapid discolouration of speleothems in all the 
caves. The most abundat pollutant proved to be textile fibres 
from visitor 's clothing. 

Initial experiments with detergents and scrubbing brushes 
proved that much of the contaminating material could be removed , 
but a more efficient process was required. Harman conceived 
the idea of steam cleaning the caves. Enquiries around the world 

for any better ideas proved fruitless, so eventually, in spite of 
considerable unease, the first experiment with a steam cleaner 
took place in the Orient Cave in May, 1961, (Newbould 1976). 
The process appeared to work but some equipment problems 
had to be solved. In 1968 full time cleaning work on the Orient 
Cave commenced. It was completed in 1972 (Newbould 1974). 

Although the early problems with the steam equipment were 
overcome, it was still a slow process. If the time to clean the 
Orient Cave was multiplied by all the other caves it didn't bear 
thinking about. In 1976 the advantages of using an industrial high 
pressure water cleaner for cave cleaning were recognised. Work 
began in the Imperial Cave in February, 1976, using such a cleaner. 
Its success in time saving at least can be measured by the fact 
that all the caves then being shown, including the Orient, were 
cleaned within eight years. 

Cleaning machines 

Steam Generators - Mr. Harman requested an electrically 
powered generator right at the start , but, as such a machine 
could not be located, the first machine used at Jenolan was 
kerosene powered . The results of the cleaning process were 
described as excellent , but the machine was rejected because 
it produced soot (Newbould 1974). A second machine from 
another company was tried . Water was flashed directly into steam 
within a small combustion chamber close to the output nozzle, 
but tests showed it was not satifactory. Cleaner propane fueled 
machines are now available. 
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An electric machine was found but it needed changes to 
make it more portable. The main components were modified so 
they could be moved separately and then reconnected at each 
working site. This machine required too much electrical power 
(30 kW) for it to be connected to the cave lighting system. A 
heavy supply cable had to be fed into the cave to run it. The 
machine was still heavy and the steam hose clumsy to use. In 
spite of these difficulties it was used to clean the Orient Cave 
completely, taking some 480 days (Newbould 1974, Byfield 1977). 
High Pressure Water Cleaners - Two early model machines are 
still in use at Jenolan. These machines deliver cold water at a 
pressure of approximately 750 psi (Anon 1976) at the rate of 
approximately 2.5 GPM. 3/4" garden hose is used for the input 
supply. From a practical operating point of view this type of 
machine is a long way in front of any steam generator. It is light 
and compact enough to be easily moved by one man. Current 
models of the above mentioned capacity weigh only 50 kg. It has 
a low power requirement of only 1.5 hp (2kW) and can be 
connected to the cave lighting system. The pressure hose and 
the gun are both very light. In most cases a cave need not be 
closed while it is being cleaned. «Difficult to get at» walls and 
ceilings may be cleaned from a distance using the long «effective 
reach» of the water jet. 

These machines are now available with a wide range of 
features : various power sources, hot or cold water, detergent 
mixing and pressures up to 10.000 psi. There is a «baby» machine 
about the size of a shoe box that delivers 2 GPM at 400 psi and 
weighs only 5 kg (Information from Anderson Cleaning Equipment 
Pty. Ltd.). For cave cleaning the value of hot water or detergent 
is questionable. From the Jenolan experience there would seem 
to be little or no advantage in pressures higher than 750 psi. Any 
higher pressures could result in damage to calcite surfaces. 

High pressure water guns are now available with an infinitely 
variable pressure control that can ben easily fitted to existing 
equipment. It is a simple flow dividing device that would allow 
low pressure rinsing at the turn of a knob. Turret mounted nozzles 
are also available that would allow a quick change from a straight 
to a fan jet (Information from A.J. Chown Engineering, Sydney). 

Vacuum Cleaning - At Jenolan some experiments have been 
carried out on dry powdery speleothems using a domestic vacuum 
cleaner. The experiment was limited by the equipment available 
but it appeared to have possibilities (E. Holland, pers. comm.). 
Probably the output, that is the pressure end, of a domestic 
cleaner would be a safe way of blowing dust off. The problem 
would be to collect it before it settled elsewhere. A high volume 
filter unit that could pull in .airborne dust at a range of 1 or 2 m 
would be needed. This technique could be applied to speleothems 
that would be damaged by even the gentlest flow of water. On 
the other hand industrial cleaners that pick up steel swart would 
easily pick up dense pockets of lint close to trails . 

Effectiveness of machine cleaning 

Steam versus Water - It should be pointed out here that 
neither process removes the contaminant. It is simply loosened 
and blasted off elsewhere. Both processes do this quite well and 
any difference would be marginal. The overall result is highly 
dependent upon preparatory work, operator skill and post cleaning 
operations. 

Steam or hot water can be used to kill off Lampenflora. 
Although no experiments took place at Jenolan, overseas reports 
show a high success rate. If surface temperatures of 70 °C or 
more can be held for a minute almost all plant material can be 
killed (Aley 1972). On hard surfaces steam does an excellent job 
(Williams 1975). Where algae is growing in crevices the heating 
medium will not reach and it may regenerate . If excessive heat 
and pressure is used on soft or crusted surfaces, seriuos damage 
can occur (Lemon 1975). 

Fragile Speleothems - It is obvious that the full working 
pressure of either steam or water machines cannot be applied 
to fragile decorations such as straws and helictites. Side loads 
are clearly dangerous. The columner strength of straws is much 

greater, and this fact was used to advantage during steam 
cleaning by directing the steam flow from a point vertically 
beneath them (R. Newbould, pers. comm.). In general, fragile 
items are handles either by reducing nozzle pressure, or by 
keeping it well away. Steam or warm water can be allowed to 
drift onto surfaces where dripping condensate would do the 
cleaning, rather than any direct force from the machine. Detergent 
in the water allowed the heat to be cut back further, and a mass 
of soapy bubbles was allowed to exude over helictites (R . 
Newbould, pers. comm.). 

In the case of high pressure water machines in use at Jenolan 
the working pressure is fixed, but they have two sizes of round 
jet nozzles and one fan jet. The latter is used to create a fine 
mist, directed from several metres away at items to be cleaned . 
Even without detergent this has proved to be quite effective. The 
mist, coalescing on dirty straws and helictites returns to the floor 
as «black rain» (E. Holland, pers. comm.). As a result of these 
experiments detergent is no longer used in cleaning at 
Jenolan. 

Removal of Graffiti - Pencil can be removed fairly easily. 
Crayon and lipstick are more difficult (J. Culley, pers. comm.) . 
Where graffiti occurs on surfaces that are not to be washed, a 
«feathering» technique is used to ease the transition between the 
cleaned and uncleaned areas. 

Calcification of Contaminants - Sometimes hours or even days 
may be spent changing a dirty grey lump of stone into a sparkling 
white display. It can be very disappointing for an operator to find, 
after all this work, that one black pack patch resists all efforts 
to remove it. The contaminants have, of course, been trapped 
under fresh calcite. If entrappment has occured, the area is still 
active or is likely to become active again . The answer is patience; 
in time the calcite will build up a sufficient thickness to heal any 
discolouration . 

Bruised Calcite - The water jet is quite effective for removing 
the unsightly impact marks made by picks or rocks . The chalky 
material and broken crystals are flushed out leaving only the small 
change in surface level which is much less obvious. 

Damage by machine cleaning 

Surface Damage - On hard surfaces steam is unlikely to 
cause any crystal damage providing nozzle temperature is kept 
below 100 °C (Aley 1972, Lemon 1975). Water pressure at 750 
psi is safe enough on suitable surfaces. Higher pressures should 
be avoided. 

Breakages - This is one area where steam could be said to 
have an advantage. A short distance from the nozzle the energy 
level begins to dissipate very rapidly. Distant items are therefore 
protected from inadvertant movements. A solid water jet on the 
other hand retains a high level of kinetic energy even at a range 
of 10 or 20 m. Breakages have occured from the use of both 
steam and water. The low percentage of breakages is a small 
price to pay in view of the overall improvement to the cave 
environment. 

Damage to Cave Fauna - At Jenolan, no formal examination 
of cave population was undertaken before or after any of the 
cleaning operations. However, the guides have made the following 
observations. In the Orient Cave, faced with steam and detergent, 
the population moved out. Later, when the cave was being hosed 
down with clean water the cave life returned (Newbould 1974). 
The impression gained during high pressure water cleaning is 
that certain creatures -springtails and wetas- seem to be 
attracted to areas being cleaned. Areas near bat chambers have 
been cleaned with no obvious effect on bat activity or 
population. 

Spot cleaning 

Lampenflora - While the purist might favour steam over 
chemicals, there seems to be ample evidence that chemicals in 
small doses do negligible harm to the cave or its inhabitants. 
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Bleach (sodium hypochlorite) has been used at Jenolan with good 
effect. Calcium hypochlorite may be preferable because any 
residue should be compatible (Rohde & Kerbo 1977, Johnson 
1980, Rohde 1982). A butyl-alcohol concentrate has been used 
in the Congo Caves with success (Oosthuizen, 1981). 

Graffiti - Hydrochloric acid has been used with some success 
(Knutson 1974). One technique for rock walls is to apply a paste 
consisting of dilute HC1 and cave mud. The mud keeps the acid 
in contact with the affected area and helps to preserve a natural 
colour. On calcite surfaces, a strong solution (without mud) is 
applied and then rinsed off (J . Poleson, pers. comm.). In general 
-practice on broken pieces first and use caution (Plantz 1977). 
Graffiti on mud coated walls can be smoothed over using the 
fan jet at an angle (K. Oliver, pers. Comm.). 
Rimstone pools- The cleaning of these and other floor areas 
containing loose or friable material can be the most time 
consuming job of all. Because most of the loose material may 
be natural, high velocity cleaning is not possible. Repeated 
flooding with water will allow lighter material to be washed away 
but mostly rimstone pools have to be hand cleaned. 

Conclusions 

With visitor numbers still climbing, the next few years could 
be a testing time for Jenolan, a test for the work already done, 
and a challenge for all concerned to further improve the method. 
Recently, the Senior Guide kindly showed the authors through 
the Imperial Cave. They remembered it as a long dusty tunnel 
that one hurried through to see more interesting things at the 
other end. Not any more -crystal floors, not seen this century , 
have suddenly appeared- the whole place sparkles and Lot's 
Wife positively glows. 
«IT IS A NEW CAVE» 

Note: An unabridged version of this paper is to be published in the 
Journal of the Sydney Speleological Society. 
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La conservation des concretions dans les cavernes amenagees 

V. Caumartin 

RESUM 

Els estudis efectuats han conduit a la 1/uita contra la corrosi6 c/oroffllica deguda al desenvolupament d 'a/gues, molses i falgueres. 
Es pot pensar en dos sistemas de 1/uita: 
- Utilitzaci6 de productes qufmics, seleccionats amb criteris estrictes 
- Se/ecci6 de lampares e/ectriques, els espectres d 'emissi6 de Jes qua/s s 'apartin, t;I mes possible, dels espectres d 'absorci6 de 
la c/orofilla. 
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RESUMEN 

Los estudios efectuados han conducido a la lucha contra la corrosion c/orofflica debida al desarro/lo de a/gas, musgos y helechos. 
Se puede pensar en dos medias de /ucha 
- Utilizaci6n de productos qufmicos cuya se/ecci6n sea efectuada con criterios precisos; 
- La se/ecci6n de tamparas e/ectricas cuyos espectros de emisi6n se aparten el maxima posible de las espectros de absorci6n de 
la clorofi/a. 

RESUME 

Les etudes ant porte sur la lutte contre la corrosion chlorophy/liennee due au developpement des algues, mousses et fougeres. 
Deux moyens de lutte peuvent etre envisages: 
- /'utilisation de produits chimiques dont le choix est guide par des criteres precis; 
- le choix d 'ampoules e/ectriques dont /es spectres d'emission s'ecartent le plus possible des spectres d'absortion de la ch/orophylle. 

II s'agit aussi bien des revetements stalagmitiques que des 
formations cristallines isolees. Les phenomenes de corrosion qui 
les touchent sont, pour le profane, d'origine physico-chimique 
ou d'origine biochimique; ii n'est pas aise de separer les deux 
mecanismes car le CO2, auquel on attribue a tort taus les mefaits, 
peut resulter, in situ, d'une activite microbienne mais peut etre 
amene par des eaux en provenance des couches pedologiques 
ou les micro-organismes sont tres actifs, ou, tout simplement, 
resulter d'une quelconque activite physiologique - on a souvent 
incrimine la respiration des visiteurs- . Cedependant s'il est diffici
le de separer les deux types de corrosion, dans la majorite des 
situations la matiere organique est prese·nte, c'est done la l'essen
tiel. 

On va se trouver en presence de deux situations. 
A l'obscurite, aussi bien qu'a la lumiere la matiere organique 

est amenee par des courants d'air et planquee sur la pellicule 
d'eau que recouvre la concretion . A des dechets de toutes sortes 
s'ajoutent, a certaines periodes de l'annee et en abondance, des 
elements particulierement favorables au developpement des ger
mes, pollens, spores dont peu, compte tenu du milieu evolueront; 
quelles que soient la situation et la saison, une profusion de 
bacteries les accompagne, on en denombre autant que sur un 
sol de culture. Les conditions sont requises: eau, matiere organi
que, bacteries, equilibre ionique du milieu pour qu'une fermenta
tion tres active se developpe. Dans un premier temps apparais
sent des acides organiques neutralises aux depens du support 
calcaire , dans un deuxieme temps le gaz carbonique, terme ultime 
de la degradation, qui dissout le meme support. Comme on le 
voit, le gaz carbonique est loin d'etre le seul responsable. Bien 
entendu, tout dechet accidentellement abandonne subit le meme 
sort, c'est la raison pour laquelle ii vous est conseille de vous 
montrer intransigeant sur le comportement des visiteurs. 

A la lumiere,lumiere du jour qui penetre dans les entrees ou 
lumiere artificielle des installations, les spores de vegetaux cholo
rophyliens, amenees comme precedemment, se developpent; on 
se trouve en presence de taches vertes d'algues et bientot appa
raissent, si on n'y prend garde, mousses et fougeres . lei la corro
sion est plus spectaculaire. Cette vegetation peut vivre aux de
pens du gaz carbonique de l'air grace a sa chlorophylle mais elle 
a pour cela besoin d'elements mineraux qu'elle puise dans la 
concretion en la desorganisant ou en laissant a sa surface des 
traces indelebiles. En outre, les debris vegetaux qui en resultent 
necessairement fermentent et subissent le sort des apports orga
niques recontres dans les milieux obscurs. lei l'action est double 
et beaucoup plus rapide, c'est pour cela que nous avons toujours 
insiste sur !'elimination de la vegetation chlorophyllienne. 

Revenons aux milieux obscurs. Lorsqu'on piege la matiere 
organique qui circule dans une grotte, on s'apen;oit qu'il n'existe 
pratiquement pas de galerie vierge d'apports mais que, par 
contre, on peut rencontrer des surfaces receptrices privilegiees 
qu'il taut, a defaut d'observation precise, pouvoir localiser a priori. 
Extremement rares sont les grottes a une seule ouverture car 
une simple fissuration de la roche peut permettre une circulation 
d'air; on se trouve frequemment en presence d'un systeme a 
deux ou plusieurs ouvertures et la localisation des depots organi
ques en depend. L'air d'une grotte est a temperature constante, 
a plus ou mains quelques degres pres, en toute saison, alors 

que celui de l'exterieur est plus froid, done plus lourd, en hiver, 
plus chaud, done plus leger, en ete. Ceci cree des courants 
ascendants vers les ouvertures les plus hautes en hiver, descen
dants vers les ouvertures les plus basses en ete, ce qui revient 
a dire que l'air rentre dans fa grotte par le bas en hiver, par le 
haut en ete, plaquant, par voie de consequence, des pousieres 
riches en matiere organique active d'ete sur les parois des ouver
tures hautes, en matiere organique morte d'hiver sur les parois 
des ouvertures basses. On peut tenir un raisonnement analogue 
en ce qui concerne l'hygrometrie car l'air exterieur est plus pauvre 
en humidite absolue en hiver, plus riche en ete que celui de la 
grotte; son passage dans la grotte va done, en hiver, entrainer, 
en meme temps que son rechauffement, un assechement des 
parois en contact, en ete, une abondante condesation due au 
refroidissement, a l'endroit meme qui re9oit la matiere organique. 
La nature es retabli curieusement des zones climatiques dans 
un milieu a temperature et humidite constantes. Les parties bas
ses sont arides et desertiques, on n'y capture qu'accidentellement 
des cavernicoles; les parties hautes sont temperees, tres fertiles 
et les captures y sont plus frequentes. 

Mais ii existe d'autres zones privilegiees, dans des cavernes 
a ouvertures situees a des altitudes differentes (quelques metres 
suffisent) dont les galeries se recoupent. C'est ce que nous avons 
appele des systemes en V; dans ce cas, c'est a la pointe du V 
que se rassemblent condensations et depots sans qu'on puisse 
l'expliquer. 

Les zones hautes et les extremites de V entretiennent une 
fermentation active et par voie de consequence la corrosion des 
supports stalagmitiques et des concretions; ii taut les neutraliser 
en disciplinat les circulations d 'air, c'est ce qui justifie les installa
tions de sas «fonctionnels» aux extremites des galeries amena
gees. Au besoin, la neutralisation periodique, au formal, des activi
tes fermentaires permettra d'eviter leur propagation. II s'agit de 
cas extremes, particulierement dangereux, mais on doit egale
ment prendre en consideration tout depot accidentel de matiere 
organique, tout contact meme humain qui peuvent, a la longue, 
avoir des consequences du meme ordre. 

Nous allons aborder maintenat le point le plus delicat de la 
conservation, la lutte contre la vegetation chlorophyllienne; c'est 
un probleme d'eclairage. Les vegetaux verts, en grotte aussi bien 
qu'a la lumiere du jour, captent, grace a leur chlorophylle, · certai
nes composantes de la lumiere blanche, composantes connues 
par leur couleur (violet, indigo, bleu, vert, jaune, orange, rouge) 
et defines scientifiquement par leur longueur d'onde en nm (nano
metre) et peuvent ainsi, en utilizant l'energie recuperee, faire la 
synthese de composes organiques indispensables a la vie. Mais 
ils ne captent pas taus les memes radiations. En ce qui nous 
concerne, les mousses, les fougeres et les algues vertes utilisent 
le violet-bleu, puis le rouge, les algues bleues l'orange-rouge (Les 
algues rouges n'interviennent pas en grotte). Ci-dessous, indi
quees par des fleches sur une echelle graduee en nanometres 
les principales longueurs d'onde captees. Ces fleches correspon
dent a des maxima mais !'absorption se fait selon des bandes 
plus ou mains etalees, entre 430 et 453 nm, autour de 600 nm, 
entre 643 et 700 nm; la zone vraiment dangereuse est celle qui 
se situe entre 643 et 700 nm. 
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Notons egalement que la chaleur degagee par la source de 
lumiere active les developpements tout en ternissant les surfaces 
concretionnees. 

II convient done de s'adresser a des systemes d'eclairage qui 
n'emettent pas dans les longueurs d'onde chlorophylliennes et 
que degagent le moins possible de chaleur. Pour le spectre 
d'emission, le probleme est loin d'etre resolu car les fabricants 
essaient, contrairement a ce que nous attendons, de se rappro
cher le plus possible de la lumiere solaire. 

La technologie moderne s'ecarte du systeme a filament incan
descent que nous avons tous connu. Elle fait appel a une dechar
ge electique dans la vapeur de mercure a basse pression; le 
rayonnement ultra-violet obtenue est transforme en rayonnement 
visible au contact de poudres fluorescentes; la couleur obtenue 
depend du choix de la poudre. Le systeme exige un ballast 
stabilisant la decharge mais les modeles existants, tubulaires, 
circulaire, en ampoules ont une longue duree de vie et consom
ment tres peu. Nous avons experimente, dans cette gamme de 
production, le blanc chaud Mazda qui ne s'ecarte pas complete
ment de la lumiere solaire; les resultats vous ont ete communiques 
l'an dernier. Elle fait appel egalement a la decharge haute pres
sion; le rayonnement visible d'un arc electrique est entretenu 
dans un plasma, a haute temperature, de gaz et de vapeurs 
metalliques contenus dans une enceinte isotherme, le br0leur, 
protege par un tube ou une ampoule de verre. Les vapeurs 
metalliques utilisees sont celles du mercure, du sodium, d'un 
melange de sodium, thoriu, irridium. On trouve des systemes a 
ballast ou a branchement direct sur le secteur; l'un d'eux, mono
chromatique, est pratiquement achlorophyllien et les infra-rouges 
tres calorifiques sont reflechis dans le tube a decharge, c'est la 
lampe a vapeur de sodium basse pression de plus en plus utilisee 
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dans l'eclairage des voies publiques; elle detient le record de 
l'efficacite lumineuse, possede un excellent rendement avec une 
faible consommation, une tres longue duree de vie; malgre son 
ballast et son retard a l'allumage, elle convient parfaitement aux 
eclairages permanets. Quant aux lampes dites froides, elles ne 
sont pas necessairement achlorophylliennes mais ont prouve le 
bien fonde de leur appellation dans les devantures de patissiers, 
etc ... 

Nos conceptions, en matiere d'eclairage de grottes amena
gees, se precisent. Les cheminements et les sites qui necessitent 
des eclairages permanents devraien etre equipes de lampes 
achlorophylliennes de type vapeur de sodium basse pression . 
Les concretions et autres curiosites doivent etre equipees de 
lampes dites froides, ou d'un systeme intermittent a allumage 
rapide, intervenat seulement pendant les visites. 

Les fabricants devraient etre consultes plus frequemment sur 
le choix du materiel, compte tenu des imperatifs degages ci
dessus. Mais ii est bien evident qu'aucune installation nouvelle 
ne peut etre mise en place sans qu'au prealable ait ete elimine, 
par un traitement approprie -le probleme a ete maintes fois 
expose devant vous-, la vegetation existante car autrement on 
maintiendrait une corrosion par fermentation. 

Nous avons essaye de vous montrer, dans le peu de temps 
qui nous etait imparti, comment devait etre entrepris l'amenage
ment d'une grotte touristique. De toute evidence, les imperatifs 
esthetiques ne sont pas les seuls a prendre en consideration. 
Dans certaines situations la conservation l'emporte. 

CAUMARTIN Victor 60 rue Delpech- 80000 Amiens. France Tel. 
22 95 36 32 

The Tourist Caves of China 

Zhang Shouyue 
Karst Research Group, Institute of Geology, Academia Sinica 

RESUM 

Ates que /es coves es troben entre els fenomens carstics mes rellevants, en aquest treba/1 hi seran tractats com a elements 
de la naturalesa de gran importancia per al fenomen turistic. 
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La Xina posseeix una extensa varietat de zones carstiques situades en empla9aments molt diferents, tan geologicament com 
c/imatica. La Xina es una de !es zones carstiques classiques de la Terra . Les roques carbonatades cobreixen mes d 'una cinquena 
part def seu terreny i s 'estenen en una superficie que supera els 1.250.000 Km2 

S6n mes de 50 !es coves obertes al public, proveides de senders i d 'i/-luminaci6 electrica. 
A cada cova hi trobareu una 1/ista tabulada amb la seva /ocalitzaci6, nom, longitud o area, carreteres d 'acces iamb els principals 

trets que la conformen en el seu aspecte geologic i espeleologic. 
L 'acondicionament de naves cavitats i una mil/or documentaci6 dels guies son potser dos dels problemes que mes ens interessa 

so/ucionar dins de/ m6n de /es coves turistiques. 

RESUMEN 

Ya que /as cuevas estan entre /os fen6menos karticos mas importantes, en este trabajo seran tratadas coma objetos de la 
Naturaleza de gran importancia para el turismo. 

China posee una variedad de zonas karsticas situadas en loca/idades muy diferentes tanto geo/6gica coma climaticamente. Es 
una de las zonas karsticas c/asicas de/ mundo. Las rocas carbonatadas cubren mas de una quinta parte de/ terreno y se extienden 
en una superficie superior a /os 1.250.000 km2 

Hay mas de 50 cuevas abiertas al pub/ico en China. Provistas de senderos e iluminaci6n electrica. 
La localizaci6n, nombre, longitud, o area, carreteras de acceso, rasgos caracteristicos en el aspectos espe/eo/6gico y geo/6gico, 

se dan en forma de lista tabulada para cada cueva. 
El desarrol/o previsto para las nuevas cavidades y la mejora de las explicaciones de/ guia son /os prob/emas mas importantes 

en el campo de las cuevas turisticas. 

SUMMARY 

Since caves belong among the most important karst phenomena, they will be treated in this paper as objects of nature very 
important for tourism. 

China possesses a variety of karst areas situated within many different geological and climatic setting. It is one of the classical 
karst regions in the world. Carbonate rocks cover over one fifth of the country and crop out over more than 1.250.000 sq. km. 

There are more than 50 caves open to the public in China. They are equipped with trails and electric lights. 
The location, name, length or area, access routes, distinctive features on speleology and geological setting on each cave are 

listed in tabular form. 
The proposed development of new caves and qualitative improvement of the guide 's explanations are the most important 

problems in the field of tourist cave. 

Fig. 1. The show cave locations of China 
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China possesses a veriety of karst areas situated within many 
different geological and climatic setting. It is one of the classical 
karst regions in the world . Carbonate rocks cover over one fifth 
of the country and crop out over more than 1.250.000 sq. km. 

There is a large number of caves, it is believed that they 
amount to tens of thousands of them, but so far, only several 
handred caves have been registered . 

From an economic and practical point of view, karst areas 
are generally poorly suited for agricultural purposes. 

As tourist attractions, however, karst landforms, karst springs 
and speleologic phenomena are areas of exceptional interest. 

Since caves belong to one of the most important karst 
phenomena, they will be treated in this paper as objects of nature 
very important for tourism. 

There are more than 50 caves open to the public in China. 
They are equipped with trails and electric lights. 

County and Province. Length or Area Lighting Guide Provided Access Routes to City Distinctive Features on Speleo- Geological Setting 
Name of Cave logy 

Bernt!, Liaoning Water Cave 3.132 m. electric yes railway underground river Ordovician, Is. 
Fangshan, Beijin Yunshui Cave 570 m. electric yes railway, air route speleothems Sinian, dolo. 
Zhoukoudien (Choukoutien) none yes idem Mammalian and Sinanthropus Ordovician, Is. 

fossils 
Shilo Cave above 2.000 m. electric yes idem speleothems, moon milk Ordovician, Is. and 

dolo. 
Zibo, Shandong Chaoyang Cave 1.300 m. electric yes railway speleothems Ordovician, Is. 
Yiyuan, Shandong unknown electric yes highway idem idem 
Yixing, Jiangsu Shanjuan Cave 410 m. electric yes highway, waterway underground river, 300 m. long Triassic, Is. 
Zhanggong Cave 3.000 sq .m electric yes idem speleothems idem 
Linggu Cave 2.413 sq .m electric yes idem idem idem 
Hangzhou, Zhejiang Yaolin Cave 1.000 m. electric yes railway, air route, and wa- speleothems and underground Carboniferous, Is. 

terway river 
Jiande, Zhejiang Lingqi Caves 550 m. electric yes railway, highway, water- water cave, wind cave and shift, Carboniferous, Is. and 

way 120 m. deep dolo. 
Jinhua, Zhejiang Shuanglong 150 m. electric yes railway underground river Carboniferous, Is. 
Cave 
Binghu Cave electric yes railway shift, 45 m deep, underground idem 

water fall , 15 m high 
Chaozhen Cave 140 m. electric no railway speleothems Permian, Is. 
Huzhou, Zhejiang Huanglong unknown unknown unknown highway, waterway speleothems unknown 
Cave 
Shuitai, Anhui Penglai Cave above 3.000 m. electric yes highway speleothems, underground river Ordovician, Is. 
Jingxin, Anhui Guany in Cave unknown electric yes highway speleothems unknown 
Jiujiang, Jiangxi Yongquan Cave 1.600 m. electric yes railway, waterway underground river Triassic, Is. 
Pengze, Jiangxi Longgong Cave 3.000 m. electric yes highway, waterway underground river, speleothems Cambrian, Is. and 

dolo. 
Lengshuijiang, Hunan Boyue 2.500 m. electric yes railway speleothems, rimstone 1.5-2.0 Carboniferous, Is. 
Cave m. high 
Cili , Hunan Huanglong Cave unknown electric yes railway, highway speleothems unknown 
Zhaoqing, Guangdong Qixing small electric or none yes or no highway, waterway speleothems, underground river Carboniferous, Is. 
Caves 
Lechang, Guangdong Gufo 570 m. electric yes railway speleothems Devonian, Is. 
Cave 
Yingde, Guangdong Baojing 450 m. electric yes railway, waterway speleothems Carboniferous, Is. 
Cave 
Liuzhou, Guangxi Bailian Cave 975 m. electric yes idem cave museum idem 
Dule Cave above 500 m. electric yes idem speleothems idem 
Guilin, Guangxi Qixing Cave 1.700m. electric yes railway, air, route, water- speleothems Devonian, Is. 

way 
Ludi Cave 240 m. electric yes idem idem idem 
Chuanshan Cave 518 m. electric yes idem idem idem 
Nanning, Guangxi Yiling Cave 1.100 m. electric yes idem idem idem 
Xingwen, Sichuan Tianquan above 3.400 m. electric yes highway speleothems, large underground Permian, Is. 
Cave room, largest collapse doline 

176 m. deep and 505 m. in dia-
meter 

Dushan, Guizhou Shenxian Cave 4.965 m. electric yes railway, highway speleothems, underground river Devonian, dolo. 
Guiyang, Guizhou 550 m. electric yes railway, air route speleothems Triassic, Is. 
Anshun, Guizhou Long Cave 550 m. electric yes highway, railway underground river, speleothems idem 
Zhenning, Guizhou Xiniu Cave 407 m. electric yes highway speleothems, underground lake Triassic, dolo. 
Zhijin, Guizhou Daji Cave above 2.600 m. electric yes highway speleothems, gigantic stalagmite Triassic, Is. 

30-40 m. high 
Tongren, Guizhou Jiulong Cave 1.700 m. electric yes highway speleothems, large underground Cambrian, Is. 

room, gigantic stalagmite 20-40 
m. high 

Lunan, Yunnan Zhiyun Cave 310 m. none no highway speleothems Permian, Is. 
Qujing , Yunnan unknown electric yes railway speleothems unknown 
Licheng, Shanxi idem electric yes highway speleothems idem 
Zuoshui, Shanxi Foye Cave idem unknown unknown highway speleothems Ordowician, Is. 
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The location, name, length or area, access routes, distinctive 
features on speleology and geological setting on each cave are 
listed in tabular form. 

The show cave locations of China may be seen in the figure 
1. 

The proposed development of new caves and qualitative 
improvement of the guide's explanations are the most important 
problems in the field of tourist cave. 
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Tskaltubo Cave-the unique monument of the Nature 

V.M. Dzhishkariani 
Vakhushti Institute of Geography 
The Academy of Sciences of the_ Georgian SSR, Tbilisi, USSR 

RESUM 

Aquest treba/1 presenta els resu/tats de /'estudi rea/itzat a la cova de Tskaltubo durant els anys 1984-1985 pels espe/eo/egs de 
l 'lnstitut de Georgia Vakhushti. 

Es varen efectuar estudis espeleomorfologics, mineralogies, geoffsics, microclimatics, hidrologics i hidroqufmics, aixf com una 
topografia a gran esca/a, dins def projecte en curs d'habilitar la cova al turisme i a la investigaci6 cientffica. La cavitat es troba 
be/lament decorada amb formacions ca/caries com helictites, per/es, helicmites, «gours», etc. Els especiaslistes de l'lnstitut Vakhushti 
de Geografia, en co/-laboraci6 amb l'lnstitut de Geo/ogia, Mineria i Mecanica i /es escoles d'Enginyeria Hidrau/ica i Topografica de 
la Universitat estatal de Tbilisi han efectuat /es recomanacions pertinents de cara a /'acondicionament de la cova i rodalies. 

RESUMEN 

Este trabajo presenta Jos resu/tados obtenidos en el estudio de la cueva de Tskaltubo durante 1984-85 por /os espe/e6/ogos 
def lnstituto de Georgia Vakhushti. 

Se efectuaron estudios espeleomorfo/6gicos, minera/6gicos, geoffsicos, microclimaticos, hidrol6gicos e hidroqufmicos, asf como 
una topograffa a gran esca/a dentro def proyecto de habilitar la cueva al turismo y a la investigaci6n cientffica. La cavidad se ha/la 
ricamente decorada con formaciones calcareas como helictitas, per/as, helicmitas, gours, etc. Los especialistas def lnstituto de 
Geogragfa Vakhushti en co/aboraci6n con el lnstituto de Geo/ogfa, Minerfa y Mecanica y las escue/as de lngenierfa Hidrau/ica y 
Topografica de la Universidad Estatal de Tbilisi han efectuado las recomendaciones pertinentes para el acondicionamiento de la 
cueva y sus alrededores. 

SUMMARY 

The results of the Tskaltubo cave study during 1984-1985 by the speleologists of the Vakhushti Institute of Geography are given 
in the paper. 

The spe/eomorpho/ogica/, mineralogical, geophysical, microclimatic, hydrological, hydrogeological and hydrochemical 
investigations as well as the large scale instrumental survey to make up the project for the cave use for tourism and scientific 
observations were carried out. The cave is richly decorated with a variety of calcite formations such as excentric helictites, pearls, 
heligmites, gours, etc, etc. The specialists of the Vakhushti Institute of Geogrphi in collaboration with the Institutes of Geology, 
Mining and mechanics, the Hydraulic Engineering and land Reclamation Tbilisi State University worked out the recommendations 
for arrangement of the cave and its vicinities. 

228 



14125 

Les grottes de Castellana: problemes connexes a l'exploitation touristique et 
influence sur l'economie locale. 

Vicenzo Manghisi 
lnstituto Italiano di Speleologia - Castellana-Grotte. 

RESUM 

Despres d'una ressenya sobre /'exploraci6 de Jes coves i d'una breu descripci6 de la cavitat, l'autor examina els prob/emes 
inherents a la preservaci6 de la integritat de Jes coves de Castellana, deguts al considerable fluxe turfstic que enregistren: manteniment 
d 'infraestructures, enllumenat i proliferaci6 d'a/gues, presencia de visitants i perturbacions microclimatiques, projects de mi/lores i 
so/ucions tecniques per a la protecci6 ambiental. 

A continuaci6, /'autor posa en evidencia l'enorme importancia de /es coves de Castellana per l'economia local: actualment el 
nombre anual de visitants es de /'ordre de 400.000 persones. 

RESUMEN 

Despues de una resefla sobre la exploraci6n y una breve descripci6n de la cavidad, el Autor examina /os prob/emas que 
conciernen a la integridad de las cuevas de Castellana, debidos al considerable f/ujo turfstico: mantenimiento de las infraestructuras, 
alumbramiento y profileraci6n de a/gas, presencia de visitantes y perturbaciones microclimaticas, proyecto de mejoras y soluciones 
tecnicas para la protecci6n ambiental. 

A continuaci6n, se pone en evidencia la enorme importancia de las Cuevas de Castellana para la economfa local: actua/mente 
el numero anual de visitantes a/canza las 400.000 personas. 

RESUME 

Apres un aperr;;u sur la decouverte et une breve description de la cavite, /'Auteur examine Jes problemes qui concernent /'integrite 
des Grottes de Castellana par rapport au considerable flux touristique: entretien des infrastructures, eclairage et proliferation des 
algues, presence de visiteurs et perturbations microclimatiques, projet d'amelioration et solutions techniques pour la protection de /'am
biante. 

Ensuite on met en evidence l 'enorme importance des Grottes de Castellana pour /'economie locale; actuel/ement le nombre 
annuel des visiteurs atteint /es 400.000 personnes. 
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RESUM 
Estudi de la cova de Sof Omar d'Etiopia 

T K;K..v'ua~ /n, 0 e V ~ rJ•N\~vr< I< Ra_i<v:a.:v:): 
T HuHHa,o,3e, B. Hucenes, A HnMML/YH, H. PaHsuawsunu 
AHap,eMvrR HayH CCCP 

Aquest treba/1 esta dedicat als resultats de l'estudi efectuat per espe/eo/egs i carstolegs sovietics a ta cova de Sof Omar 
(Etiopia) els anys 1983-1985. Les expedicions foren fetes a petici6 def govern d'Etiopia i organitzades per /'Acadamia de Ciencies 
de l'URSS. L 'objectiu d 'aquestes expedicions fou la de dur a terme un estudi cientffic comp/et de la mes gran de Jes cavitats de/ 
continent africa de cara a la viabilitat de la seva explotaci6 turfstica. Els espeleolegs sovietics han estudiat Jes caracterfstiques 
geologiques i mineralogiques dels materials aixf com la hidrologia i bioqufmica def riu subterrani Webb, el qua/ ha format un espai6s 
laberint al 1/arg def seu curs. Tambe s'ha dut a terme una topografia geodesica a gran escala de la cavitat i s 'han triat els recorreguts 
subterranis mes aptes pels turistes, incloent aquel/es recomanaciones que han de fer possible la utilitzaci6 correcta de la cavitat i 
roda/ies. 

RESUMEN 
Estudio de la cueva de Sof Omar en Etiopia. 

El trabajo esta dedicado a las resultados def estudio efectuado por espe/e6/ogos y karst6/ogos sovieticos en ta cueva de Sof 
Omar, Etiopfa en 1983-1985. Las expediciones fueron invitadas par el gobierno de Etiopfa y organizadas par la Academia de Ciencias 
de la URSS. La finalidad de las expediciones fue efectuar un estudio cientffico comp/eta de la mayor cavidad africana de cara a 
dar recomendaciones para su utilizaci6n es vistas al turismo. Los espele6/ogos sovieticos han estudiado la geologfa y mineralogfa 
de las materiales, hidrologfa y geoqufmica def rfo subterraneo Webb, que ha formado un espacioso laberinto a lo largo de su curso, 
1/evando a cabo una topograffa geodesica a gran escala de la cavidad, eligiendo /os recorridos subterraneos para las turistas y 
efectuando recomendaciones detalladas para la utilizaci6n de la cavidad y las aledaflos. 
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SUMMARY 
Study of Sof Omar Cave in Ethiopia. 

The paper is devoted to the results of study made by the soviet speleologists and karstologistis in Sot Omar Cave, Ethiopia in 
1983-1985. The expeditions were invited by the government of Ethiopia and organized by the Academy of Sciencies of the USSr. 
The aim of the expeditions was to make thorough scientific study of the largest African cave with a view to give recommendations 
for its use for the purpose of tourism. The soviet speleologists have studied geology and mineralogy of rocks, hydrology and 
geochemistry of the subterranean river Webb, which formed the spacious labyrinth along its course, carried out large scale geodetic 
survey of the cave, marked out subterranean routes for tourists and worked out detailed recommendations for the use of cave and 
the surrounding country. 

ne~epa Co~ UMap, KpynKeAwaR Ha a~plll«IHOKOM KOHTHH8HT8, Haxo

AHTOR B EllllOH npOBHHijKH _84>KOn1111-liane, B 500 KM mr~OOTQqHee/ oT 
I 

AAAIIO-AOe011 H B 140 KII/OOTOqHee roo11, qeHTpa npOBKHijKH (p110. l). 

ne~epa oOpaaoBaHa peKoA BeO, Oepy~eH Haqano B ropax Eane Ha 

BIIIOTaX OBlilll8 4000 M, B l?O KIi OT ne~ep11. AonHHa p. Bao spesana B 

MaTO AO rnyOHHII !30 M, M80TaMH on11011BaR MeaHApll. CKB03L meHKy OA

Horo 113 MeaHAP peKa B11pa00Tana ne~epy, ooTaBHB eyX,!111 qaoTL ouoero 

npeeero pyona. flpOAenaB nOA 38Mn8H nyTL AnHHOH OKOnO POO M, peKa 

BHOBL nORBJIR8TOR H8 noBepXIIOOTL B Y3KOM K8HLOH8. 

ne~epa Co~ 0Map H3A8BH8 H3B80Tll8 M80THOMY 11aoene11H11. OH& no

qHT88TOR KaK OBRT08 M80TO y MyoynLMaH ranna H OpoMO. no npeAQHHE 

ne~epa Olin& KHnH~eM OBRTOrO qenOB8K8 0Mapa II BnooneAOTBHH ero IIIIR 

OT&no H83B8Hll8M A8P8BHII H ne~ep11. OH& II oeAqao onyllllT M80TOM nonoM-

1111qeoTB8 MyoynLM&H. 

DepBOe AOKyM8HT&nLH08 OBIIA8TMLOTBO O ne~epe Co~ 0Map ABHO 

AoH&nLAOOBOM-CMIITOM (189?}. B 1913 11 1938 rr. ne~epy nooeTHnll 

IIT&nLRHq11. noaae B8lUlll8 11ooneAOB8HIIR npoBenH 3A80L OpHT8HOKll8 one

neonor11 SpllK PoOoOH II KpHO KnenxeM, Ha OOHOB8 KOTOPIIX O!lnH onyt1n11-

KOB8HII nonynRpHll8 OpOlllllPII (K. K.llenxeM, a. POOOOH, 1~6?) 11 H&yqll8R 

OT8TLR (S. Poooos, 196?). noone STOro npaj>. T. UOHOA H AOKTOp B. 

UopToH 11ocneAOBan11 ~ayHy B ne~epe (1~?2). EonLmyo paOoTy no 11ayqe

HHll ne~ep11 Cow 0Map II H8KOT0p!IX APYrllX ne~ep SWHOnHH BllnOnHHn8 EpH

T8HOK8R oneneonor11qeoK&R BKOneAHijHR B 19?2 rOAYi OOOTaBneHO nOApoO

HOe Ollll08HH8 ne~ep11, oxap&KT8PH30B8HII BTOp11qH11e ornoaeHHR, H&Meqe

HH ooHOBH!le waa11 p&SBIITHR nonoor11 (19?3). ne~epa Cow OMap ynoM11sa

eToR T8KK8 B HeOonLmoA OT8TL8 B, UopTOHa (19?6), noOBR~811110A one

neonor11qeoK11M OTKPIITHRII B Apyr11x p&AOH8X Sw11on1111, 
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P110. I. Paon0J10lK8Hl18 nell(epbl Coqi UMap. 

Do npooLOe npaBKTenLaTBa sw11onH11, 11aMeTKBmero OnaroyoTpoAoT

BO ne~ep11 Co~ OMap AnR qeneH Typ11aMa, ne~epy ABB&AII (1983 H 1985 

rr.) HOOn8AOBana 8KCn8AHijHR OOB8TOKIIX oneneonoroB, opr&HH30B8HH8R 

AK8A8M118H HayK CCCP. PeaynLT8TII BTIIX 11ocnenoB&HHH II AaETOR KpaTKO 

B HaOTOR~8M AOKn8A8. 

Uop$onorHR ne~ep11 

ne~epa Cll4/ 0Map npeAOTaBnReT ooOoA OIIOT8My KpynHIIX K Man11x 

npoxoAoB, aanoB, ranepeH (p110. 2 - ooo,aBJieH no M&TepHanaw 6p11Ta11-

0Koll _. 19?3 r. H OOB8TOKOA-I~85, oneneonor11qeoKHX SKoneAHqKA), paa

BHTWC oyoropll30HTanLKO, CTepaHeM nemepKoro naOHpllKTa RBJIR8TOR Peq

HOH npoxoA, no KOTOPOMy B H80TOR~ee BpeMR npOT8KaeT, no oO~eMy 11an

p&BJ18HHE C3 - DB, p. Beo. Peq110A npOXOA npeAOTaBnReT coOoA KpynKyE 

ranepeE WHPIIKOAVH BepTIIK&nLIIIIMH OT8H8MH BIIOOTOA I0-50 M, B BepxseA 

qaoTII (no OTHOW8HKE K Teqe11110 peKH) ne~epu K Peq110My npOXOAY npH

MIIK8ET Kpy111111e ranepe11. CneBa paononoae11a o~oTeMa AAo Maso, oOpaayR 

00m11p11oe npooTp&HOTBO O KOJIOIIH8MII, Cnp&B8 K Peq110My npoXOAY noA pa 3-

HIIMH yrneMH BIIXOAKT TaKae Kpyn1111e ranepeH. HKae no Teqe1111E peKH 

B08 XOAII BIIKnHIIKBaETOR Ha Peq110A npOXOA II ero BneqarnREllllUI npHMOnK-

11eA1111A yqaOTOK AnHIIOA OKDnO 250 M (Ca~pll CTp&AT) B8A8T K OP8All8A 

qQQTH ne~epu, B K011ij8 oOpaayR orpOMIIIIII Kynon BIIOOTOA 50 MeTpOB OT 

pyona peKH, 8AeOL npHMep110 napannenLHO PeqHoMy npoxoAY npoisr11Ba

ETOR AB8 KPYRH118 ranepe11, UonoOHA811 H PellnBeH, RBnRE~80R OT8PIIMII 

pyonaMH peKH. B M80T8 npHMIIKaHHR K Peq110My npoXOAY OHH oOpaayET 

orpoMBIIII H npeKpaCHIIII 11apXHT8KTyp1111A" 8H08MOJ!L, 11aa11BaeM11h aanoM 

KonoHK, 

Eme HHae no Teqe11uo, BAOnL neBOII OTOPOIIII Peq11oro npoXOAa TR-

118TOR 00B&nLll8R ao11a, oOp830B8HHaR orpOMHIIM npoBanoM (WeAKxonn) B 

noTonKe Kpy1111oro aana. EonLmue rnuou OaaanLTa H 11aBeoTIIRKa OnoKK

pyoT Boe npoxoA11 no nepHMerpy lllellKXonna II aarpoMOIK·. -ABET pyono 

peKB, oOpasyR EonLmHe noporB, 
B BH&KeH qaoTH ne~epu BNA8nR8TOR onOllllllll naOHpHIIT - Xony1«1 

0 OonLmlUIII ranepeRllll ~nllHTOTOYH, UyABenn, rpeAT Xonn, 8 onpaBa 

OT peqHoro npoxoAa paononaraeTOR 0110TeMa KnenxeMa, Boe 01111 op11e11-

THpOB&H11 B qenoM nonepe'll!O K peKe II C08AHll8HII MlloroquoneHIIIIMH ra

nepeRIIII II XOA8MH, BOnHSH rpellT Xonna peKe BWCOAHT H8 noBepxllOOTL 

II npOT81«18T no K811LOIIY O B8pTHKllnLIIOII OT8110A oneBa,11ay011nyo~ell 

&IIBOnHOIIIIMH 11 0Kll8MH 11 118 OAHOII ypoBHe. Kpy111111e ranepeH II aanu OHO

T8MII Knenxeua op11e11Tup0Ba1111 B qenow napannenL110 peq110My npoxoAY 11 

11a11Losy, BAOnL Kpyn11oro paanoMa, Hx wopwonor11R 011nLHO oonoa11eHa 

rn1100BWIII oOB&nLIIWIII HaKOM8HHRIIH, 

CyMM&pHaR AnH118 Boex XOAOB ne~ep11 CO\I> 0Map OOOTaBnReT 15,5 

KM, Osa ,'8BnR8TOR AnHH&llllel l«IPOTOBOA ne~epoA A~pHK8110KOro KOHTH- _ 

H8HTa.~OO~A oO~eM ne~ep110A OHOT8MII, llOAOqHT811118R OpHellTHpOBQqHo, 

npeBIIJll88T l Mn11.M8 , qeM 0118 BXOAHT B paspRA Hpyn11eAmHX nonoorell B 

11upoBOM M&omraoe. 

CneAYeT OTM8THTL TaKae 11eo011q110 Oonmoe KOn11qeoTBO BXOAOB y 

ne~epu Cow 0Map, HX 42, 

P&811Hij8 BIICOT no Pe'lllOMy npoXOAY OT AIIE UaKO AO XonyKH OKono 

ISM, AMllllHTYAa ne~epu, T,8, paa1111qa BIIOOT M8&AY Kp&AIIHMH BepxHell 

H HHllll8A TQqHaMH ne~ep11 OOOT8BJIR8T 60 M, 
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~opwa nonepeqHblJC oeqeHKA XOAOB ne~epK OTP81188T WP88THqeoKHK 

H noonep,ym11111e B8A03HK8 yonOBHH WDPMHPOB8HHH H KOHTponHpyeTOH OTPYK

TypHO-nHTOnorHqeoHHMH H rHAPOAHH8MHqeoKJ411H dlaHTOp8MH, B mopMHpOB8-

HIUI H8KOTOPWC XOAOB H 38nOB, 00068HHO KpynHKX, 6onomym pono Hrpa

ET IIJIOOKOOTH H811Jl8CTOB8HHH, HOTOPHMH noAqepKHYT npHUoyronoHKA 06-

n11H nonepeqHKX ceqeHKA (PeqHoA npoxoA, HeHOTOpKe yqaoTHII aana Ko

noHH, ~nHHOTOYH HAP,), ~opua PHA8 HaHanoB, 0¢opw11pOB8HHblX OOHOB

HHM noTOKOM peKH H HHHe OOTaBneHHKX BOAOA, 6nH3H8 H ropHBOHTanoHO 

OpHeHTHPOB8HHOMy OBany (PeAnBeA, Wonoc11AeA HAP,), WopwonorHH no

A8BnHE~8E 6on&mHHOTB8 XOAOB OP8AHIIX H wanKX paswepOB, o6pa3YEIIIIIX 

na6HpHHTK B OP8AH8A II HIIJlll8A qaoTHX ne~epw, onpeAenHeTOH BepTHHIIJ!l,

HHMH T8HTOHHqeoKHMII TpeQIIIHaMH, HannaoTOB8HH8 11 B 8THX cnyqaax 

OH88KB88TOH HQ ~opwe, BMeOTe O n11Tonor11qeoHKMH OBOAOTB8MII nopOA 

onpeA8JIRR A8T8nll oeyn&nTypK. 8anoaeHH8 XOAOB HOHTpon11pyeTOR T8HTO

HHqeoHHMH TP811111H8MH npeo6naA8EIIIIIX OHOTeM 20-200° 11 TI0-290°. B 

HH&HeA qaoTH ne~epK OT8HOBHTOR B8KHHM T8Hllt8 HanpaBneHHH 80-260°. 

Eon&mHHOTBO H8POBHOOTeA nonepeqHoro oeqeHHR XOAOB, npeAOT8B

nREIIIIIX HaH-6K H8KOK8HHKe oeynonrypHK8 yKpaweHHR, 008A8HK B pe3yn&

T8T8 HepaBHOMepHoro KOppos11oaHo-app3HOHHOro B08A8AOTBHR ABUY~8AOH 

BOAK Ha onOHOTKe H3B80TRRHH, IapaHTepRHMH RBnRETOH B8pTHH8noHO 

OPll8HTHpOB8HHK8 yrny6neHllR B CT8R8X, 06paaym11111e 6eonpepKBHK8 PRAK 

H OWOPMHpOB8HHK8 H8 OAHOM HnH H80HOnoHHX YPOBHHX no MHOroqHoneHHllll 

nHTOr8H8THqeoHIIM BRYTPIIIIJIQOTOBHM Tpe11111u1w. 

B HHlllleA qaoTH ne~epuoA CHOT8MK qaoTO BOTpeqamTOR 8BOP8110HHK8 

HOTnK-M8PIIJITK, rny611uoA I-I,5 w, HROrAa AOOTHraa B nonepeqRHH8 

2-3 M, Iloqru nOB08M80TRO Ha OT8R8X ne~epK OOT8Bn8HK X8P8KT8PHK8 

Re6onomHe yrny6neRHH, o6pasOB8HHK8 norOHQMH BOAK, 

P83JIHq!We 8p03HOHHKe ~OPMK o6p83YETOR B aanonHHT8Jle ne~ep: 

rnHH8, neoHe, oqeweHTHPOBQHHOA ran&H8, 0o068HHO BneqaTnREIIIII H8Ho0-

HK, o6paaOB8HHK8 B peaynoT8T8 8P08HORHOro pa3MKB8 nepllOAHqeoHl!MH 

nOTOH8MH B ranepeax OHOTeMK Knenxewa. OHH AOOTHr8ET 3-4 w B mHpH

Hy H rny611Hy. 

B qenow, MOpcllonor11H 6on&WIIROTB8 npOXOAOB H aanoB OBIIA8T8Ro0'1'

BYET 06 HX wopMHpOB8RIUI BO ~peaT11qeOHHX yonOBIIRX O noonep,ym~ ua

noaeHHWI B8A08RWI B03A8AOTBH8M, 

reOJlorReOKHe YOROBHH 

reonoruqeoKoe orpoeHHe Tepp11rop11H ne~epK AOBonauo npooroe, 

AYKA 

--- UtlHO' 

~~:~w·;f &mi, 

••-o /g-,6KO' 

m:l,g /11-✓0I/ . .,, 
,..- """' /j'trHtl 

XOTR H OB080dpaanoe. Ha AOKeM6p11A0KOM KpHOT8JIJIHqeoKOM OOHOB8HHH 

aaneramT ooaAoqRKe nopoAH noaAHenaneoaoAoKoro II pauueuenoBoro 

B03p80T8, Ha HIIX paononoaeua T,R, AHTanoOHQR H8B80THHKOB8R ~opwa

q11R, UHa nepeHpKTa noKpoBoM ~838noTOB HeoreH-qeTBepT11quoro Boapao

Ta, AonllROA p. Be6 BOKpKTK 81H 6aaan&TK, MOIIIHOOTb ROTOPKX 3A80b 

OHono 20 M, 8 T8Hae BepXHRR qaoT& AHTBRoOHOA ~opwaq1111, np8AOT8Bn8R

HOA OBepxy BRH8 neoqaRHHH8MH, TOnOTOOROIIOTHMH neoqaRHOTHMII H3B80'1'

HHH8MH, rnHRIIOTWIH onaRqaMH II H8B80TRRH8MII, 

B reonor11qeoKOM paapeae OHpeOTHOA Tepp11Topa11, 00CT8.BJl8RROM 

H8MII, BKPHOOBKBQETOH R8HOTOpH8 0Tp88HH IIOTOPIIH 88 reonor11qe0Horo 

p88BHTHH, xapaHTepaayeMKe paaHOA OT8H8HOO AOROMHTHaaq1111 H3B80TRR

HOB, IIX p83HOA neoqaRHTOOToE II OOA8Pll8RlleM IIOHonaewoA WSYRK, 118Me

HeHHeM OTpyHrypHO-T8HOTYPRKX OBOAOTB Hap60H8THKX nopOA II T,A, B 

~epXHeA qaoTH paapeaa, B HOHTBRTHOA O 6aaanoTOBWl~noHpOBOM 30H8 

T&Hae OTqernHBO H86REA88TOR nooTeneHHOe 113M8H8HH8 OT8fi8HH M8T8MOp

¢11aaqH11 118B80THHHOB, 0TMeqeHHK8 paan11qHR BM80T8 I xopomo BKpaaeH

HOII ono11orooToE II TP8UUIH0B8TOOTbE 008A8ET yonoBHR ARR o6p830B8HHR 

B ne~epe paauoo6paaHKX KOJIOKH, yxpameHl!wc w11rypHWIH OOHOBBHHHMII 11 

H8fillT8RoRMH, nonOH, Teppao II T,A, BM81118EUUl8 ne~epy 118B80THRHH B 

OOHOBHOM nonllTOMOPWHOA OTPYKTYPK, qacro O BK/1Eq8RHIIIIH POM608APOB 

AOROMIIT8 II ~parM8HTOB oneneTOB MIIHpO-WQYHK, Wo1111100To O!A8JloRKX 

onoeB HOJ1e6neroa B npeAenax 2-5 w. HaBeO!RRHII 6enoro, oeporo II po

soBoro qBeTa, nnoTHK8, ona6o nOAB8PK8HHY8 BKB8TPIIB8RHm BRJTPII no

nOOTII, 

TeHTOHHKa paAoua onoHoAHaR, nopoAK aaneramT noqTH rop11aoRTano

Ho. TeHTOHHqeoKH8 TP8IIIIIHK npOHH3KB8ET OAHH MK H80HORbKO onoeB, 

peae - BOE TORJIIY, 

r118ponorHqeoK11e yonoBHR 

CoBp8M8HH8R rllAPDnor11qeoH8R OIITyaqllR B ne~epe Caw Uwap non
HOCTo~ onp8A8RH8TOH HJIHM8TllqeoHKMII OC068HHOOTRMH paAoHa: 0830H Ma
nax AO•Aell npOAORll88TOH O HOHqa M8pTa no IIEHo, 0830H 6onomHX AOK

A8A - 0 HOHqa 8BryOT8 AO Haqana HOH6pR, Bd1ften8pHOAH YP0B8Ho p. 

Be6 OMoHO noHHaaeTOR H B ne~epe nORBnRETOR mHpOHHe raneqaKe 6epera 

H dpOAH T'Ry611110l1 AO I M, C aaqanow AO•Aell YPOB8Ro BOAK B peHe pea

HO nOBHW88TCR,IIHOrA8 AO 7 11,MOHQ aanonHR8T 60KOBK8 XOAK H npunera

EUUl8 aanK, 

Tewneparypa BOAK p. Be6 B ne~epe KOnedneToR B npeAenax 20,0 -
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- 23 10° ( waA, I983r,; wap!r-anpenL 1985 r), MaaepanaaaqHH BO/Ui 

nnaBHO 1111paoT98T BHH3 no TeqeHHD OT 300,8 HAO 375,7 wr/n. 

MHKpOKRHMQ!r 

TewnepaTypa BD3AYxa B ne~epe Cow Owap nDABepaeaa oyToqawi 

KOJ18Cl9HH8M B npeAenax 20,0-23,6°. Ee 38BHOHIIOOTL OT HapyooA TeM

nepaTypH BOapaoTaeT B XonyKe, rAe HMeDTOH MHOroqaoneHHHe BXOIU,I 

paaHOA 8HOn03HqHH, HaClnmAQeTOH HeKOTOpoe nOBblllleHKe TeMnepaTypH 

B03AYX9 B MeOT8X OKOMeHHll OBeaero ryaao. B p83HHX yqaoTK8X no

ROOTH pasnHq!WX HHTeHOIIBHOOTL BOSAYJIIHOA qHpKynHqHH, B03AYX ne~epH 

xapaKTepeayeTOH HH3KOA OTHOOHT8RLHOA BJl9&HOOTLD H nOBblllleHHWI OOAep

aaHHeM yrneKHonoro raaa, qTo TOK&e CBH39HO O OKKORHTenLHWIH npo

qeooaMH B H8KOMeHHHX ryaao. 

BTOpHqffye OTnO&eHHH 

B ne~epe Cow Owap ClonLmoe paonpooTpaaeaae HMemT BDAHHe wexa

HHeoKHe OTR0&8HHH, CoBpeMeHHaH xopomo OK9T9HH9H ranLKa ClaaanLTa 

oClpaaoBanaoL B peaynLTaTe paBMHBa APeBHHX KoarnowepaToB B ne~epe. 

Bo MHOrHX MeOT8X HlleDTOH neoqaH~He H9HOOH, OOOTOH~e npeawy~eOT

BeHHO H3 wenKHX oClnOMKOB H3BeOTHHK8, aepeK, PYAHHX H HepyAHHX MH

HepanoB. lleoqaawe oTnoaeHHH ne~epw Caw Owap xopomo orpaaamT MHHe

panoreqeoKHA OOOT8B nopOA B Claooel!He p. Beel. Ile~epa HBnHeTOH noBym

KOA H HOKOnHTenew TH&enHX H 8KqeooopHHX MHHepanoB. 

B HeKOTOPHX ranepeHX (MyAJenn B OHOTeMe XonyKa, lin&HHA BClnH3H 

aana KonoHB) paaBHTH MOIIUIHe OTnO&eHHH rnHIW, 8 B 30H8X BpeweHBHX 

88TOMeHHA oClpaaoBaHa rnHHHOTBH KOpKa, npH paooHXaHHH paoTpeoKHBam

~aHOH Ha llOJIHroaanLHHe ClnoKH (MHKporaKHpH). 

B ne~epe BOTpeqamTOH APeBeOHHe HBHOOH B BHAe KpynHHX APeBeo

HHX CTBOnOB _qacTO 38KRIIH8HHblX nonepeK npOXOAOB HB pa3HHX ypOBHHX 

BMOTb AO C8MblX SblCOKHX. 

I'pBBHTBgHOHHH8 OTROll8HHR Ta~e WHpOKO pacnpocTp8H8Hbl B ne~epe. 

l{pyratbl8 rn1,1Cl1,1 H3B8CTHRKOB necqaHHKOB H 6aaanbTOB llpOBBnbHO-rpaBH

TaL\HOHHOrO npOHCXOJl(,l\8HHll ClnOKHpYJlT MHOrlle ranepeH HB nepH~epHH ne

~epHOII CHCT8Mbl.0rpow~blll npoean llieHK~onn HB noBepxHOCTH,tHKCHpyeTCH 

B ne~epe cepHell KpymtHX rn1,160Bux: saBanoo.06wapttble cKonneHHR oCleanb

Ho-rpaBHTaL\HOHHoro rn1,160Boro MBTepaana IIJ.18DTCH B CHCT8M8 Anm-MaKO, 

B soHe sana KanottH,B palloHe Bonbmoro Kynona, B cacTer:.ax Xonyaa H 

KnenxeMa. TepMo-rpaBHTaL\HOHHHe OTR0ll8HHR npeACTBBR8Hl,I MenKHJ.lH 06noi1-

KBMH BM8~81XJ\8ll nopOAff,q&11e Bcero B BKA8 qewyllqaTblX OTcnoeHHII. 

XeMoreHHble OTR0ll8HHR B CBH3H 6pOHHpOB8HHOCTbD H3B8CTHHKOB 6a

SBnbTBMH H OTCYTCTBHH BepTHKBnbBOn qHpKyn/11,\HH nOAS8MHHX BOA B8CbM8 

P8AKHIB ranepee Pi!MCTOytt p83BHTbl l'ypbl , o6Hapy:,;eHH T8Kll8 HHT8BffAHbl8 

rll!ICOB!,18 KpHCTannH - BHTOAHTbl, o6pasyxxqH8CH B pesynbTBT8 BbllCOAB 

nopOBbll( BOA HS nopOAH B ycnOBHRX 83pal\HH, 

0prBHOl'8HHb18 OTROll8HHR np8ACT8BH8HH ryatto, o6pasyxxqKM SHaqa

T8nbHH8 CKOM8HHR B Haqane ranepeH Ca4'apH, B sane KonoHH, B I'pellT 

~onne B sane AcTpOAOM H B H8KOTOpLIX H860nbWKX npOXOABX. 

i!inopa H «>aYHa 

B ne~epe Co4i OMap BCTpeqamTCH, XOTR P8AKO . 6ecqseTHbl8 rpH6bl H 

KpOXOTH!,18 q88TH,H3 nocTOHHHHX o6HT8Tenell ne~epbl cneAY8T OTM8THTb 

PYKOKpWWX. 3Aecb llHBYT qenHe KOHOHHH neTyqHx Mbllll8ll, cpeAH KOTOpbllC 

OTMeqea1,1 9 BKAOB. BcTpeqamTCH T8Kll8 nayaoo6pasHHe,KysHeqHKH,llYKH 

HBC8KOMH8,BH8C8HHbl8 B ne~epy BO,D,Hl,IM noTOKOM, no peKe B ne~epy san

nKBBDT pbl6b1, 

HBMH IIHCTpyM8HTanbHO SBKBpTHpOBBHH npeAUOnarae1o11,1e nOAS81.!Hl,18 H 

noBepxHOCTHl,18 TypHCTCKH8 TpBCCbl B MBCWTa6e COOTB8TCTB8HHO I : 200 H 

I:IOOO. 
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Skocjanske Jame expose des motifs pous l'enregistrement dans la liste du 
patrimoine mondiale (UNESCO) 

RESUM 

France Habe 
Albin Oebevec 

La comisi6 per a la protecci6 de/ carst i Jes cavitats habilitades de /'U.I.S. ja havia posat una especial atenci6, en els congressos 
de Sheffield i Bowling Green, a Jes Coves de Skocjan, molt conegudes arreu de/ m6n i que tenen, des de/ punt de vista geologic, 
morfologic, hidro/ogic, climatologic, f/orfstic i arqueologic, un interes indiscutible. 

Aquest treba/1 ens mostra, a grans trets, totes Jes seves caracterfstiques i l'esforc/ d 'autoritats administratives i polftiques, aixf 
com de Jes organitzacions cientffiques, espeleo/ogiques i turfstiques perque aquesta cova sigui inscrita a la 1/ista de/ Patrimoni 
Mundial. De la mateixa manera, la Comissi6 fa una crida al Congres Internacional d 'Espeleologia de Barcelona perque s 'adhereixi 
a aquesta proposta en Jes seves conclusions finals, ja que aquesta decisi6 fara que es dediqui una major atenci6 a la depuraci6 
de/ riu Reka-Timavo. 

RESUMEN 
La Comisi6n para la protecci6n de/ karst y las cavidades acondicionadas de la UIS ya habfa prestado una especial atenci6n 

en /os cogresos de Sheffield y Bowling Green a las Cuevas de Skocjan. Son conocidos mundia/mente e incomparables desde el 
punto de vista geol6gico, morfo/6gico, hidrol6gico, climatol6gico y florfstico y arqueol6gico. 

Este comunicado muestra en rasgos genera/es todas las caracterfsticas y el esfuerzo de las autoridades administrativas y 
polfticas, asf como de las organizaciones cientfficas, espeleo/6gicas y turfsticas para que esta cueva sea inscrita en la /ista de/ 
Patrimonio mundial. Al mismo tiempo, la Comisi6n ape/a al Congreso Internacional de Espe/eo/ogfa de Barcelona, para que mantenga 
esta propuesta en sus conc/usiones finales ya que esta decision estimulara las atenciones particulares para la purificaci6n de/ rio Reka
Timavo. 

RESUME 
La Commission pour la protection du karst et pour Jes grottes amenagees de/ /VIS avait deja aux congres de Sheffield et 

Bowling Green consacre un soin particu/ier aux Grottes de Skocjan, bien connues dans le mode, lesquelles son dans le point 
gelogique, morhologique, hydrologique, climatologique et floristique et archeo/ogique aussi sans comparaison. 

La communication montre dans Jes traits generaux toutes Jes caracteristiques et /'effort des autorites administratives et politiques, 
bien que des organisations scientifiques, speleologiques et tburistiques pour l'enregistrement de cette grotte dans la liste du 
patrimoine mondia/. En meme temps la Comission fait appel au Congres international de speleologie de Barcelone de soutenir cette 
proposition dans ses conclusions finales car cette decision fera naftre Jes soins particu/iers pour la purification de la riviere Reka-Timavo. 

Les Grottes de Skocjan , 1,5 km longues et 200 m profondes, 
presentent le plus grand phenomene naturel du Kirst classique 
lequel est devenu celebre par les premieres descriptions, ainsi 
donnant lieu aux nombreux termes professionels internationaux. 
De cette region origine le terme professionel Kras (Karst en all
mand, Carso en italien) pour les phenomenes qui etaient decri ts 
pour la premiere fois dans la region autour de Trieste. Cet objet 
interessant sera montre a la fin de la communication par quelques 
diapositives. 

Skocjanske jame, comme le phenomene mondial karstique, 
etaient toujours le souci de la Commission pour la protection du 
karst aupres de l'UIS laquelle a accentue l'importante de ces 
grottes dans les conclusions des Congres en Sheffield en 1977 
et en Bowling Green en 1981. Au 160-anniversaire du development 

de l'amenagament des grotes, sur !'initiative de l'UIS, etait organi
se le Symposium sur la protection du karst demontrant de nou
veau que le Karst classique et les Skocjanske jame presentent 
un phenomenes dans la cadre mondial qui a donne !'initiative au 
developpement de la science speleologique. Comme monument 
naturel et culture! Skocjanske jame sont tellement importantes 
qu 'il faut les proteger et le plus tot possible achever la ceremonie 
pour l'enregistrement dans la lisle du patrimoine mondiale aupres 
de l'UNESCO. 

Au point de vue morphologique la region de 20 ha protegees, 
s'etendant entre l'entree dans les grottes avec le canyon superfi
ciel de Gornje Vreme, pont naturel entre Velika et Mala dolina 
jusqu 'au canyon souterrain avec les murs verticaux de plus de 
100 m, presente un vrai phenomene speleologique mondial. 
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Au point de vue hydrologique la riviere Reka presente le seul 
cours superficiel dans le Karst classique. Le probleme de pollution 
de cette riviere regarde trois communes ou s'ecoule Reka. Dans 
les dernieres annees la collaboration entre les institutions profes
sionelles pour l'assainissement de l'eau a ete organise. 

Au point de vue climatique les Skocjanske jame sont un singu
larite a cause de sa structure morphologique. Pendant l'hiver la 
grotte se refroidit a cause de sa forme convecte. L'eau dans la 
grotte est plus chaude alors le bruyard apparait. Dans les grandes 
dolines d 'effondrement !'inversion climatique apparait donnant 
lieu a circulation d 'air specifique. 

Meme la vie souterraine dans les grottes et dans les dolines 
d 'effondrement presente une specialite botanique. Nos botanistes 
ont constate que a cause de zonalite verticale dans la region de 
Skocjanske jame ii y a 250 plantes phanerogames et 25 cryproga
mes. On y trouve les representants de la flore autochtone ilyrienne, 
mediterraneenne, panonienne et baltique. On y trouve aussi dels 
relictes glaciales characteristiques, comme par example Primula 
auricula. 

Skocjanske jame sont interessantes aussi au point de vue 
archeo/ogique car ii y a plusieurs necropoles prehistoriques. Skoc
jan avec le karst de Divaca presente un vrai paradis pour les 
trouvailles prehistoriques. Dans le systeme souterrain de Skoc
janske jame sont les plus importantes les grottes Tominceva jama 
et Roska spilja. Dans Tominceva jama succedent les strata cultu
relles du Moyen Age, l'antiquite l'age de fer et de bronze jusqu 'au 
eneolitique. Ainsi la grotte est la plus grande site prehistorique 
du Karst. 

De tout ce qu 'on a dit ii est evident que !' importance de 
Skocjanske jame est tres variee: scientifique , recherche, pedago
gique, pour les etudes, demonstrative, culturelle et recreative. 
C'est aussi reflete dans les mots que le bien connu speleologue 
franc;;ais Norbert Casteret a ecrit dans l'album: «Dans la Grotte 
de Postojna on y voit tou ce que le coeur desire, tandis que les 
grottes de Skocjan n'ont pas de comparaison dans le monde.» 

Toutes ces qualites d 'objectes souterrains etaient connues 
depuis l'antiquite sous le nom Timavus. L'interet extraordinaire 
pour les Skocjanske jame etair provoque par !'exploration du 
speleologue de Vienne Adolf Schimdil. La vraie importance les 
grottes ont obtenu dans les oeuvres celebres sur le Karst. En 
1894 E.A. Martel dans Les Abimes et le speleologue de Vienne 
Franz Kraus dans Hohlen Kunde out prouve que la nouvelle bran
che scientifique - speleologie - etait nee en etudiant les pheno
menes karstiques sur le Karst classique. 

Les grands efforts pour l'amenagement de ce monde soute-
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rrain singulier son refletes dans les efforts des generations ou, 
a part de nombreux speleologues, les habitants de de region , 
courageux et intrepides, de Skocjanke jame penvent etre divisees 
en cinq periodes. La plus vieille est presentee par la construction 
de la premiere voie turistique ont grands merites. Les 160 annees 
de l'amenagement touristique dans Velika dolina a la suggestion 
de conseiller a la diete Tominc de Sefana en 1823. La deuxieme 
periode commence en 1850 avec !'exploration de la Reka soute
rraine , organisee par le speleologue de Vienne A. Schmidl et I. 
Rudolf avec les mineurs d 'ldrija. lls ont decouvert la Salle de 
Schmidl , Grotte de Tominc et Mahorcic et ils ont traverse par le 
bateau de Velika dolina jusqu 'au «Port de canots» au commence
ment de la galerie de Rudolf. 

La troisiene periode arrive 33 ans plus tard quand on a fonde 
a Trieste la premiere section speleologique «K0stenland». Les 
trois pionniers courageux - A. Hanke, J. Marinitsch et F. MOiier 
- avec l'aide des habitants du village ont explore entre 1884 et 
1892 la riviere souterraine jusqu'au sifon dans le Lac mort. La 
Section a rec;;u les grottes et a commence d 'amenager les voies 
touristiques jusqu'au canal de Hanke. En 1904 les indigenes ont 
decouvert 60 m au-dessus le Lac de MOiier les Cavernes silencieu
ses bien decorees. 

La quatrieme periode du developpement touristique tombe 
dans le temps quand le Karst classique appartenait a l'ltalie. 
Societa Alpina delle Giulie dirigeait les grottes jusqu'au 1945. En 
1933 on a construit 90 m long tunnel artificiel lequel conduit le 
touriste de la doline d 'effondrement Globocak jusqu'au Paradis 
bien decore. Pour la continuation de la voie a travers le canyon 
avec la riviere bourdonnante au-dessous, on a construit le fameux 
pont de Hanke 40 m au-dessus de l'eau et on a creuse dans le 
mur la voie jusqu 'a la salle de Schmidl toujours a cette altitude. 
Cette voie vertigineuse etait decrite dans l'oeuvre Hohlenkunde 
par le secretaire generale de l'UIS Hubert Trimmel comme «les 
routes audacieuses au-dessus la fleuve bourdonnante» (1968, 
253). 

La cinquieme periode tombre dans le temps apres la deuxieme 
guerre mondiale quand les grottes appartenaient a Yougoslavie. 
Avec !'electrification en 1959 le souterrain immense de Skocjan 
recevait sa vraie valeur en montrant les beautes inattendues. On 
a refait les routes et organise le service de guides. 

A la base de tou ce qu'on a dit nous puvons constater que 
le systeme des Grottes de Skocjan et ses environs presentent 
un phenomene kasrtique unique dans le monde, et ainsi l'idee 
de classifier les grottes dans la liste du patrimoine mondiale 
aupres de l'UNESCO est tout a fait competente. 

Le rapport de la Commission pour la protection du Karst et les grottes amenagees 

RESUM 

Dr. France Habe. 
Oepartement de la protection, Commission pour la protection et 
/'exploitation et le tourisme. 

Aquesta comunicaci6 compren /'informe de/ treba/1 de la Comissi6 des de/ 8.e Congres, facilitant el resum per a la protecci6 
de/ m6n ca.rs tic, epigeu i hipogeu, basat en tot el que s 'ha escrit al respecte i els trebal/s personals. Malgrat els precs, la Comissi6 
no ha rebut informes sabre Jes mesures preses per a la protecci6 de/ medi ambient de/s pai'sos membres de l'U./.S. 

Amb els propis mitjans i la co/·/aboraci6 de/ Secretariat de /'U.I.S. la Comissi6 ha organitzat els simposiums internationals per 
a la protecci6 de/ carst i de Jes cavitats subterra.nies, a Postojna el 1981 i la Lipica el 1983. 

Des de/ Congres Internacional d 'Olomouc (CSSS) es cataloguen tots els informes referents a Jes coves habilitades que hi ha 
en tot el m6n. 

RESUMEN 
La comunicaci6n comprende el informe de/ trabajo de la Comisi6n desde el 8. ° Congreso, facilitando el resumen para la 

protecci6n de/ mundo karstico, epigeo e hipogeo, basado sabre la literatura y el trabajo personal. A pesar de las ruegos, la Comisi6n 
no ha recibido informes sabre las condiciones de la protecci6n de/ media ambiente en las paises miembros de la UIS. 
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Con sus medias y la co/aboraci6n def Secretariado de la UIS, la Comisi6n ha organizado las simposiums internacionales para 
la protecci6n def karst y las cavidades, en Postojna el 1981 yen Lipica el 1983. 

Desde el Congreso Internacional de O/omouc (CSSS) se catalogan las informes sabre las nuevas cuevas acondicionadas en el 
mundo. 

RESUME 

La communication comprend le rapport du travail de la Commission depuis le Be Congres, en donnant le resume sur la protection 
du monde karstique et son souterrain basant sur la litterature et engagement personel. Malgre Jes appels la Commission n 'a pas 
rer;u des rapports sur Jes conditions de la protection de /'environment dans Jes pays, membres de /'UIS. 

O'apres ses pouvoirs et avec la collaboration du Secretariat de /VIS la Commission a organise /es symposiums internationales 
pour la protection du karst et Jes grottes a Postojna en 1981 et a Lipica en 1983. 

Des le congres international_ a Olomouc (CSSS) on co/ectionne Jes renseignements sur Jes grottes arrienagees dans le monde. 
Au congres de Barcelone nous pouvons presenter aux membres du congres le catalogue imprime des grottes amenagees du monde. 

Dans l'origine le Departement de la protection avait dans son 
cadre la sous-commission pour les problemes scientifiques de la 
protection des grottes, presidee par Prof.V.Caumartin. Au Berne 
Congres a Bowling Green en 1981 dans le cadre de notre commis
sion on a organise la Commission speciale pour les grottes amena
gees, presidee par M. Russel Gurnee des Etats Unis. 

Des 1975, l'annee proclamee pour la protection des grottes, 
le soin particulier etait consacre a l'entendement general pour la 
protection des grottes. A Bowling Green deja a la seance de 
conclusion du Congres on a re9u la resolution pour la protection 
des grottes . On a accentue que les grottes presentent !'importan
ce scientifique, culturelle et touristique pour l'humanite et que 
cettes valeurs sont menacees a cause de pollution de !'environ
ment, de l'activite dans les mines et par les autres activites. 
C'est pourquoi le Berne Congres a fait appel a tous les membres 
de l'UIS de proteger cette richesse singuliere du monde souter
rain. 

Maintenant 5 ans sont passes et ii taut donner la reponse 
comment les membres de l'UIS ont execute la resolution. II est 
evident que a cause de differents systemes politiques et economi
ques des pays, membres de l'UIS, le lois pour la protection de 
!'environment different aussi . En general les lois pour la protection 
de !'environment devraient assurer l'equilibre entre les besoins 
de l'homme et conservation primaire de !'environment karstique. 
Ces messures de protection sont visibles dans les publications, 
dans le Bulletin de l'UIS, dans Die Hohle et dans les autres 
journaux et publications speleologiques lesquels recevait notre 
commission . 

Dans le monde ii y a beaucoup d'examples de pollution et 
meme de destruction de grottes a cause de !'urbanisation et 
industrialisation augmentants. Pour l'empecher dans plusieurs 
pays, membres de l'UIS, ont organise les symposia et l'on a 
publie les problemes de la protection du karst dans les jour
naux. 

Sans doute a la premiere place c'est l'Autriche ou dans le 
journal speleologique Die Hohle les articles speciaux etaient 
consacres a la protection des grottes. Malheureusement meme 
dans ce pays karstique la reglementation des mesures de protec
tion est dispersee dans les departements divers. Dans les dernie
res annees la Federation des speleologues d'Autriche organise 
les action de nettoyage des grottes a la jour de «la grotte prope» 
organise dans le meme terme que le jour international de la 
protection des grottes au commencement de juin chaque annee. 
En 1981 la Federation des speleologues autrichiens a publie les 
mesures uniformes pour la protection des grottes dans le cadre 
de Bundesdenkmalamt. Le role de protection etait transmis aux 
pays particuliers. De ce point de vue le pays de Salzburg est 
modele ayant publie le 1 er Octobre, 1985 nouvelle loi sur les 
grottes. On a reglemente avec cette loi les normes de la protection 
de grottes, expeditions speleologiques, la visite des speleologues 
etrangers, guides dans les grottes, grottes amenagees et sa 
protection et contr61e. 

A part des mesures differentes de la protection dans plusieurs 
pays d 'Europe -ltalie, France, Hongrie, Allemagne et dans les 
autres- je veux mentionner !'intervention de l'UIS a cause du 
travail dans la carriere pres de Bat Caves, Kuala Lumpur, Malaysia. 

Un cas special de pollution presente la riviere Reka mena9ant 
les grottes celebres Skocjanske jame pres de Divaca en Karst 
classique. C'est pourquoi on a organise le symposium pour la 
protection du karst, de Skocjanske jame specialement, en Octobre 
1982. Beaucoup de specialistes ont montre au symposium les 
resultats de ses recherches dans la region de Skocjanske jame 
et alentours. Les plus importants resultats etaient publies dans 
16 points dans le Bulletin de l'UIS et dans la revue Die Hohle. 
On a accentue que le Karst classique avec Skocjanske jame est 
un monument nature! et culture! qui devrait etre protege par un 
decret special. Les participants ont suggere d'inscrire la region 
de Skocjanske jame dans la liste du patrimoine culture! et nature! 
mondial aupres de !'UNESCO. Grace aux efforts de !'administra
tion de Skocjanske jame, du gouvernement yougoslave, de !'Insti
tution pour la protection de !'heritage nature! et culture! de la 
Slovenie et aussi du secretaire general de l'UIS la proposition 
avec documentation volumineuse (photos et texte) a ete presen
tee a !'UNESCO a Paris. II taut mentionner les lluttes pour la 
protection de Tara en Yougoslavie, laquelle etait deja acceptee 
dans le patrimoine mondial pres de !'UNESCO mais etait menacee 
a cause de la construction prevue pour l'hydroenergie. Pour le 
moment la riviere la plus propre, s'ecoulant dans le gorge suavage 
avec le canyon, profond de plus de 1.000 m, est sauvee jusqu'en 
en 2.000. Tara presente a part du Lac de Plitvice et Pare national 
du Triglav dans les Alpes Juliennes un des objets karstiques les 
plus attractifs dans la Yougoslavie. Pendant la lutte pour la protec
tion l'on a montre comme ii est nuisible que nous n'ayons pas 
de loi de protection uniforme pour tout le pays et ainsi la decision 
pour la protection est en proie a la merci de six republiques, 
chacune taillant le destin de la nature karstique. 

Ainsi nous avons dans le Karst dinarique quelques rivieres 
qui peuvent etre classifiees dans la premiere ou dans la deuxieme 
classe. C'est pourquoi je propose de nouveau d'accepter a la 
conclusion du Congres les resolutions, deja acceptees au Congres 
anterieur que tous les pays, membres de l'UIS, fassent la carte 
de distribution du karst et de sa pollution . De ce point de vue ii 
taut donner la reconnaissance a l'Autriche qui a deja commence 
comme la premiere. 

De la literature et autres publications ii est evident que dans 
beaucoup de pays, membres de l'UIS, on a publie differents 
brochures, prospectus et feuilles volantes, en Allemagne de 
l'Ouest, par example. Dans ce point de vue ii taut mentionner 
surtout l'iniciative des speleologues fran9ais. Federation fran9ais 
de speleologie a publie en 1982 les brochures Protegeons les 
nos cavernes, en s'adressant non seulement aux speleologues 
mais aussi aux autorites locales, aux proprietaires des grottes et 
au public en general pour proteger la surface et sous-terre karsti
que. La brochure illustre avec le texte et les photos toutes les 
agressions sur les principes de la protection speleologique et 
karstique. Les regles les plus importantes sont publiees en an
glais, allemand et espagnol. La brochure devrait devenir le modele 
de propagande pour tous les 44 membres de l'UIS, combattant 
pour la protection du karst et de grottes. Mais ii faudrait ajouter 
pour chaque pays la carte de pollution a la fin du livret. 

II serait urgent que la Commission pour la protection du karst 
pres de l'UIS recevrait au moins une fois par an le rapport de la 
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Commission de chaque pays sur les problemes de la protection. 
L'importance speciale presenterait une telle information des pays 
de l'Est et des autres continents d 'ou nous n'avons que des 
notices tres rares ou pas du tout sur la protection du karst. 

Departement de la protection comprend aussi la Commission 
pour les grottes amenagees, presidee par M.Russell Gurnee, re
presentant des Etats Unis. Je veux accentuer seulement que 
l'idee pour la publication du livre sur les grottes amenagees date 
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de 1975 deja et que notre commission, beaucoup aidee par le 
secretaire generale Dr. Hubert Trimmel a compose le resume 
approximatif sur les grottes amenagees dans le monde. Je suppo
se que pour la periode du dernier Congres a Bowling Green fera 
le rapport M.R.Gurnee. Autant que je sais la brochure des grottes 
amenagees au monde est en train d'etre preparee dans le cadre 
de Verband Osterreichischer Hohlenforscher de Vienne. 

Potential Sites for Underground Wilderness in the United States 

George N. Huppert 
Associate Profesor, Department of Geography University of Wisconsin. 

RESUM 

En els darrers anys, a/s Esta ts Units, s 'ha desvetllat un interes creixent per a establir reserves subterranies segons /es 
prescripcions de/ decret de re.serves de/ 1964 o be de/ decret de 1975 sabre /es reserves de /'est. Sembla imminent l'establiment 
de coves, /'(mica finalitat de /es qua/s seria la de constituir-se com a reserves hidrau/iques. L 'e/eccio de coves amb aquesta fina/itat 
no sera empresa facil. Una cova d'aquestes caracterfstiques, a mes d 'ajustar-se a /es normes de/ decret, haura de sotmetre 's a un 
llarg proces de reconeixement i a /'oposicio d 'a/gunes forces. L 'autor ens presenta aquf i segons el seu punt de vista, un nombre 
considerable de coves que reuneixen els requisits per a esser candidates a aquesta designacio. La relacio de coves s'ha dut a 
terme names en estats federals. A mes, els decrets anteriorment esmentats fan referencia tant sols a aquestes zones. 

D 'altra banda, la 1/ista no fa names referencia a /es coves aptes per a constituir-se en reserves . De tota manera, ben segur 
que /es coves comptaran amb el vist-i-p/au de la majoria d 'espeleolegs experimentats. 

RESUMEN 

En /os ultimas afios, en los Estados Unidos ha cobrado fmpetu el interes en establecer una reserva subterranea segun los 
preceptos de/ decreto de reservas de 1964, o bien el decreto de 1975 de la reserva de/ Este. Parece inminente el establecimiento 
de una cueva especffica como reserva . La seleccion de una cueva para esta finalidad no va a ser empresa facil. La cueva, ademas 
de tener que cumplir las normas de/ decreto, debera poder sobrevivir a un largo proceso de revision y a la tension de fuerzas 
opuestas. El autor presenta aquf, segun su punto de vista una cantidad de excelentes candidatos para la designacion. La lista se 
ha efectuado so/amente en pafses federales; tambien /os decretos arriba mencionados se refieren exclusivamente a estas zonas. 
Ademas, la lista no solamente es exclusiva de las cuevas que pueden ser e/egidas para reservas, sino que ademas las cuevas de 
la /ista seran, probablemente e/ogiadas por la mayorfa de espeleo/ogos expertos. 

SUMMARY 

Interest in the establishment of an underground wilderness in the United States under the precepts of the 1964 Wilderness Act 
or the 1975 Eastern Wilderness Act has gained momentum in recent years. Establishment of a specific cave as a wilderness seems 
imminent. Selection of a cave for this designation will not be simple. Not only will the cave have to meet the standards of the Acts, 
it will have to survive a lengthy review process and the strength of opposing forces. 

Presented here, in this author's view, are a number of prime candidates for designation. The list is only made up of caves on 
federal government lands as the above Acts only apply to those lands. In addition, the list is not all-inclusive of the caves that might 
be eligible for wilderness, but the caves listed would probably be placed high by most knowledgeable speleologists. 

Introduction 

The concept of an underground wilderness in the United Sta
tes has been formalized in the work of a number of authors 
(Watson and Smith 1971 ; Smith and Watson 1979; Huppert and 
Wheeler 1985). The strictures of the 1964 Wilderness Act (P. L. 
88-577) or the 1975 Eastern Wilderness Act (P. L. 93-622) will 
define the criteria for caves to be selected for the National Wilder
ness Preservation System. Those strictures are noted as follows 
in the 1964 Act (Section 2. (c): 

A wilderness, in contrast with those areas where man and his 
own works dominate the landscape, is hereby recognized as an 
area where the earth and its community of life are untrammeled 
by man, where man himself is a visitor who does not remain. An 
area of wilderness is further defined to mean in this Act an area 
of undeveloped Federal land retaining its primeval character and 

influence, without permanent improvements or human habitation, 
which is protected and managed so as to preserve its natural 
conditions and which (1) generally appears to have been affected 
primarily by the forces of nature, with the imprint of man's work 
substantially unnoticeable ; (2) has outstanding opportun ities for 
solitude or a primitive and unconfined type of recreation ; (3) has 
at least five thousand acres of land or is of sufficient size as to 
make practicable its preservation and use in an unimpared cond i
tion ; and (4) may also contain ecological , geological , or other 
features of scientific, educational, scenic, or historical value. 

The 1975 Act is similar in nature but it was specifically intented 
for federal lands east of the 100th meridian which may not meet 
the high standards of quality required by the 1964 Act. 

While there is still considerable resistance to the idea of an 
underground wilderness it seems that there is no legal or practical 
barrier to designating a cave as wilderness. The opposition has 
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come from various sources which have been outlined in previous 
works (Huppert and Wheeler, 1985). 

We are at a point where we can ask which federally managed 
caves are suitable candidates for wilderness status. There are 
tens of thousands of caves in the United States . The state of 
Missouri , for example, has well over four thousand. Many caves 
are on federal lands, especially those in the western United States . 
Many are already de facto wilderness due to their size, isolation, 
difficulty, or lack of publicity; some are even located on designated 
surface wilderness areas. 

Candidates for wilderness designation 

Of the technically suitable caves on federal land a number stand 
out as exemplary. The caves listed below were selected on how 
well they seem to fit the intent of the Wilderness Act, including 
their isolation , unmarred beauty, challenge, and natural significan
ce . The author has also not visited every cave on this admittedly 
subjective list but their reputation alone allows their inclusion. 
Figure 1 shows the location of each cave mentioned in the text 
with a number keyed to the text. 

Figure 1: Proposed underground wilderness areas referred to in the text 

1. Mammoth Cave - Flint Ridge System, Kentucky 

Any listing such as this must include the World's longest 
known cave. The surface area of the park covers more than 
50,000 acres which is managed by the National Park Service. 
The mandate for wilderness protection can be interpreted to be 
given in the National Park Service Organic Act of 1916 (P. L. 
64-235). Therefore, it would seem that it would only take a change 
in status and management goals to bring about an underground 
wilderness. However, a prolonged attempt since the early 1960s 
to enact such designation has yet to be successful. 

Difficulties have arisen in the form of opposition from local 
commercial interests, resistance within the park service, the ques
tion of whether caves can legally be wilderness, the «purity» of 
the surface above the cave as wilderness , and even resistance 
from some whitin the speleological community. The effort has 
had some success ifl the removal of some surface structures 
above the cave and the resolution of some of the difficulties 
presented by the opposition. 

Mammoth Cave was selected as a World Heritage Site in 
October of 1981 . This recognition by the World conservation com
munity should be enhanced by its preservation as wilderness. 

2. Carlsbad Caverns, New Mexico 

Located in southeastern New Mexico, Carlsbad Caverns Natio
nal Park is noted for its large rooms and extensive deposits of 
speleothems. The surface area of the park covers over 47,000 
acres and includes are more than forty caves within its boundaries . 
However the premier attraction is the over twenty mile long Carls-

bad Caverns itself. Designation of the more than seventeen miles 
of undeveloped cave as wilderness would seem easier here than 
at Mammoth Cave due to the less intense human impact on the 
surface and the lower level of commercial activity near the cave. 

3. Jewel Cave, South Dakota 

The entrance to Jewel Cave is in a relatively small national 
monument in the Black Hills of South Dakota. Beyond that entran
ce lies more than seventy-one miles of passage, making Jewel 
Cave the third or fourth longest in the world. This fact coupled 
with the minimal surface development and outside commercial 
interests would make this cave an ideal underground wilder
ness. 

4. Wind Cave, South Dakota 

Wind Cave is also located in the Black Hills of South Dakota 
only a few miles east of Jewel Cave. The national park is over 
28,000 acres in area of which on1y about a thousand acres are 
developed. This forty-one mile long cave is another on the «World 
Class» list which should be included in the National Wilderness 
Preservation System. 

5. Bighorn-Horsethief System, Montana-Wyoming 

This system is believed to be over ten miles long. It straddles 
the state line between Montana and Wyoming. It is also administe
red by federal government agencies, the Bureau of Land Manage
ment and the National Park Service. In addition, the Crow Indian 
Nation has laid claims to portions of the system. The system is 
not commercialized and access to the entrances is moderately 
difficult. This would be an ideal underground wilderness if the 
matter of jurisdiction of the surface lands is settled. 

6. Bigfoot-Meatgrinder System, California 

This more than ten mile long system is over one thousand 
feet deep and has the added advantage of being located in the 
Marble Mountains Wilderness in northern California. This fine cave 
would seem to be the easiest to designate as underground wilder
ness. It would only require recognition of its significance by the 
proper authorities and a specific wilderness management plan. 

7. Whigpistle Cave, Kentucky 

While located within the boundaries of Mammoth Cave National 
Park this twenty mile long cave has yet to be connected to its 
larger neighbor. Designation of Whigpistle Cave should not stir 
up the high level of controversy that the attempt for a Mammoth 
Cave wilderness did. 

8. Fitton (Beauty) Cave, Arkansas 

This is an uncommercialized cave located on the lands of the 
Buffalo National River in northern Arkansas. It is managed by the 
National Park Service. This eight mile long cave is well suited for 
wilderness designation and attempts to do so should not create 
great opposition. 

9. Great Ex(pectations) Cave, Wyoming 

While one of the shortest caves on this list with about six 
miles of mapped passage, Great Ex Cave is perhaps one of the 
most challenging caves in the United States. Tight, narrow passa
ges, cold rushing water and over a thousand feet of depth present 
a formidable fest for the hardiest cavers . 
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10. Groaning Cave, Colorado 

This ten mile long cave (5 1/2 miles mapped) is in northwestern 
Colorado in the White River National Forest. Its challenge, size 
and potencial merit its consideration for underground wilder
ness. 

The above federally managed caves already have some form 
of protection . Permit systems, gates, or commercial development 
prevent easy access. While these caves may be considered de 
facto wilderness, it takes more than access limitations to create 
a wilderness . A complete wilderness management plan must be 
drafted, enacted , and enforced . 

Perhaps noticeable by its absence on the list of wilderness 
candidates is Cave Creek Cave in the Daniel Boone National 
Forest , Kentucky. This cave was proposed for wilderness status 
in 1983, an action which attracted much support and opposition . 
The Forest Service rejected the proposal , perhaps correctly . Par
tial flooding of the cave by an artificial lake and private inholdings 
on the surface are the major objections to the designation. 

It has been stated that this list is subjective; however, the 
author feels that most of the caves selected would be highly 
rated on any such list. Other suitable caves on federal land do 
come to mind for an extended list. Examples of such caves are 
Russell Cave, Alabama (11 ), Blanchard Springs Caverns, Arkansas 
(12) , Lilburn Cave , California (13) , Big Brush Creek, Utah (14) , 
and the many caves of the Guadalupe Mountains (15). The caves 

in the Bob Marshal Wilderness (16) and in Lava Beds National 
Park, California (17) are already in designated surface wilderness 
areas and may be suitable for underground wilderness. 

A long fought effort may soon yield results . It seems likely 
that one of the above mentioned caves will become the first 
desigated underground wilderness in the United States. 
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RESUM 

OxpaHa HapcToeb1x nel.J..'1ep e rpy3111111 
K t(Al(v/{-: 
Hua30 PaHebuweunu 
CoaeT cneneonoruu AH 
Tpy3MHCHOii CCP, T6unucpu 

La protecci6 de Jes caves carstiques esta estretament relacionada amb problemes de caire cientffiC i d 'altres de tipus organitzatiu. 
La vessant cientifica va aparellada a Jes complexes investigacions dutes a terme en regions carstiques i a Jes cavitats. 

lnvestigacions sabre la natura dels materials, tectonica, fissures, hidrologia, J'aigua i el regim climatic, els diposits de Jes coves, flora 
i fauna, aixi com el seu interes respecte diversos factors naturals i antropogenetics. 

L 'exit en aquesta tasca de protecci6 de /es coves depen de /es condicions de protecci6 global de la natura def pals aixl com 
de la propia iniciativa dels espeleolegs. 

Les mesures de protecci6 de Jes coves, en cada cas particular, cal que es desenvolupin en consonancia mab els aspectes 
inherents a la seva utilitzaci6. A la URSS, la protecci6 de la natura es una qOesti6 prioritaria d 'abast nacional. A Georgia son molt 
nombroses /es coves carstiques i el govern de la Republica posa especial interes en la protecci6 d 'aquests monuments unics en 
el seu genere. 

Aquest article conte informaci6 sabre els metodes, formes d 'organitzaci6 i condicions de protecci6 de /es coves carstiques de 
Georgia. 

RESUMEN 

La protecci6n de las cuevas karsticas esta estrechamente re/acionada con prob/emas cientlficos y de organizaci6n. 
La parte cientlfica incluye las comp/ejas investigaciones de las regiones karsticas y de las cavidades, la naturaleza de las 

materiales, tect6nica, fisuras , hidrologia, el agua y el regimen c/imatico, /os dep6sitos de cuevas, flora y fauna, asl coma su disposici6n 
hacia diversos factores naturales y antropogeneticos. 

El exito de la protecci6n de las cuevas depende de las condiciones de protecci6n de la naturaleza, en general, def pals, y de 
la iniciativa de las espe/e6/ogos. 

Las medidas de protecci6n de cuevas en cada caso particular, deben desarrollarse de acuerdo con /os aspectos de su utilizaci6n. 
En la URSS, la protecci6n de la naturaleza es un problema de importancia nacional. Hay muchas cuevas karsticas en Georgia y el 
Gobierno de la Repub/ica presta mucha atenci6n a la protecci6n de estos monumentos unicos. El artlcu/o contiene informaci6n 
sabre metodos, organizaci6n y condiciones de protecci6n de las cuevas karsticas en Georgia. 

SUMMARY 

The protection of karst caves is closely connected with scientific and organization problems. 
The scientific part includes the complex investigations of karst regions and caves, the nature of rocks, tectonics, fissures, 

hydrology, the water and climatic regime, cave deposits, flora and fauna as well as their disposition to various natural and anthropogenic 
factors. 
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The successful protection of caves depends upon the conditions of nature protection, in general, in the country and on the 
initiative of speleologists. 

The measures of caves protection in every particular case, must be carried out in accordance with the aspects of their use. In_ 
the USSR the protection of nature is a problem of national importance. There is a Jot of karst caves in Georgia and the Goverment 
of Republic pays much attention to the protection of these unique monuments. The article contains information about methods, 
organization and conditions of protection of karst caves in Georgia. 

CxpaHa npKpo,11,1,1 Kee OTA8Jlblll,ll( nWUITHHKOB HMeeT •K3H8HHO-Bll&ll08 

3HaqeHK8 AJ1J1 KQAOA CTp11H1,1,IlpaBHT8JlhCTBa MHOrMX rocyAapCTB npHHMMa

llT 3Hepr=e wepw AJ1J1 coxpaHeHIUl B QHCTOT8 OKPY.81XJ18A cpep,1,1,ao,11,1,1, 

B03AYXa,AJIJI aocnpoH3BOACTaa necoa,coxpaHeHIUl H )'Ml!OaeHIUl peAJ<MX BH

AOB ¢.nopw ll lj:aYffW. 

·Cco6oro nOAXOAa Tpe6yeT K ce6e npo6JieMa OXpllHl,I KapCTOBb.X ljxlpM , 

TaK KaK H8B03MOZHO BOCCTaHOBHTb 6naronpMIITHMe YCJIOBIUl AJIJI KCnOJlb-

30BaHIUl,Kpacoey H npHBJieKaTeJlbHOCTb nOA38MHOro MHpa,C03A8Hllbl8 3a 

TMCJIQ8Jl8TIUI, IlpaaAa,npeAnar811T M8TOA HCKYCCTBeHHoro ycKOpeHHoro po

CT!l pa3HOI.IB8Tlll,IX HaTeQlll,IX ¢opll B ne111epe (IIJonoa, l9b3) ,HO 111,1 HHKaKHIOI 

M8TOAaMM H paCXOAaMM He C03All,IIHM HMQero .nytm1e H rapwOHll'll!ee, qew 

co3Aana C!llla llpHpoAa. 

06111eMSB8CTH8 Tax.e BlllUIOCTb HH¢op~H,npeAOCTaBJIJlellOA KapcTo

BOA ne111epoA yqeHMM - reonoraM, reowop¢onoraM,rHAPoreonor11M,rll,lllX)J10-

raM ,naneo6Honor11M,300J1or11M H 60TaHMK11M,apxeonor11M,KCTOpHK11M,MeAH

Kllll,HCKYCCTBOBeAaw HAP· 

Ile111epw HrpllJIH 60JlblDYJ) pOJlh B •H3HK A!)8BHero qeJIOBeKa, HBJIJIJICb 

,!J,Jlll HHX •HJlbew,y6e•H1118ll , TBOpqecKOA 118.CTepcxoA H T,A. Ilo wepe pa3BH

TM H~oro nporpeCC8 B03p0CJIH B031l0ZHOCTH HCDOJlb30BaHM nOA38M

HMX nOJIOCTeA. B TO •e epeMH A8HT8JlbHOCTb Q8JIOB8K8 CHJlbHO BJIHlleT 

HJIH -o•eT nOB.'IMTb B 6yAYl!lell KaK Ha HHTeHCHBHOCTb KBpCTOBOro npoi.e

CC8,TaK H Ha cawo CY1118CTBOBaHH8 B nep803ABHH01l BHAe YffHKBJlbHOA DOA-

38MHOII Kp8COT1,1. 

AHTponoreHHMA lj:aKTOp B 3THX o6oHX CJ!YQIU!X OTPlll.lllT8Jl8H,IUSO ycxo

peHH8 3aKapCTOB&HIUl TeppHTOpHH wemaeT ee X03HPCTB8HHOMY DCB08Hllll , 8 

3arpH3H8HHe , nDBpe.A8HK8 K YH~HH8 ne111ep JIHmaeT Hae DAHDrD H3 

cy:qecTB8HHMX npMpoAffMX 6Dr8TCTB. 

Ile111epw MBKa3a ynoMHH811TCH B JIHTepaTyplll,IX HCTOQHHKBX e111e c aH

THQHOrO BpeMeHH, 8 cneJ1eOJ10r1111 , KaK Hayx8, B I'py3HH HBCQKTl,ll!aeT sce

ro 60 neT. B 1925 rDAY DKOJID r.l~TaHCH,B 3an8,ll,IIOA I'py3HH, IleTpe 

lial!yxHaHH 06H8py&HJ1 KapCTDBYJ) ne111epy CaTanJIK8 H BCO CBOO •H3Hb noc

BHTHJI ee H3yqeHIIII H DxpaHe . 

C 195& r. A8JID H3yqeHHll n8111ep B3HJl8 Ha ce6H AK11,11e11Hl1 H~ rpy-

311HCKOA CCP,co3Aaa KOOpAIIHllJ.ll!DlilWII CoaeT cneneOJIDrHH npH np83HAHy-

M8 AK11,11e11HK H ha6Dp8T0pllll cneneonorHH-KapcTDJIOrHH B r!HCTKTYT8 reo

rpalj:KH 1111.BaxymTH Barp8THOHH. H8QllJIOCb MaHOll8pH08 HCCJ18AOBaHll8 Ka

pCTDBMX pallDHDB,DDKDpeHHe rJiylSOKHX sep-rMKaJlblll,IX nponacTell .o6BDAff8H

lll,IX D81118P• B H8CT0fflll88 BpellH B I'py3HH H3B8CTHO 6onee 1000 KapCTOBMX 

ne111ep , 11Hor11e H3 KDTDpMX BXDAffT B CnHCOK KpynttellmHX noJIDCTeA IOlp8. 

MllM8KCHH8 HCCJ18ADBaHM KapCTOBMX pallOHDB H ne111ep AMH B031lO•

HOCTb BWIBHTb 3aKDH0118pHDCTH pa3BHTHll KBpCT8 H 3alj:HKCHpoB8Tb HaK60-

Jl8e B8llHM8 06'I,8KTl,I KBpCTOc,flepw",KaK DDA3811HM8,T8K H noaepXHOCTIW8, 

Tpe6YJ)IIIH8 yrny6JieHHoro H3yq8HM C 1'8Jlb0 pa3pa60TKH COOTB8TCTBYJ)IIIHX 

DXplll!Hl,iX MepO!IpHllTHfl, 

CCHDBHDII llpHQIIHOA 3arpR3HeHAA noepe~eHIUl HJIH YffMQTDaeHIUl Kapc

TOBMX ne111ep RBJUl8TCH CIIM Q8JIOB8K Hero A8HT8JlbHDCTb, 0TA8JlbHl,le ny-re

meCTBeHHHKH HJIK rpynm,i HeopraHH30BaHlll,IX TYPHCTOB JIOIIIIIIT Kpacmn.ie H8-

T8QHM8 lj:Oplll,l,Bl,IIIOCRT H3 ne111epw HJIH TYT •e 6pocaoT , DDp'rRT KpHCTIIJIJIH-

qecKH8 o6paMJieHIUl npo3p8QHMX 038pKOB, H8HDCHT 60JlhmOA BpeA ne111epHDA 

¢.nope H 4'aYff8,ApBBHIDI pHCYffK!lll,KDn811T Kj'JlbTypHJ,18 CJIDH H T•A• llacTO 

H8MllJIMII Y1118p6 HaHDCHTCH ne111ep11M,npH OTCYfCTBHH BMCOKDA C03H8T8JlbHDC

TH H KDHTpOJIH, TypHCT!lllH,CDOp'rHBHl,D,(H H HCCJ18AOB8T8JlhCKHIOI rpynn!IMH. 

• Teplll!H anepawe np1111el!eH np<>f,.:l. loapyamaHJIH ( 19?0) . 

<t CoxpaHHDCTH nell(ep yrpo•aeT B3pMBHMe p86DT1,1 npoBOAIIIJll,III B ee OK

peCTHOCTRX ,rOpHOA06MB8IXJIH8 pa60T1,1 Hll,ll nell(epoll,YffHQTO•eHHe pacTHT8Jlb

HDro H noqaeHHoro noKpoaa(py6Ka nec8 , HHTeHCHBHaa nacTb68 cxoTa,ceJlb

cx0x03aAcTBeHHM o6pa60TK8 CKJIOHDB H AP·)-BM3MB81XqHe YCKDpeHHe K8pc

TOBDrD npoQecca H 0CJla6JieHKe ycTOIIQHBOCTH nopoA, HCD0Jlb30BaHHe nell(ep , 

KDJIOAQee H maxT AJl/1 3aK8QKH •HAJ<MX np0MhllllJl8HHMX OTXOAOB , TB8PAOKO •Y-

copa H T.n. 

OxpaHe KapCTOBMX ne111ep AOJl&HO YA8JUITbCR nocTORHHOe,HeOCJla6JUDXqee 

BHHMaHKe.IlocpeACTBOM npeccw,pll,IIHO K T8Jl8BMA8HHll, JleK~ H 6eceA cpe

llli HaceneHAA H pyxOBOAfflllHX pa60THHKOB pa3HMX opraHK3aQKA npOBOAHTCH 

nponaraHA8 3HaqeH1U1 ne111ep K IIX oxpaHM.38Kpwe811TcR H 6epyrca noA ox

paHoA HaH6oJiee 3H8QHT8Jlbl!l,!8 ne111epw.YcTaHa&JIKBaeTCH CTpOrHA KOHTpOJlb 

38 Co6JID,P.eHKeM llpaBHJI noce111eHHll ne111ep , 3KCnJIY8TBQKOHHMX HOpM,8 Tax.a 

OCTOpoZHOCTH npK pa60Tax no 6naroycTpoACTBy. 

Bee npoeKTl,I CTpOHT8JlbHOro,ceJ1cKOX03RACTB8HHOro,ropHOAo6MB81XJ1ero 

H T,n. 0CB08HIUl KapCTOBOro palloHa HJIH yqBCTKa AO.Dlll,I 6MTb cornacoa8-

HM C KapCTOJIOrMQeCKHIOI H cneneonorMQeCKHIOI y,ipell,P,8HHl!MH. 

Bo H368aaHKH noa~eHIUl ne111ep TaKHIOI npHpoAHl,IMH RBJl8HHllMH , KaK 

rpa&KTaqHR , 381lJ18TpRCeH1!8 II Ha&OAff8HKe, CJ18AY8T nposecTH yxpenHT8JlbH 

Hl,!8 H BOAOOTBOAHl,le .epOnpHllTIUl ,YCTpOKTb CTBQKOH8pHwe Ha6JID,P.8HKJI B 

ne111epax. 

CxpaHa ne111ep AOJI&H8 COOTB8TCTBOBaTb H MX KCnOJlb3088Hlll),T.e.CJle

AY8T )'lleJIO KOMISIIHHpo&aTb HX OxpaHy C acneKTIIMH HCnOJlb30BaHHll (Paita11-

am&HJ1H, I983) • .!iM KBllf,ll.OA ne111epw H APYI'MX KBpCTOBMX ljxlpll,BWIBJ18HHl,IX 

B CTpaHe,OnpeA8JU18TCa CTeneHb 3H8QMIIOCTII H 8Cn8KT HcnOJlb30BaHIUl -

fYPH3M,cneneoTepanlll!,CKJlll,ll-XOJIOAHJlbHMK,HayqHMe HCCJ18AOB8HKJ1,J1a6opa

TOpAA,Ao6yqa nOJl831!1,!X HCKonaewwx,BOAOCHa6aeHK8 H T,A, -8 0Aff0TKIIHl,l8, 

C TOQKH 3peHHll MX IICDOJlh30BaHM,O~AIIHJlllTCR B rpynm,r-K8Terop11H 

( l!Ha= , 1977) • 

CorJI8CHO KoHCTHTYQHH I'py3KHCKOA CCP ace opraHH3aQHH H rpWSAaH8 

o6M38Hbl 3a60THTCR 06 OY.paHe npHp0,11,1,1 Pecny6JIMKH, &onpoc O,q>alll,I Kapc

TOBW: ne~ep npKo6pe.n oco6yi, Ba.HOCTb 38 nocJieAHHe 30 Jl8T c OTKpi,rraeM 

B I'py3KH IIHOaecTB8 orpot.!l!MlC noJIOCTeR , H 3Ta BaZHOCTb noAqepKffYT8 

HeCKOAbKMIIH cneQHaJ!hl!MMH np8BHT8JlhCTB8HHl,!MH IlOCTaHOBJl8HIIRMH.HeKO

TOpMe 3H8QHT8JlbHMe K8pCTOBM8 if.'opM!i BH8C81!1,! B "KpacHYJ> .KHKry" • 

0xpaHY KapcTOBMX n81118P np0BOAHJIH pa31!1,!8 opraHH38QHH - Ynpaane

HH8 sanoBeAHMKOB, CoaeT no TypH314Y HAP· B 1976 r.6MJIO C03AaHO r=

Hoe H8yqHO-npOH3BOACTB8HHOe ynpaaneHHe no oxpaHe H HcnOJlb30BaHllll 

nai.:RTHMKOB HCTOpHH KYJlbTYPM H npHpo,11,1,1 I'pY3HH.BwecTe C TeM 3a60T!l 06 

oxpaHe ne111ep B03JIOllteHa Ha ,.-.eCTHl,!X opraHax anacTH - ropoACKKX H cem,

CKKX CoaeTOB ~apg,Q,IIWC , ABny'1'8TOB. 

0CHOBHYJ) poJlb s CKOpellmeA opraHH3aQKII oxpaHM BHOBb OTKPMTMX ne-

111ep Hrp8IIT cneneonorH,HX H3yqllBIIIJ!e H anepewe 0/1'148THBmHe 3HaQHMOCTb 

O~KT8. IIp'Hwepow CJ!y.HT npeKpaCHait UxMTylSCKaa ne111epa B 3an8,ll,IIOA 

I'pY3HH , HCCJ18AOBdHHBR cneJI80JIOraMH HHCTl!TYT8 reorpalj:HH B 1964 r. 

Il81Jlepa TYT •e 6MJI8 3aKpHT8 H B3RT8 DOA OxpaHy rocyp.8pCTBa. Y..a CK8-

3aHHOro CJ18AyeT BMBOA, QTO qew 6oJlbme BHCOKOKBMlljll!QllpO&aHHMX cne

neonoroa a CTpaHe ,TeM Hll,lle.Hee 6)'.11.YT OXpaHJ!TbCR ne111epw. 

Heo6xoAHMa Tax.e H mKpoKaa ceTb npHpOAOOxplUIIIMlC , cneneonorMQec

KKX K8pCTOJIOrMQeCKIIX yqpe..11eHKll , rpynn , KnydOB H ro~OBHM opraHH3a

QIUl, pyt<OBOAffllllU! eceMH pa60TaMH no OY.p&l!e ne111ep H OTB8TCTB8HHM 38 

csoeapeweHH&ll K K8QeCTBeHHoe Bl,IIIOJIHeHHe 3THX pa6oT. 

B 38KJIOQ8HIIB npHBOAHM C't814Y OCHOBHOA CTPYKTYPM OlCpaHM npHpo,11,1,1 

K KCCJl8AO&aHHll KapCT8 H ne111ep B I'pY3HH. 
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ESPELEOTERAPIA 
ESPELEOTERAPIA 
SPELEOTHERAPY 
14288 

In Heilhohlen behandelte Patienten im Spiegel einer reprasentativen 
psychologischen Un_tersuchung 

Dr. Pais Ella - Dr. Fodor Istvan 

RESUM 

A dues coves d'Hongria, /ocalitzades a diferents indrets de/ pafs i d'estructures geologiques diferents, pero amb caracterfstiques 
climatiques similars, es varen investigar Jes condicions i possibilitats de tractar ma/a/ties ffsiques i somatiques de diversos grups. 

El nostre objectiu consistia en descobrir la proporci6 de casos asmatics d'origen psfquic i fisiologic, aixf com /'efecte de Jes 
coves en els pacients que hi eren tractats. 

Com que varem acordar una aproximaci6 psico/ogica es va utilitzar el test MMPI. 

RESUMEN 

En dos cuevas de Hungrfa, localizadas en diferentes partes de/ pafs y con diferentes estructuras geo/6gicas pero con caracterfsti
cas climaticas similares, se investigaron las condiciones y posibilidades de tratar las enfermedades ffsicas y somaticas en diversos 
grupos. 

Nuestro objeto fue encontrar la proporci6n de casos asmaticos de origen psfquico y fisio/6gico, asf como el efecto de las cuevas 
en /os pacientes tratados en el/as. 

Ya que decidimos una aproximaci6n psico/6gica se utiliz6 el test MMPI. 

SUMMARY 

The conditions and possibilities of treating both psychic and somatic diseases were investigated in several groups and in two 
Hungarian caves located in different parts of the country and with different geological structures but similar climatic features. Our 
purpose was to find out the proportion of asthmatic cases of psychological origin and of physiological origin, as well as the effect 
of the caves on the patients treated there. 

Since we decided on a psychological approach, the MMPI test was used. 

Auszug des Referats 

Es wurden die Bedingungen und Moglichkeiten des Heilungs
prozesses psychischer und somathischer Krankheiten in zwei 
voneinander ferner liegenden Hohlen in mehreren Gruppen ge
prOft , die neben ihren geologisch abweichenden strukturellen Ge
gebenheiten doch ahniliches Klima haben. 

Die eine Hohle ist in Abaliget , die am sOdlichen Teil Ungarns 
/ ostliche Lange 18°7', nordliche Breite 46°8'/ am Mecseker Karst 
207 m Ober dem Meer liegt. Aufgrund bioklimatologischer Parame
ter ist die Lufttemperatur der ein kOhles Gefuhl hervorrufenden 
Hohle am Aufenthaltsort der Kranken 11 C0

, der Feuchtigkeitsge
halt 98-99 %. Der Kalcium-lon-Gehalt der Luft ist 60 mg/I, der 
Magnesium-lon-Gehalt ist durchschnittlich 75 mg/I; aus bakterolo
gischem Aspekt ist die Hohle steril, die Luftstromung schwach , 
und der Luftraum ist nicht zOgig. Die Hohle wird seit 1959 in 
erster Linie von an chronischer Bronchitis und Asthma bronchiale 
leidenden Patienten besucht. In der letzten Zeit dient aber diese 
Hohle hauptsachlich zur Rehabilitationsbehandlung von Bergleu
ten. 

Die andere Heilhohle ist die Tapolcaer Seehohle, deren geogra
phische Koordinaten sind: 130 m Ober dem Meer, 46°53 ' N. 17°27' 
E. Diese Hohle ist ein Teil des in sarmatischem Kalkstein herausge
bildeten Systems. FrOher ist durch einen Teil der Hohle ein Warm
wasser -Hohlenbach geflossen , der das Klima der ganzen Hohle 
in die Richtung der sog . Komfort- Zone verschoben hat. 

lhre bioklimatologischen Parameter zeigen aber grosse Ahn
lichkeit mit der Abaligeter Hohle. 

In beiden Hohlen werden seit langerer Zeit spelaotherapische 
Behandlungen gefuhrt. 

Seit dem Anfang der 50-er Jahre hat sich die Anzahl der 
Erkrankungen erhoht, die einen psychischen Hintergrund haben. 
So bedeutet die Behandlung, die Heilung der korperlichen Symp
tome, die auf psychischem Grund entstehen, fur die Forschung 
eine interessante Frage. Nach der Fachliteratur ist das Asthma 
bronchiale eine der psychosomathischen Krankheiten. Es kommt 
die Frage hervor, wie diese Hohlen , deren Eigenschaften und 
Parameter angegeben wurden, auf die Krankheiten wirken, die 
nicht definiert somathische Ursache haben. In unserer Forschung 
versuchen wires nachzufolgen , welche Unterschiede die mit Hoh
lentherapie behandelten Patienten in der Hinsicht gewisser Per
sonlichkeitszOge im Vergleich zur Population zeigen , die im Kran
kenhaus behandelt wurden . Antwort wird auch auf die Frage 
gesucht, wie die Hohle als eine von Reizen freie, geschlossene 
Struktur auf die Patienten wirkt. 

Als Untersuchungsmethode haben wir mit dem MMPI psycho
logischen Test gearbeitet, der von Hathaway und McKinley zusam
mengestellt wurde und in der klinischen Praxis gut anzuwenden 
ist. Der Test ist fur Ausfilterung von psychisch kranken Personen 
geeignet, aber er ist auch auf Signalisierung von Devianzen , auf 
Untersuchung de Wirksamkeit des therapischen Prozesses und 
auf Objektivierung der Anderungen , die im Zustand der Person 
erfolgen anzuwenden. 
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Speleo Philately - The Human Aspect 

J.P. van der Pas 

RESUM 

(L 'espe/eo-filatelia, en la seva definici6 mes senzilla, podrfem dir que consisteix en co/- leccionar segells referents a cavitats. 
Pero no tot queda reduil als segells i mata-segells, ja que l'afeccionat va/ora tambe Jes emissions de/ primer dia i postals especials 
dedicades a temes re/acionats amb Jes coves.) 

De Jes pintures de coves, podem deduir-ne /'autor i que pretenen representar; pero probablement /'artista no va esser cap 
espe/eo/eg, coma la major part de nosaltres, si be va haver de resoldre el primer problema espe/eo/ogic: /'abasencia de I/um. 

Hem fet un repas i /'(mica persona que hem pogut trobar en els segells ha estat Emile Racovitza, potser /'unic professional 
dins de/ camp de /'espe/eo/ogia que ha merescut aquest honor. 

RESUMEN 

(La espeleo-filatelia en su definici6n mas sencilla es la colecci6n de sellos relativos a cavidades. Pero hay a/go mas que 
solamente sellos o matasellos, sabres de emisiones de primer dfa y pasta/es especiales de temas re/acionados con cuevas.) 

Empezamos por el verdadero principio, las pinturas de cuevas de las que solamente podemos deducir quien las pudo haber 
creado y que quieren representar. Probablemente el artista no fue un espe/e6/ogo coma la mayorfa de nosotros, pero a pesar de 
el/o tuvo que resolver el primer prob/ema espe/eo/6gico: la Juz. 

Sin embargo, de todas las personas a las que se ha pasado revista, Emile Racovitza puede ser considerado coma el unico 
profesional en el campo de la espeleo/ogfa, que ha merecido el honor de figurar en los sellos. 

SUMMARY 
(Speleo-philately in its most simple form is the collecting of stamps depicting a cave. But there is more than just stamps 

cancellations, first day covers and special postcards with cave-related subjects.) 
We start at the real beginning, the cave paintings, where we can only guess who made them and who might be depicted. 

Probably the artist was not a caver like most of us, but still he tackled the first problem in caving: light. 
Of all people discussed, however, only Emile Racovitza can be .considered as professional in the field of speleology ANO 

honoured as such on stamps. 

Nowadays virtually the whole story of speleology can be shown 
on stamps: caves, karst, bats, etc. The caves are of course the 
most spectacular stamps to view. This lecture however will deal 
with persons depicted on philatelitical items and their relationship 
with caves or speleology. 

If we start at the very beginning, the pre-historic cave 
paintings, we do not find names and faces. But somebody left 
his «hand-prints11 (Spain, 1967, 1.50 ptas). We will not know who 
this man was who found his way in the dark, but maybe in the 
future science will develop techniques to identify him. 

Later we find names, often of scientists, interested in all 
phenomenons they couldn 't explain . In those days they seldom 
specialised , but studied every curiosity . And several of them 
wondered about caves, the origin of caves and even cave-life . 

It seems all known people at the beginning of written history 
could be cave-related . Maybe they visited caves only once, but 
found it important enough to make reports which last up till now. 

Some names? Aristoteles (384-322 B.C.) (Greece, 1978, 2d), 
had different idea's as Plato about underground waterflows, but 
his own idea's about the origin of stalagtites. 

Who didn 't read Homer (700 B.C.) (Greece, 1954, 300d), who 's 
Ulyssus sailed virtually from cave to cave, (Greece, 1983, 20d). 
Later investigations showed many of the caves really exist, so 
somebody must have seen them. 

The more we investigate, the more names we find . But be 
aware, none of these persons are really cavers or speleologists. 
For each of them it's just a sideline: a cave for hiding , living, or 
part of a geological or even more universal study. 

Avicenna (980-1037) (Poland, 1952, 75gr) , best known as a 
medic, did already remarkable observations on dripstone. In the 
middle ages we meet Agricola (1494-1555) (D.D.R., 1955, 10p) 
who publishes in a book in 1546 already a cave-plan . Pa/issy 
(1510-1590) (France, 1957, 12f) used as early as 1575 stalagtites 
in his lectures. 

Niels Stensen publishes in 1671 his «Grotto Letters» in which 
he describes and discusses ice-caves . 

Yoritomo on the contrary, a Japanese warrior (1147-1199) 
saved his life after a lost battle by hiding in a cave (Japan, 1982, 
60y). 

Also Muhammed, founder of the Islam, saved his life thanks 
to a cave. Muhammed is never depicted on a stamp, but 
symbolically the cave is (lrak, 1970, 15f). 

Spallanzani (1729-1799) (Italy, 1979, 17OL) discovered bats 
could fly without using their eyes, although he couldn 't know 
about echolocation . Cuvier (1796-1832) (France, 1969, 50c), 
studying also cavebiology, however didn 't believe the findings of 
Spallanzani . 

In later times we find Dr. Joseph Pawan (1887-1957) (Trinidad 
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& Tobago, 1975, 30c) who proved bats as rabies carriers . Probably 
to the disadvantage of vampires , but to the help of several 
harmless species. 

Alexander von Humboldt, 1869-1959, mining engineer and later 
global explorer (Venezuela, 1969, 50c) visited many caves and 
often was the first to give a good description . So he reported 
the Guacharo Cave and the famous echo-locating bird, Steatornis 
Caripensis. And who never heard about the writer Jules Verne? 
(1828-1905) (Monaco, 1955, 10fr). In virtually all his books caves 
are used . And Samuel Clemens, better know as Mark Twain? 
1835- 1910. In his book about Tom Sawyer a real cave is used. 
This cave is now named after him, «Mark Twain Cave», (Romania, 
1960, 20b). 

Two real scientists we meet in France, Abbe Breuill, 1877-1961 , 
(France, 1977, 1fr) and Pere Tei/hard de Chardin, 1881 -1955, 
(France, 1981 , 1.40fr). Breuill is one of the first ones to prove (or 
convince) that the cave paintings are real and very old. He 
becomes a recognized expert in this field . Teilhard de Chardin 
looks and searches for the human origin by digging in caves. 
World famous are his discoveries in the Chinese Chou-Kou-Tien 
Caves. 

In the 19th century several people start to work in Central 
Europe on a professional level. 

Herman Otto (1836-1914) (Hungary, 1960, 60f), 
paleaonthropologist, becomes one of the founders of Hungarian 
speleology. 

Jovan Cvijic, hydrologist , (1865-1927) (Jugoslavia, 1970, 0.50d), 
does karst research in Jugoslavia. 

Emil Racovitza, speleobiologist (1868-1947) (Romania, 1958, 
1.20L), starts one of the first underground biological laboratories 
and creates a complete organisation for biospeleology. 

Very often explorers and discoverers find caves, as in Australia. 
John Oxley, surveyor-general , (Australia, 1976, 18c) discovers the 
Wellington Caves. 

Captain Charles Sturt (1795-1869) (Australia, 1930, 1 ½) writes 
the first report on the Wellington Caves, based on descriptions 
by his expedition member Hamilton Hume (Australia, 1976, 18c). 

Major Thomas Mitchell (1830) (Australia, 1946, 2½d) is the 
first one to find bones in Wellington Caves of the extinct 
Diprotodon. 

Burke & Wills (1860-1861) (1983, Australia, 30c), explorers, 
discover many caves during their expedition, the first to cross 
Australia from South to North . They reached their goal , but 
perished during the return . 

In later years Sir William Edgeworth David, geologist, (Australia, 
1968, Sc) investigates also caves. 

Now to some very «prominent» cavers . As it turns out some 
American presidents surveyed and explored caves. As president 
Thomas Jefferson, depicted on many U.S.A. stamps. He made 
one of the first American cave-maps (Madison Cave, around 1781 ). 
During later excavations in a saltpeter-cave some bones were 
found , and Jefferson recognized these as important, while Cuvier 
(mentioned before) , named them as belonging to the Megalonyx 
jeffersonii (1804). 

During the civil war in the U.S.A. many caves were explored 
not for the sake of the cave, but for the deposits of guano (the 
droppings of bats) which was badly needed for the manufacturing 
of gunpowder. Several other presidents, as George Washington 
and James Madison, worked in caves. 

Both Washington and Jefferson were trained surveyors. The 
amount of stamps depicting them is overwhelming. 

Another American , Daniel Boone, (U.S.A., 1972, 6c) escaped 
Indians via a cave. This is now the «Daniel Boone Cave». 

An American explorer, J. W. Powell (1869), (U .S.A. , 1969, 6c), 
professional geologist , discovered many caves during his 
Colorado River expeditions. 

Then, finally, we are coming to some modern cave 
explorers. 

Cesare Battisti (1875-1916), (Italy, 1966, 40L) is considered as 
the «father» of caving in the Trento area and one of the promotors 
of speleology in Italy. 

A Laibach (Yugoslavia) stamp shows a still more or less 
unknown caver. (Laibach , 1945, Sc). The picture is taken in 1934 
by Hafner during an expedition in Krizna Jama. Andrej Krajc (YU) 
recently checked all names of members on this trip and reduced 
the depicted person to four names. 

Haroun Tazieff (1952), (North Korea, 1980, 30w), vulcanologist 
and explorer, took part in the first Pierre Saint Martin cave 
explorations. However, after a tragic accident during this 
expedition he returned to his primary fields , the study of 
vulcanoes. 

Not a picture, only his name on a Spanish stamp: Tito Bustillo 
(1968). (Spain , 1975, 12pta). He discovered a cave now famous 
for it's fine cave-paintings. Shortly after this discovery he was 
killed in a climbing accident and in his honor the cave was named 
«Tito Bustillo Cave». 

Not many cavers will be depicted during their lifetime, but it 
happened to Vagn Bjerre Christensen! (Barbados, 1977, $1). 

This stamp, taken by his brother Jorgen Bjerre in the Harrisons 
Cave during an expedition in March 1971 , shows a formation at 
station nr. 12 at the overlook at the Great Hall. 

Not depicted on a stamp, but on a Maximum Card (a maximum 
card is a postal item, card , with a picture very similar to the 
stamp attached to it), Mrs. Joana Lascu (1978). (Rumania, 3,40L). 

Rumania issued in 1978 a beautiful set of cave-stamps, based 
on slides taken by her husband, Christian Lascu. Careful 
examination shows the card and the stamp are the same picture, 
only the lady is removed from the stamp! 

On another kind of postal item (stationary) , now a cancellation, 
we see the name of a very well-known French caver: Ferdnand 
Petz/. This cancellation is used on the mail of his cave-equipment 
producing firm. Petzl is well known from the Gouffre-Berger 
expeditions he organized (1953, 1954 & 1956). During these a 
world depth record was set. 

Note & Resume: 
This article is certainly not complete. In modern philately not only stamps 
count , but also cancellations, covers etc. These are not used for this 
article . Also will further investigations bring many more names. The old 
problem: where to draw a line who is still interesting and who not. 
From the stamps only Emil Racovitza can be considered as a true 
speleologist. 
On the cancellations only Ferdnand Petzl is a professional. 
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Cave Book Publishing In The U.S.A. 

RESUM 

Richard A. Watson Editor' Cave books 
Cave Research Foundation 

La publicaci6 de 1/ibres que versen sabre coves a EEUU durant a/s darrers 40 anys ha anat a carrec, en gran part, d'empreses 
privades, en co/'laboraci6 amb la Societat Nacional d'Espe/eo/ogia, /'empresa NSS Grottos, la lnspecci6 Geo/ogica Estatal, la Fundaci6 
per la investigaci6 de coves i d'editors independents. L 'historial de com s 'han anat desenvolupant aquestes publicacions ja esta 
comem;at i hi trobareu la situaci6 actual de la publicaci6 de 1/ibres sabre /es coves d'EEUU Mentre que els editors de 1/ibres mes 
importants d 'EEUU publiquen molts pocs 1/ibres sabre espeleologfa, els mitjans amb que compta la comunitat espeleologica propiament 
dita, s6n suficients per a publicar, no names els relativament escassos 1/ibres manuscrits sabre /es coves d'EEUU, sin6 tambe 
articles, traduccions i reedicions de llibres antics de coves. 

RESUMEN 

La pub/icaci6n de libros sabre cuevas en US.A durante /os ultimas 40 anos ha sido debida en gran parte a empresas individuales 
en cooperaci6n con la Sociedad Nacional de Espeleologfa, la individual NSS Grottos, State Geological Surveys, la Cave Research 
Foundation y editores independientes. La historia y desarrollo de esta publicaci6n esta esbozada y se describe la situaci6n actual 
de la publicaci6n de libros sabre cuevas en U.S.A. Mientras /os editores de libros mas importantes en U.S.A. publican muy pocos 
/ibros sabre cuevas /os medias de la comunidad de espeleo/ogfa propiamente dicha son adecuados para publicar no solamente los 
relativamente escasos libros manuscritos sabre cuevas en U.S.A. , sin6 tambien para publicar conjuntos de artfculos, traducciones 
y reediciones de /ibros antiguos sabre cuevas. 

SUMMARY 

The publishing of cave books in the U.S.A. during the last 40 years has been largely due to individual enterprise in cooperation 
with National Speleological Society, individual NSS Grottos, state Geological Surveys, the Cave Research Foundation, and independent 
publishing houses. The history and development of this publishing is outlined, ant the present status of cave book publishing in the 
U.S.A. is described. While major trade book publishers in the U.S.A. publish very few cave books, resources in the speleological 
community itself are adequate not only for publishing the relatively few new book manuscripts written on caves in the U.S.A., but 
also for publishing collections of articles, traNs/ations, and reprints of old cave books. 

Publishing books of specialized interest has never been easy. 
The initial costs of editing, typsetting, proof reading, page 
makeup, printing, binding are the same whether the edition is 
500 or 500,000 copies. This makes is hard for small presses. 
Distribution is very expensive for small publishers because almost 
all orders are individual. Advertising other than through classified 
columns in specialized newsletters is much too expensive. And 
every copy sent out for review represents a high relative cost. 
Finally, there are royalties to be paid to authors, often such a 
small total sum for small editions that some authors forego 
payment, partly because they are so pleased that their books 
are published at all. 

I have not mentioned salaries of editors and other members 
of publishing houses, for in fact there are few direct labor costs 
for most cave books published in the U.S.A. Almost all these 
books are published by non-profit groups such as state geological 
surveys, university presses, the National Speleological Society 
and its local grottos, the Cave Research Foundation, and 
individuals. If salary costs had to be figured in, there would be 
very few cave books published anywhere. 

Big trade publishers do publish some cave books, such as 
The Longest Cave by Roger W. Brucker and Richard A. Watson 
(New York: Alfred A. Knopf, 1976). Knopf did a minimal, break-even 
first printing of 7;500 copies, and the book sold only about 12,500 
copies through 1985 when it was allowed to go out of print 
because it had sold only 300 to 500 copies a year during the 
previous several years. Even here there was a personal element, 
because if Barbara Bristol, the book's editor at Knopf, had no 
kept an eye on it, the book would have been dropped several 
years earlier than it was. What I am leading to is this : You will 
agree that 300 to 500 copies a year is a big sale for a specialized 
press, and just because of this, Southern Illinois University Press 
is immediately coming out with a reprint of The Longest Cave. 
But if Knopf were to publish the sequel, The Three-Hundred Mile 
Cave, which is highly unlikely, the minimal break-even first printing 
in 1986 would have to be 10,000 or even 12,500 copies. It is 

because it took Knopf 10 years to sell taht many copies of The 
Longest Cave that it is not interested in The Three-Hundred Mile 
Cave. 

I have not surveyed the market systematically, but trade 
publishers have published only about two dozen of the several 
hundred cave books that have appeared in the U.S.A. since 1945. 
Half of these have been books on cave art. Of the other 12 that 
I have in mind, one is social history, one poetry, one a guide to 
caves one cave scienec adventure, two how to cave, two novels, 
and four exploration. These 12 books were printend in hardback, 
and only two of them remain in print in paperback editions. I do 
not know of any cave book scheduled by a trade publisher at 
the present time. 

During this 40-year period, state geological surveys have 
published as many as 50 cave books, counting field guides as 
well as cave surveys. Geological survey presses continue to be 
open to the publication of scientific studies of caves, and several 
are in press at the present time. University presses have also 
published as many as 50 cave books in the last 40 years, counting 
those having to do with cave archeology. 

This leaves as many as 200 cave books and again let me say 
taht this is my impression as editor, collector, and close observer 
of the cave book scene, I have not done a detailed survey that 
have been published by specialized presses, the National 
Speleological Society and its grottos, the cave Research 
Foundation, and individuals. 

Publication ~y individuals consists mostly of the issuing of 
their theses or dissertations as books, and ofer their work as 
local cave historians. They also publish general scientific studies 
of given caves or cave regions. I am not counting the history 
booklets or guidebooks for every commercial cave in the U.S.A., 
but most of there are also individual efforts. 

The National Speleological Society and its grottos have 
published as many as 100 books, many of them guidebooks. The 
l"-JS has published more than a dozen annual volumes extracted 
from the NSS News titled Spe/eo Digest, and several books on 
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cave science. NSS grottos publish historical and scientific 
compilations on local caves and cave areas, and also cave 
surveys. 
The Cave Research Foundation and individuals affiliated with it 

have been involved in the publishing of about 100 books. If one 
counts CRF annual reports, CRF has published about 50 books 
on its own . Then CRF members were instrumental in the Johnson 
Reprint Corporation's reprinting of five classics in speleology, and 
in editing 15 cave books in the Speleologia series of the very 
small Zephyrys Press. CRF organized its own publishing house 
in 1980, Cave Books, an effort I describe below. 

This rough survey implies something about the economics of 
publishing cave books, and this is what I am most interested in 
discussing here. Almost nobody makes money publishing cave 
books, and that includes the big trade publishers ant the authors 
of the few cave books they publish. On the other hand, almost 
nobody loses money publishing cave books. 

Let's look first at a cave book published recently by a big 
trade publisher. Trapped!, the story of Floyd Collins' death in 
Sand Cave by Robert K. Murray and Roger W. Brucker, was 
published in hardback in New York by G.P. Putnam's Sons in 
1979. The book sold for $ 12.50. Of the first printing of 7,500 
copies, about 5,000 were sold, and it was remaindered within 
the year. The Cave Research Foundation bought the remaining 
2,500 copies ans still has some for sale. University Press of 
Kentucky contracted for a paperback reprint of the book which 
is still in print. We can assume that Putnam's did not lose money 
on the book, but the could not have earned much, for the profit 
margin in publishing is one of the lowest of any business, some 
say as little as 5 %. The authors were paid a $15,000 advance 
on royalties , minus 10 % or $1,500 for their agent, and that is 
all they made off the book. Writing Trapped! took several years , 
altrough not full-time. One conclusion is that it is a good thing 
the two authors don't have to live on their earnings from writing 
cave books, because$ 6,750 does not go very far. We have been 
trying to place another cave book with New York publishers since 
1979 with no succes, although by cave books standards, Trapped! 
had a fine initial sale. Putnam's decision to dump the book may 
have had little to do with its actual potential. Big trade publishers 
push only a few of the books they publish. 

In state geological surveys and in university presses, some 
people make money from publishing cave books, but no directly. 
Almost always, individual cavers working for these organizations 
make special efforts to get them to publish cave books, but these 
people are on salaries and receive none of the income from the 
sale of the cave books. 

In the only case I know of my own where an individual was 
employed by publishers specifically to edit cave books, the 
financial motive again, to say the least, was not uppermost. I was 
editor of the Johnson Reprint Corporation Classics in Speleology 
series and of the Zaphyrus Press Speleologia Series mentioned 
above, producing a total of 20 books over a period of 10 years. 
My total cash earnings from this work was about $ 300. In effect , 
I contributed my editorial services. 

Such voluntary work contributed by individuals supports the 
publishinf of cave books by the National Speleological Society, 
its grottos, and the Cave Research Foundation . This work is a 
labor of love. My summing up at this point is that most cave 
books in the U.S.A. are published largely through the volunteer 
contributions of hundreds of individuals. They contribute because 
they want to see cave books published , and if they did not 
contribute their services, as many as 200 of the cave books 
published since 1945 would never have seen the light of day. 

Except for the two dozen or so cave books published by big 
frade publishers in New York, then, there are no real profits in 
publishing cave books in the U.S.A. The net receipts that do 
show in the book publishing efforts ot the National Speleological 
Society and the Cave Research Foundation would be wiped out 
many times over if the total real costs of publishing the books 
had to be paid . And even received prof[ts are small. CRF's Cave 
Books , with 24 titles in print , published three books in 1985 (one 
annual report , one classic reprint, and one original cave 

exploration), has about broken even during the last five years. 
About all we do is recover the operating capital necessary to 
finance the publishing of more cave books. 

I want to conclude this paper by marking a positive contribution 
to the publishing of cave books everywhere. I am extremely 
optimistic about the prospects for publishing cave books. With 
computerized typesetting and new printing techniques, 
individuals and groups making small investments can become 
publishers themeselves. They can even own much of the 
equipment needed to provide photo-ready pages for publishing. 
New printing and binding techniques continue to decrease the 
cost of producing the books. It is possible today for determined 
individuals or groups to do almost all of it themselves. 

It does take money, but not as much as you might think. 
Suppose you want to publish two to four cave books a year (after 
all, there are not a large number of manuscripts available). Here 
is how we did it in the Cave Research Foundation. In 1980, we 
wrote to about 60 of the 300 active members of CRF asking for 
contributions to establish a Cave Books publishing affiliate of 
CRF. Thirty of those people responded with contributions totalling 
nearly $11,000. We had set a goal of$ 10,000. 

Here is what you can do with $10,000 in 1986. It is enough 
to publish at least one and perhaps two books a year. A typical 
cave book might be 176 pages long and published in an edition 
of 1,000 to 1,500 copies. In the CRF operation, Cave Books pays 
for typesetting and book design, but in fact people exist in CRF 
who could do the typesething themselves by typing onto a disk 
or a tape through a word processer. And there are people in 
CRF who could do page makeup and book designing. But these 
are big jobs, and no one so far has found the time to contribute 
them. 

So we negotiate with someone like Allan Kornblum of 
Toothpaste Press, who is one of the best book designers in the 
U.S.A. Together we choose a typesetter, he makes up the pages 
and designs the book, and then together we choose a printer. 

It costs a lot of money to do small-print runs . In the U.S.A. in 
1986, it will cost$ 6,000 to$ 8,000 to publish an edition of 1,000 
copies of a 176-page cave book. Oh, of course you could do it 
for less. You could get cheaper typesetting that would look cheap, 
and you could cut costs by not using acid-free papaer, and by 
having glued bindings rather than sewn signatures. But if you 
are doing this because you love fine cave books, then you'll 
produce the best physical books you can. 

Then you 'll hope to sell enough copies in six months or a 
year to get your initial investment back so you can publish the 
next book that you 've begun work on . That's the way the Cave 
Research Foundation operates Cave Books. To keep publishing 
a book or two a year, all we have to do is break even . But we 
also hope to make a bit of money for CRF in the long run. 

I said that nobody really makes any money publishing cave 
books. This is because there are so many hidden costs that never 
come to the surface because of the immense amount of volunteer 
labor contributed to the production of cave books in the U.S.A. 
It's just not commercial, as the demise of two efforts to establish 
profit-making cave book publishingt houses has shown. 
Speleobooks in the U.S.A. and The Stalactite Press in Canada 
barely got underway before excessive costs forced them to stop 
publishing . 

So despite the understandable caution and disinterest of 
commercial publishers, the publishing of cave books has 
flourished since 1945. Such specialized publishing will never be 
big businnes, and it will never be centralized . This is as well, 
because none of the publishing situations I describe here could 
ever handle the publishing of more than small editions of a few 
cave books a year. The big trade publishers will continue to take 
a cave book every two or three years, but most cave books will 
be published through the individual efforts of cave book lovers 
like you and me. I prefer it that way. Cavers are very individualistic, 
and cave books are not for everybody. The variety that is now 
available is very exciting and satisfying. With a little ingenuity, a 
modest amount of money, and a lot of time, anybody who wants 
to publish a cave book can do so. 
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La speleo-philatelie au service de la speleologie 

Jacques Chabert 
Speleo-Club de Paris (Club a/pin frani;;ais) 

RESUM 

L 'espeleo-filate/ia va neixer /'any 1960 amb la publicaci6 d'un article de P. Strinati i V. Aellen a Jes Rassegna Spe/eo/ogica 
ltaliana. Mes endavant aquesta nova disciplina va esser reglamentada i compta, actua/ment, amb un butlletf editat per Jan Paul Van 
der Pas (Paisos Baixos), passant d 'aquesta manera a ocupar el /Joe que mereix al costat d'altres disciplines cultura/s de/ m6n de 
Jes cavernes (historia, literatura, cinema de ficci6, art, etc.). 

Tractant-se d 'una activitat eminentment internacional, /'espe/eo-filatelia ha permes d'assabentar a mo/ta gent de cavitats i regions 
ca.rstiques desconegudes. Element d 'ava/uaci6 de la importa.ncia de Jes coves en el patrimoni turfstic de/s estats, contribueix a la 
divulgaci6 d'una imatge mes assequible de /'espe/eo/ogia. L 'autor intenta cridar l'atenci6 de/s espe/eo/egs envers J'interes que pot 
arribar a desvetllar l'emissi6 de segells postals en els respectius paisos. 

RESUMEN 

La espe/eo-fi/ate/ia naci6 en 1960 con la publicaci6n de un artfculo de P. Strinati y V. Aellen en las Rassegna Spe/eo/ogica 
Jtaliana. Despues esta disciplina fue estructurada y dispone actua/mente de un boletfn editado por Jean Paul Van der Pas (Pays-Bas). 
En lo sucesivo ocupa un lugar al /ado de tres diversas disciplinas culturales def mundo de las cavernas historia, Jiteratura, cine de 
ficci6n, artes, etc ... 

Actividad esencia/mente internacional; la espe/eo-filatelia ha permitido descubrir cavidades y regiones karsticas desconocidas. 
Elemento de eva/uaci6n de la importancia de las cuevas en el patrimonio turfstico de /os Estados, contribuye a divulgar una cierta 
imagen real de la espe/eo/ogfa. El autor quiere /Jamar la atenci6n de los espele6/ogos sobre el interes que puede eventualmente 
presentar la emisi6n de sel/os-postal en sus paises. 

RESUME 

La speleo-philatelie est nee en 1960 avec la publication d 'un article de P. Strinati et V. Aellen dans Jes Rassegna Speleologica 
ltaliana. Depuis cette discipline s 'est structuree et dispose actuellement d'un bulletin edite par Jan Paul Van der Pas (Pays-Bas). 
Elle occupe desormais une place aux cotes des diverses autres approches culture/Jes du monde des cavernes histoire, litterature, 
cinema de fiction, arts, etc. 

Activite essentiellement internationale; la speleo-philatelie a permis la decouverte de cavites et de regions karstiques meconnues. 
Element d'evaluation de /'importance des grottes dans le patrimoine touristique des Etats, el/e contribue a divulguer una certaine 
image de la speleologie. L 'auteur veut attirer /'attention des speleologues sur l'interet que peut eventuellement presenter /'emission 
de timbres-paste dans /eur pays. 

Cet article a pour but d'attirer !'attention du public speleologi
que sur une activite actuellement limitee a quelques dizaines de 
personnes dans le monde entier, la spe/eo-philatelie. 

Cette discipline a consiste a l'origine a collectionner les timbres 
representant l'interieur ou l'exterieur des cavernes. C'est le parti 
pris par Villy Aellen et Pierre Strinati dans !'article tres documente 
qu'ils firent paraitre dans Rassegna Speleologica ltaliana en 1960 
et qui est generalement considere comme marquant la naissance 
de la speleo-philatelie en tant que telle. Depuis le sujet s'est tres 
largement etendu, chacun pouvant choisir sa collection selon ses 
int ere ts propres .. . ou ses moyens financiers . On peut y englober 
les mineraux des cavernes, les animaux souterrains (notamment 
les chauves-souris ... ), les ponts naturels, les speleologues et au
tres decouvreurs de grottes, les paysages karstiques, les cavites 
artificielles au les cavernes imaginaires (dans la litterature et les 
arts), la prehistoire et la palentologie souterraines, l'art rupestre, 
voire meme l'alpinisme quand les timbres montrent des techni
ques utilisees sous terre. 

Par ailleurs certains speleo-philatelistes ne se sont pas limites 
aux seuls timbre-poste, mais ont agrandi le champ de leurs investi
gations aux autres domaines de collection: les enveloppes «Pre
mier Joun> (First Day Cover), aux «entiers postaux», aux maxi
cartes, etc, mais surtout aux flammes d'obliteration beaucoup 
plus nombreuses dans certains pays (la France, par exemple) 
que les timbres, et souvent beaucoup plus difficiles a trouver, 
ce qui, chez le collectionneur ne, exacerbe le gout de la recherche. 

En dehors de ses caracteristiques etroitement philateliques, 
cette activite constitue un moyen Ires anecdotique, mais efficace 
de connaissance du monde souterrain a !'echelon planetire. Car . 
les cas ne sont pas rares ou les administrations postales ont 
precede la communaute speleologique internationale et ont ainsi 
permis de decouvrir des cavites meconnues ou totalement igno-

rees. On pourrait citer, entre autres, les grottes des iles du Pacifi
que (Niue, Tonga, Pitcairn, ... ) ou du desert du Kalahari (Botswana). 
Les speleo-philatelistes ne se contentent pas d'acquerir les vignet
tes postales pour les enfermer dans leurs precieux albums; ils 
ont toujours cherche a obtenir le plus de renseignements possi
bles sur les sujets representes . C'est ainsi que de veritables 
etudes ont ete menees pour tirer au clair certains points obscurs. 
Des speleo-philatelistes ont meme ete amenes a entreprendre 
des voyages pour verifier des informations sur place. Nous pen
sons en particulier a William Halliday visitant la grotte de Mangap
wani a Zanzibar, mais cet exemple n'est pas unique. 

Actuellement, grace aux efforts constants de Jan Paul Van 
der Pas (Vauwerhofweg 3, 6333 CB Schimmert, Pays-Bas), les 
speleo-philatelistes disposent, depuis 1981, d'un organe de diffu
sion periodique, The Speleo Stamp Collector, dans lequel les 
collectionneurs sont avertis de la sortie de toutes les nouveautes. 
Y sont publies des articles sur les divers sites et sujets represen
tes sur des objets postaux. Un texte de Jan Paul Van der Pas 
paru dans ce bulletin en mars 1984 (N° 15) retrace l'historique 
de cette discipline en donnant les noms de ceux qui, des Britanni
ques Kay et Ray Mansfield a !'Allemand Johan Van Soeren, en 
passant par les Australiens Ross Ellis et Elery Hamilton Smith ou 
l'ltalienne Anna Potenza, en ont marque le developpement. Et 
bien d 'autres noms devraient etre ajoutes a la selection presentee 
ici. 

Vers !'emission de timbres-poste 

La philatelie peut-etre utilisee comme un moyen de divulguer 
une certaine image de marque de la speleologie aupres d'un 
large public a l'interieur d'un pays donne. Certains speleologues 
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sont parvenus a faire editer des timbres chez eux; d'autres encore, 
ii taut' aussi le dire, ont echoue dans leur tentative .. . Parmi les 
reussites , citons la belle serie sur le 30eme anniversaire de la 
Sociedad Espeleologica de Cuba (1970) ou se devine !'influence 
de Antonio Nunez Jimenez et, non loin de la, les timbres venezue
liens sur la Cueva de Guacharo et les gouffres du plateau de 
Sarisariiiama, succes redevable a Eugenio de Bellard Pietri (1981). 

Actuellement les speleologues franc;:ais regroupes autour de 
Lucien Gratte, redacteur de Spelunca, organe de la Federation 
franc;:aise de speleologie, s'efforcent de conveinae les P.T.T. 
d'emettre un timbre en l'honneur de Edouard-Alfred Martel (1859-
1938), le grand pionnier de la speleologie. Mais la partie n'est 
pas gagnee d'avance. 

Signalons qu 'une telle initiative ne peut s'inscrire que dans 
le cadre d'une politique souhaitee par !'ensemble des speleolo
gues du pays concerne. Parfois les soucis de protection du patri
moine souterrain peuvent faire prevaloir la discretion. 

Pour une commission «Speleologie et Culture» au sein de 
l'U.I.S. 

Pour ce 9eme congres international de speleologie, les quel
ques communications se rapportant a des themes divers dont le 
denominateur commun est l'homme dans ses activites culturelles 
liees au monde des cavernes, se retrouveront sans doute classees 
dans la section «Documentation». Mais reduire par exemple l'histoi
re de la speleologie a son aspect «documentaire», c 'est la mutiler 
de plusieurs de ses composantes. En tout cas ce n'est pas un 
moyen de stimuler les recherches dans ce domaine a un moment 
ou, ayant largement depasse le siecle d'existence officieuse, le 
mouvement speleologique a besoin de cette memoire vivante 
que constitue le travail des historiens avant que ne disparaissent 
des donnees essentielles. 

II serait done souhaitable qu'au sein de !'Union internationale 
de speleologie una commission specialisee soit creee qui prenne 
en compte tous ces aspects actuellement marginaux, ou plus 
precisement marginalises: l'histoire, comme nous le disions plus 
haut, mais aussi les autres sciences humaines, la litterature, le 
cinema de fiction, les arts en general , les collections (bibliophilie, 
philatelie, .. . ), etc. Le titre de cette commission pourrait etre «Spe
leologie et Culture». Quelle que soit la denomination retenue, ii 
y a la tout un vaste domaine multiforme dont l'essor pourrait 
profiter a !'ensemble de la collectivite speleologique. 
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El «Centre de documentaci6 Espeleologica». Principals caracteristiques 
sistematica de treball, com exemple practic d'organitzaci6 

espeleobibliografica 

RESUM 

Montserrat Ubach i Tarres 
Jordi L/oret i Prieto 

«Centre de Documentaci6 Espeleologica» (Barcelona) (1) 

S'exposen Jes particu/aritats mes significatives de/ C. D. E. i de la seva sistematica de treba/1, com exemp/e practic d 'activitat 
i organitzacio documental i bibliografica. 

Definicio def C. D. E. Objectius basics i addicionals. Serveis complementaris. Membres fundadors i intersociabilitat. Estructura 
i responsabilitat dels seus membres. ldioma de la «Bibliografia Espeleo/ogica Hispanica1J. Re/acio amb la Unio Internacional d'Espeleolo
gia i de la Federacio Espanyo/a d 'Espe/eo/ogia. Sistematica a seguir en cada numero de la revista . Principals activitats desenvolupades 
pet C. D. E. 

En els 5 numeros de B. E. H. corresponents al perfode 1978-1982 s 'han publicat 3.119 referencies bibliografiques amb el seu 
corresponent resum, ordenades i c/assificades, mentre que prop de 1.500 estan actualment en preparacio per esser inc/oses en els 
proxims numeros (1983-1985). 

RESUMEN 

Se exponen las particularidades mas significativas def C. D. E. y de su sistematica de trabajo, como ejemplo practico de 
actividad y organizacion documental y bibliografica. 

Definicion def C. D. E. Objetivos basicos y adiciona/es. Servicios complementarios. Miembros fundadores e intersociabilidad. 
Estructura y responsabilidad de sus miembros. ldioma de «Bibliografia Espe/eo/ogica Hispanica>>. Relacion con la Union internaciona/ 
de Espeleologfa y la Federacion Espanola de Espelologfa. Sistematica a seguir en cada numero de la revista. Principales actividades 
desarrol/adas por el C. D. E. 

En /os 5 numeros de B. E. H. correspondientes al perfodo 1978-1982 se han publicado 3.119 referencias bibliograficas con su 
correspondiente resumen, ordenadas y c/asificadas, mientras que cerca de 1.500 se encuentran actualmente en preparacion para 
ser inclufdas en /os proximos numeros (1983- 1985). 

SUMMARY 

The most important particularities of the C. D. E. and its working methods are being explanied, as an example of activity and 
documentary and bibliographical organization. 

Definition of the C. D. E. Basic and additional objetives. Additional services. Founders and participants. Structure and responsability 
of its members. Language of the «Hispanic speleological bibliographyJ>. Relation with the International Union of Speleology and the 
Spanish Federation of Speleology. System to be followed for each magazine number. Main activites developed by the C. D. E. 

In the 5 numbers of B. E. H corresponding to the 1978-1982 period, 3.119 bibliographical articles have been published with the 
corresponding summary, while 1.500 are being prepared and will be enclosed in the next numbers (1983-1985). 

El Centre de Documentaci6 Espeleologica 
Definici6 

El C. 0 . E. es una entitat legalment constitu'fda el 1979 sota 
la legislaci6 espanyola aleshores vigent , posteriorment inscrita en 
la «Direcci6 General d'Associacions i fundacions de la Generalitat 
de Catalunya». Sense caracter lucratiu, compta solament com a 
t.'mics recurses economics amb els que procedeixen de les seves 
activitats i de la lliure aportaci6 dels seus membres. Aquests 
recurses es dediquen fntegrament a la BIBLIOGRAFIA ESPELEO
L6GICA HISPANICA, a altres publicacions de possible interes i 
als serveis que ofereix, propis d'un Centre de Documentaci6. 

Objectiu Basic 

Recopilaci6 , ordenaci6 y difusi6 de la BIBLIOGRAFIA ESPE
LEOL6GICA HISPANICA. Es definiex com a tal el conjunt de 
publicacions editades a Espanya i les estrangeres referides a la 
nostra espeleologia i carst, independentment de la forma de 
presentaci6 escrita (llibres, revistes , notes de premsa, etc.) i 
interes potencial. 

La difusi6 d'aquesta compilaci6 ordenada es realitza per dos 
camins diferents, pero complementaris : 

- Edici6 anual d 'una revista, BIBLIOGRAFIA ESPELEOL6GICA 
HISPANICA, que recull , per anualitats venc;:udes, aquesta biblio
grafia, en forma de fitxes normalitzades i classificades, acompan
yades cada una d 'elles d'un breu resum del contingut dels treballs 
a que corresponen. 

- Subministrament, previa comanda, de fotocopies dels arti
cles inventariats i publicats a la B.E. H. 

Altres objectius addicionals 

Publicaci6 aperiodica, mitjanc;:ant la SERIE DE DIVULGA
Cl6-2.000 de: 

- Treballs d 'interes espeleologic global, realitzats per entitats 
o particulars sense capacitat editoria propia. 

- Traduccions d 'obres estrangeres. 
- Reedicions de publicacions esgotades, etc. 
Aixo serveix tambe, almenys teoricament , com a sistema d 'au

tofinanc;:ament 
El C. D. E., pero, no esta actualment en condicions d'oferir 
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resolucions de consultes relatives a bibliografia anterior al seu 
primer any de compilaci6 (1978); a documentaci6 inedita o aliena 
al seu camp d 'actuaci6, ni informaci6 espeleologica general , que 
en aquest cas concret correspondria a altres organitzacions espe
leologiques: Federaci6, Escoles, etc. 

Serveis complementaris 

El C. D. E. es coordina amb la comissi6 de Bibliografia de la 
U. I. S. i forma part de la seva xarxa de Biblioteques nacionals. 
Amb la d 'Austria, Frarn;:a, Surssa, Alemanya, Italia, Jap6, E. U. A. 
Belgica, Venec;:uela i lugoslavia, ofereix un servei de fotocopies 
a nivell internacional. 

Membres fundadors i intersociabilitat 

El C. D. E. va ser creat a finals del 1978 per espeleolegs de 
diferents clubs barcelonins, davant la preocupaci6 comu pels 
seguents aspectes: 

- lmportancia de la Comunicaci6 en qualsevol faceta humana, 
incloent l'espeleologia i disciplines afins. 

- Paper rellevant que juga en ella la Bibliografia. 
- lngent i desordenat velum de dades que compren, amb 

marcada tendencia e incrementarse. 
- I, consequentment , l'interes de la seva classificaci6 i difusi6 

organitzada. Tot aixo va fer veure la necessitat d 'un servei d 'orde
n:;ir.io v divulaaci6 biblioarafica a nivell de tot l'Estat Esoanyol. 

l'organ gestor, coordinador i directiu de l'Entitat. No obstant, per 
a millorar la seva tasca i perque el C. D. E. integres tots aquells 
espeleolegs identificats amb el tema bibliografic , es va organitzar 
el treball entre una xarxa de col.laboradors de tot l'estat: · Amb 
ells es mantenen esporadicament entrevistes consultives (espe
cialment en les primeres fases de creaci6 i consolidaci6 estructu
ral) i d 'allo que fa referencia a les seves respectives responsabili
tats . 

Estructura i responsabilitats 

- El conjunt dels seus membres fundadors , als que, en gene
ral i per abreujar, anomenarem «CDE» 0 «Consell de Redacci6» i 
que assumeix les funcions de: 

Manteniment de l'Organitzaci6, coordinaci6 i direcci6. 
Contactes amb l'UIS, FEE, l'Administraci6 i Clubs. 
Administraci6 i altres aspectes auxiliars i d'ordre intern. 
Confecci6 dels inventaris bibliografics per anualitats. 
Organitzaci6 i control de la xarxa de corresponsals i demes 

col.laboradors, per a l'ampliaci6 dels inventaris i altres tasques. 
. Confecci6 de la major part de fitxes bibliografiques i correc

ci6 de las aliener. 
. Ordenaci6 i classificaci6 de les mateixes 
. Redacci6 , mecanografia, compaginaci6 , edici6, financiaci6 i 

distribuci6 de B. E. H. 

nal 

Manteniment, ampliaci6 i ordenaci6 del fons bibliografic. 
Manteniment del Servei de Fotocopies, nacional i internacio-

Coordinaci6 de bescanvis estrangers, subscritors, compra: 
dors, etc. 

. Altres aspectes secundaris. 
- Els corresponsals , que constitueixen la principal punta de 

llanc;:a periferica i que es responsabilitzen , en els seus correspo
nents ambits geografics o especialitats de: 

. Cumplimentaci6 dels inventaris bibliografics que un cop l'any 
els hi tramet C. D. E. per la seva ampliaci6 . 

. Obtenci6 i tramesa de publicacions que el CDE, no havent 
pogut obtenir-les directament de l'editor o per altres mitjans, els 
hi sol.licit i. 

Confecci6, en alguns cases, de fitxes bibliografiques. 
Proporcionar al CDE les notes de premsa de tematica espe-

leologica que vagin apareixent als periodics locals o regionals , 
aixi com articles publicats a revistes no especialitzades. 

. Representaci6 del C. D. E. en els seus respectius ambients 
ozones . 

. Col.lal;:loraci6 en altres aspectes quan s'els hi sol.licita. 
Addicionalment, cal esmentar la descentralitzaci6 de BESCAN

VIS amb grups estrangers a carrec, actualment, del corresponsal 
del CDE a Madrid. 

- Assessors : Personalitats de reconeguda rellevancia dins 
l'espeleologia cientifica o aplicada espanyola, ales que es consul
ta en determinades conjuntures. 

- Col·laboradors habituals: Corrector de Catala, Conseller juri
dic, algun col.laborador destacat i autors de fitxes aliens al «Con
sell de Redacci6». 

- Particulars i entitats col.laboradores: en general, subminis
tradores de publicacions al fons bibliografic. 

ldioma de la B. E. H 

L'idioma oficial de Bibliografia Espeleologica Hispanica es el 
catala. No obstant, el fet que, si be editat a Catalunya a iniciatives 
d 'espeleolegs catalans, vingui a resoldre un problema d 'informa
ci6 existent enlla de les nostres fronteres i que tambe, en part, 
degui la seva aparici6 a la col.laboraci6 d 'espeleolegs de tot 
l'Estat Espanyol , ha portat a adoptar les seguentes mides de 
bilinguisme en el seu contingut: 

- Acompanyar tots el textos generals en catala (editorial , 
titols, indexs, etc), de les seves corresponents traduccions en cas
tella . 

- Publicar els resums bibliografics en el mateix idioma en el 
qual s'hagin escrit els treballs a que fan referencia: castella, 
catala, gallec, euskera, etc. Els idiomes estrangers es resumeixen 
en castella. 

- lncloure, addicionalment, al catala i al castella, traduccions 
a !'angles i al trances en apartats determinats de la revista, com 
per exemple les informacions que fan referencia al Servei de Foto
copies. 

Relacio amb la Unio Internacional d'Espeleologia i la 
Federacio Espanola 

Segons amb L'U. I. S., el CDE va passar a esser, des del 
moment de la seva creaci6 , la representaci6 oficial espanyola de 
la Comissi6 de Bibliografia de la Uni6 internacional d'Espeleologia. 
Quant a la seva relaci6 amb la Federaci6 Espanyola d'Espeleolo
gia cal destacar dues importants en la seva trajectoria: 

1 . Col.laboraci6 de la FEE amb el CDE des del moment de 
la publicaci6 del n.0 1 de Bibliografia Espeleologica Hispanica 
(1978), patrocinant la seva distribuci6 graturta a tots els grups 
federats de l'Estat Espanyol. 

Aquesta col.laboraci6, que s'ha anat mantenint al llarg dels 
anys, s'oficialitza el gener del 1983. 

2. Acord CDE-FEE (17.1.83). En un document distriburt en el 
n.0 4 de BEH, s'estableixen, entre d 'altres, els seguents punts: 

. El CDE passa a ser l'ASSESSORIA BIBLIOGRAFICA de la 
F. E. E. i a la vegada, el seu portaveu davant l'UISS en allo que 
fa referencia als temes documentals. 

. El CDE, nascut independent, mante la seva identitat i autono
mia i la FEE no interve en el seu funcionament intern. 

. La FEE garanteix que continuara patrocinant la distribuci6 
gratuna de Bibliografia Espeleologica Hispanica a tots els grups 
espeleologics federats i a les seves corresponents federacions . 

Sistematica de treball en la confeccio de cada numero 
de BEH 

- Recepci6 de publicacions i registre d'entrada a la Biblioteca, 
segons els seguents criteris : 

Les ja incloses en anteriors numeros de BEH 
. Les que no procedeix el seu inventari (estrangeres sense 
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referencia a Espanya o espanyoles sense contingut espeleolo
gic) . 

. Les que han de ser inventariadas i publicades en el proper 
o proxims numeros de BEH, tot incloent-hi aquelles d'anys ante
riors omeses en el seu moment 

- Confecci6 a primers d'any, d 'una RELACl6 DE PUBLICA
CIONS APAREGUDES L'ANY ANTERIOR, classificades per origen 
editorial (catalanes, resta d'Espanya i estrangers). 

- Distribuci6 d'aquesta RELACl6 entre la xarxa de Correspon
sals, els quals disposaran d 'un termini de varies mesos per a 
tornar-la al COE, despres d 'haver-hi afegit les publicacions que 
no hi figurin i que ells coneguin i puguin obtenir. 

Mentrestant, el COE ja ha iniciat l'extensi6 manual de Jes 
FITXES BIBLIOGRAFIQUES corresponents als articles que conte
nen les publicacions entrades a la Biblioteca, segons un formulari 
estandaritzat que recull , basicament: 

. REFERENCIA BIBLIOGRAFICA ajustada a una estricta nor
mativa . 

. RESUM, totalment objectiu i amb un contingut correcte i 
raonable en funci6 de les caracteristiques de !'article en qUes
tio. 

- Recepci6 de les «Relacions de publicacions» ja complimen
tades pels Corresponsals o altres fonts . Obtenci6 de les publica
cions indicades pels Corresponsals que no apareixien en la relaci6 
i constant manteniment de la mateixa. 

Segueixen els treballs de redacci6 de FITXES i control de les 
que es reben confeccionades per col ·laboradors aliens al «Consell 
de Redacci6», per a procedir, sincronicament a: 

Correci6 lingUfstica de les fitxes realitzades a ma . 
. Extensi6 mecanografica i correcci6. 
. Classificaci6 tematica i subtematica, segons els apartats i 

subapartats en que el COE ha dividit tot aquest potencial biblio
grafic. 

- Ja en l'ultim ten;: de l'any, es procedeix a «tancar» el proces 
d'admissi6 de noves FITXES. Es realitza la seva classificaci6 
definitiva i, una vegada finalitzat tot el proces mecanografiat de 
les fitxes, s'afectuen els darrers passos: 

Confecci6 i correci6 dels fNDEXS (TEMATIC, ALFABf:TIC 
D'AUTORS, ALFABETIC DE PUBLICACIONS, GEOGRAFIC I GE
NERAL). 

. Compaginaci6 de les fitxes mecanografiades i de la resta 
del contingut de la revista. 

Fotocopies de !'original redun, distribuci6 entre els membres 
del «Consell de Redacci6» i ultima correci6 abans d 'entregar aim
premta. 

S'entrega a impremta !'original acabat, a punt de ser repro
dun pel sistema «offset». 

Distribuci6 de la revista . 

Activitats desenvolupades 

El punt de partida del COE es situa en la bibliografia correspo
nent al 1978. Amb cine numeros de BIBLIOGRAFIA ESPELEOLQ
GICA HISPANICA fins ara publicats, s'abrac;:a fins el 1982. Actual
ment (desembre 1985) es troben en preparaci6 dos numeros 
nous, corresponents a 1983 i 1984. A partir de gener de 1986, 
d 'acord amb la planificaci6 descrita, hauran d 'iniciar-se treballs 
de la bibliografia de 1985. 

El balanc;: d 'aquests cine numeros apareguts, incloent les omis
sions recollides en cada un dels apartats «Publicacions no resen
yades en anteriors numeros de B. E. H.» es el segUent: 

1978: 644 articles 
1979: 860 articles 
1980: 575 articles 
1981 : 585 articles 
1982: 455 articles 
A part de la seva activitat en allo que fa referencia al Servei 

de fotocopies , cal citar les segUents tasques desenvolupades 
pel C. D. E.: 

. Publicaci6 del llibre, tradun al castella , «La Espeleologfa Verti
cal» de Mike Meredith . 

Atencio a mes de 1/2 centenar de consultes espeleologiques 
satisfetes per un teoricament inexistent Servei d'informaci6 gene
ral. 

. Presencia en determinats actes intersocials . 

. Organitzaci6 d 'activitats relatives al camp de la documenta
ci6 con el «Cicle de Conferencies sobre la Historia de l'Espeleolo
gia Catalana» dins del mare del Primer Congres Catala d'Espeleo
logia», etc. 

(1) Representaci6 espanyola de la Comissi6 . de !3ibliografia de la Un_i6 
Internacional d 'Espeleologia. Assessona B1bl!ograf1ca de la Federac,o 
Espanyola d'Espeleologia. 

253 
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CAVIDADES, EXPLORACIONES, CATASTRO 
CAVITIES, EXPLORATION, CENSUS 

15185 

International Speleological expeditions in Yugoslavia, in 1984 and 1985 

Mladen Garasi6 

RESUM 

L 'expedici6 internacional «Kamensko 8411 va ser organitzada a Croa.cia (lugos/a.via) el 1984. En ells hi van participar espeleogis 
de Gran Bretanya, Franr;a, EE.UU. i /ugos/a.via. Resultats: 31 naves cavitats amb un total de 7 Km. de recorregut, 11 sifons bussats 
amb una longitud de 1.800 m., 4,5 hares de filmaci6, etc. Responsab/e: M. Garasi6, Dr. i T. Kovacevic, ing. dip/. 

L 'expedici6 internacional «Durmitor 85», organitzada tambe a lugosla.via, hi van participar espeleolegs de Gran Bretanya, Franr;a, 
Polonia i lugos/a.via. Resultats: 21 naves cavitats, l'avenc mes profund de lugosla.via, de 898 m. i d'altres de 605 m., 464 m., 461 
m., etc. A/guns encara continuen. Responsab/es: M. Liesevi6, Dr. i M. Garasi6, Dr. 

S'explicara. com es duen a terme /es expedicions espeleologiques a /es zones ca.rstiques iugoslaves, on adrer;ar-se per a obtenir 
la informaci6 necessa.ria (permissos, mapes, guies), etc. 

RESUMEN 

La expedici6n internacional «Kamensko 84» fue organizada en Yugoslavia (Croacia) en 1984. En el/a participaron espe/e6/ogos 
de Gran Bretana, Francia, EEUU y Yugoslavia. Resultados: 31 nuevas cavidades con 7 km. de recorrido, 11 sifones buceados con 
una Jongitud total de 1.800 m., 4,5 horas de filmaci6n, etc. Responsab/e: M. Garasi6, Dr. y T. Kovacesi6, ing. dip/. 

La expedici6n internacional «Durmitor 85» fue organizada en Yugoslavia en 1985 yen el/a participaron espe/e6/ogos de Gran 
Bretana, Francia, Polonia y Yugoslavia. Resultados: 21 nuevas cavidades, la cima mas profunda de Yugoslavia, con 898 metros y 
otras con 605 metros, 464 m., 461 m., etc. Muchas de el/as continuan. Responsab/es: M. Ljesevi6, Dr. y M. Garasi6, Dr. 

Se explicara coma pueden realizarse expediciones espeo/6gicas en las zonas karsticas yugoslavas, con direcciones a las que 
escribir para obtener la informaci6n necesaria (permisos, mapas, gufas, etc.). 

SUMMARY 

In 1984 in Yugoslavia (Croatia) it was organised international speleological expedition «Kamensko 84» with members from Great 
Britain, France, USA and Yugoslavia. Results: 31 new cases, 11 dived syphons total length 1800 meters, 7 km of caves, 4,5 hours 
of film material etc. Leader: M. Garasi6, dr. T. Kovacevf, dip/. ing. 

In 1985 in Yugoslavia (Crna Gora) it was organised international speleoelogical expedition «Durmitor 85» with members from 
Great Britain, France, Poland and Yugoslavia. Results: 21 new caves, the deepest cave in Yugoslavia 898 meters, than 605 meter, 
464, 461 etc. Deep caves is going on. Leaders: M. Lejesevi6, dr. and M. Garasi6, dr. 

It will be described how the strangers can make speleological explorations in Yugoslavian Karst area, with addresses on which 
they can write to get informations for that (permissions, maps, guide, etc). 

In the last years, speleological activity in the whole world was 
very notable, because of the hasty progress of projecting, 
constructing and workmanship of the caving equipment. Better 
communications among some speleological societies and the 
better speleological knowledge of the individuals and caving clubs 
also caused that significant speleological activity. 

Some «speleological nations», which have allready explored 
their territories, have organized speleological expeditions in the 
distant and atractive regions, particulary tropic southamerican, 
centralamerican, african and asian countries, where they explore 
unknown underground. Most of the countries have very poorly 
developed speleology, thus foreign cavers can have real 
researching work. 

In Europe, the situation is different. We can say that the most 
of the karst areas in Europe are profoundly researched, so we 
can hardly find longer of deeper speleological objects (caves and 
pits). It is a well known fact that the most speleological 
expeditions, from other countries, are organized in Spain, Austria, 
Italy, Greece and Turkey, where speleologist look for deep, long 

and atractive caves. In personal contacts with these cavers I 
came to a conclusion that they were interested for the 
foreignspelunkers researches, but those expeditions are, 
sometimes, spontaneously organized so they had more damage 
than usefulness. 

In Yugoslavia that situation is regulated with · the Science 
Researches Law from 1972, 1976, and 1979, in which are also 
regulated the foreign speleological expeditions in Yuyoslavia. 
Yugoslavia is a classical karst country. We have here developed 
Dinara Karst System, in which over 15.000 caves and shafts are 
explored, and we have also very strong and developed 
speleological organization. We presume that only 35 % of 
Yugoslav karst area is explored. Obviously it is a target of foreign 
spelunkers, but following the Science Researches Law, they must 
ask the permission from the proper authorities, they must address 
the speleological organization in charge of particular republic 
(there are six of them in Yugoslavia), and they have to take with 
them a certain number of yugoslav cavers -guides. 

Yugoslav cavers have, so far, organized relatively small 
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number of expeditions in other countries, because they have 
many unexplored regions in their own country. Let us mention 
some of the expeditions with yugoslav members and 
organisations: 1971. Madagascar, 1975, Austria, 1976. 
Switzerland, 1977. Great Britain, 1979. New Guinea, 1980. 
Indonesia, 1981. USA, 1982. France, 1983. Marocco, 1984. 
Algeria. 

Figure 1. Official sign for International speleologial expedition «Kamensko 84». 

To show the possibilities of the speleological researches in 
Yugoslavia, members of Society for researching, surveying and 
photography of karst phenomena (DISKF) from Zagreb organized 
in 1984. International Speleological Expedition «Kamensko 84», on 
the territory of Croatia (Lika, Kordun, Gorsky kotar) The cavers 
from Great Britain, France and USA also took part in this 
expedition. During twelve days of researches, 31 caves and shafts 
were found and explored, over 7,5 km of cave channels were 
surveyed, 11 syphons were dived through (the deepest among 
them was 44 metres deep), over 4,5 hours of 16 mm film was 
filmed etc. Leader of the expedition was dr Mladen Garasic, and 
egg. Tihomir Kovacevic was organizing leader. Except some 
technical data, validity of this expedition was because of mutual 
field work that created friendship that is valuable for further 
researches. The foreign cavers were amazed by untouched nature 

IIUGOSLAVWA 
Figure 2. Official sign for International speleological expedition «Kamensko 84». 

and unexplored terrains of yugoslav karst (which is situated in 
Europe -thus there is no need for large trip expenses for european 
cavers). After getting all necessary permissions, foreign cavers 
will find real speleological «El OoradOJJ -large number of caves 
in the relatively small terrain. 

In August 1985. cavers from Zagreb (DISKF), Niksic, Belgrade, 
Pazin, Sarajevo, Va/jevo, Ribnica, etc. organized the Second 
International Speleological Expedition «Durmitor 85», on the 
territory of Crna Gora (Monte Negro), on the mountain Durmitor. 
The speleologists from Great Britain, France and Poland also took 
part in this expedition. On that occasion 21 caves and shafts 
were explored, 897,5 m was the deepest among them (and wasn't 
explored all the way through), following the caves of 605,464 and 
461 metres. Leader of this expedition was dr Milutin Ljesevic, 
and dr. Mladen Garasic was deputy leader. On the mountain 
Durmitor we confirmed the assumption that we can expect not 
only numerous but also deep speleological objects in 
Yugoslavia. 

All the foreign cavers, participants of the «Kamensko 84JJ and 
«Durmitor 85JJ expeditions, stated that they would come again in 
Yugoslavia, on further researches. Unfortunatelly, the activity of 
some foreign spelunkers who come to research yugoslav caves 
and shafts «illegalyJJ is very well known to yugoslav cavers. That 
way, they risk to lose all their equipment, according to the 
yugoslav law. For example 1984. cavers from Poland were on the 
Mount Ourmitor, in 1984. and 1985 cavers from Czechoslovakia 
were on the mount Biokovo, 1985. Hungarian cavers were on the 
island Brae and so on. Some of them repeated the caves that 
were al/ready explored -they didn't know it. If they have consulted 
domestic cavers they would be provided with all neccessary 
informations and with all permissions (licences) for their 
researchings. 

SPEL.~ 
0( \ 

o"'~\ 
.,,_ ' 

EKSPEDICllA ~) 
»DURMITOR '85« 

Figure 3. Official sign for International speleological expedition •Durmitor 85». 

All the speleologist who wish to organize expeditions in 
Yugoslavia can address some of the speleological organizations 
in Yugoslavia (in charge of particular republic), or they can address 
personaly the author of this article (M.G. Nova Ves 73 a, YU 
-41000 Zagreb) who will give them all the necessary details. It 
is necessary to send all the necessary details at least few months 
before the expedition (name of the participants, date and the 
terrain where the expedition will hold, target of the expedition, 
etc.). 
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1°1gure 4. In two International speleological expeditions 52 caves and shafts were 
explored. Plenty of them are with strong water flows. 

Conclusion 

In Yugoslavia it is possible to organize the speleological 
expeditions after getting all the necessary permissions for the 
researches on the particular terrain . In that expeditions it is 
necessary to have the yugoslav members guides. 

Following the Yugoslav Law, foreign cavers found in 
researchings on yugoslav terrain , without licence, would lose all 
their equipment and would accept consequences according the 
Law. It is also refers to all divings in the caves by the sea shores, 
by the lake shores, by the river banks etc. 

During 1984. and 1985. expeditions «Kamer:,sko 84» and 
«Durmitor 85» were organized. They had international character, 
so the foreign cavers could see the advantages of mutual work 
and also could see yugoslav speleological capability. On that 
ocassions, 52 caves and shafts were explored (new caves) . 897, 
5 metres was the deepest, near ten kilometres was the longest, 
11 siphons were dived through, films were filmed etc. On these 
expeditions participated the cavers from Great Britain, France, 
USA, Poland and Yugoslavia. 

Only with organized work we can hit the target - explore as 
much caves and shafts as we can, no matter in which country, 
with remark that work must be useful and getable to all interested 
speleological organizations. 

Figure 5. The deepest shaft found on these expeditions 1s 897,5 metres deep called 
Jamana na Vje trenim brdima, on Durmitor, and potential are 1750 metres of depth. 

Literature 

ANTONOVIC, N. 1984. Medunarodna speleoloska ekspedicija «Ka
mensko 84» u nasem kraju. lstrazivanja najduze spilje u Hrvats
koj . Slunjski tokovi , vol. IX, br. 65, str. 3, 8/84, Slunj . 

CRNJAKOVIC, M. 1984. U carstvu krsa. Ekspedicija «Kamensko 
84». Arena, br. 1240, str. 24-25, Zagreb. 

CRNJAKOVIC, M. 1984. Smrtonosni sifoni . Medunarodna speleo
loska ekspedicija «Kamensko 84». Arena, br. 1241, str. 11-12, Za
greb. 

GARASIC, M. 1984. Medunarodna speleoloska ekspedicija «Ka
mensko 84», str. 1-76, DISKF, Zafreb. (General report) 

GARASIC, M. 1985. Rekord -897,5 m. Vecernji list, br. 8005, str. 
12-13, Zagreb. 

NAJDUBLJA JAMA NA BALKANU. Medunarodna speleoloska eks
pedicija «Durmitor 85». Vjesnik, 20-8-1985. TANJUG. 

GRACAN, M, 1984. U spiljama Like i Korduna. Medunarodna 
speleolos.35ka ekspedicija «Kamensko 84». Vikendbr. 847, Za
greb, str. 12-13. 

RADOVICIC, S. 1984. Krenuli speleolozi na ekspediciju . Vjesnik , 
1-8-1984. Zagreb. 

TADIC, V. 1985. Durmitore, duboka planino (Medunarodna speleo
loska ekspedicija «Durmitor 85»), Arena 1291 , str. 41-43, Za
greb. 

TADIC , V. 1985. «Katedrala» pod zemljom. Arena, br. 1292, str. 
42-43, Zagreb. 

257 



15133 

Recent cave exploration in Western Canada 

Charles J. Yonge 
Alberta Speleological Society, Canada 

RESUM 

Han estat nombroses /es coves ca.rstiques explorades a la zona muntanyosa def Canada occidental durant els darrers anys. 
Hi ha hagut descobriments significatius que han fet que la longitud total explorada siguin de l'ordre d'a/guns centenars de quilometres, 
a mes de confirmar la sospita de que res ten encara molts sistemes de ca vi tats per descobrir en /es zones ca/caries interposades. 

A /'ii/a de Vancouver, ha estat possible d 'accedir a /es zones ca.rstiques, gracies a /es carreteres que, per al transport de la 
fusta s 'han anat obrint en zones molt apartades. A /es Montanyes Rocoses, /'helicopter ha demostrat esser una eina insubstituible 
per a apropar-se al carst mes allunyat de la xarxa de carreteres, sobretot a aquel/es zones on els arbusts i la vegetaci6 aixf como 
un rel/eu abrupte dificulten enormement la tasca d'aproximaci6. 

El que poden donar de sf /es grans coves def Canada es considerable, tant en el que respecta a la seva profunditat como en 
el seu recorregut. Les noves exploracions preveuen profunditats superiors a 1 km. i recorreguts de varis kms. amb exploracions 
addicionals. Actualment el sistema mes profund descobert al Canada es el dArctomys Cave, amb 552 m. i el que compta amb un 
major recorregut el de Castleguard Cave que quasi arriba a/s 20 kms. 

RESUMEN 

Numerosas nuevas zonas karsticas han sido investigadas en la zona montaflosa de Canada occidental en los ultimas aflos. 
Las zonas con significativos descubrimientos de cuevas han a/canzado un nivel por encima de /os centenares de kms. a parte de 
sugerir que muchos sistemas de cavidades han quedado aun por descubrir en las zonas ca/izas interpuestas. 

En la Isla de Vancouver, las zonas karsticas han sido accesibles gracias a que las carreteras madereras se han abierto en 
zonas remotas. En las Montaflas Rocosas el he/ic6ptero ha demostrado ser insustituible para alcan2-1r el karst en zonas /ejanas a 
la red de carreteras, especialmente donde /os arbustos y vegetaci6n y el terreno escarpado dificultan la aproximaci6n. 

El potencial de grandes cuevas en el Canada occidental es considerable, tanto para profundidad como recorrido y /os nuevos 
descubrimientos preven profundidades por encima de 1 km. y desarrollos de varios kms. con exploraciones adiciona/es. Actualmente 
el sistema mas profundo descubierto en Canada es Arctomys Cave con 552 m. y el de mayor recorrido Castleguard Cave, muy 
poco por debajo de /os 20 km. 

SUMMARY 

A number of new karst areas have been investigated in the mountainous areas of Western Canada in recent years. The areas 
in which significant cave discoveries have been made range up to hundreds of km. apart suggesting that many cave systems remain 
to be found in the intervening limestone regions. 

On Vancouver Island, karst areas have become accessible as logging roads have been extended into remote areas. In the 
Rocky Mountains, the helicopter has proved invaluable in reaching karst that lies far away from road systems, particularly where 
difficult bush and steep terrain need to be negotiated. 

The potential for large caves in Western Canada is considerable in both depth and length and the new discoveries promise 
depths in excess of 1 km. and lengths of several kms. with further exploration. Presently the deepest system found in Canada is 
Arctomys cave at 522 and the longest, Castleguard Cave as Just under 20 km. 
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Although a number of new karst areas have been investigated 
in Western Canada, this paper describes four regions, three in 
the Canadian rockies and one on Vancouver Island. The 
discussion focuses on the major caves developed in these karst 
areas. 

1. Arch Cave and Glory'Ole, Vancouver Island, BC 

These caves are each in excess of 300 m. deep and contain 
a few kilometres of passage (see figs 1 & 2). They are formed 
in Triassic to Jurassic limestones and marbles which are intruded 
by middle to late Jurrasic granites and granodiorites. Triassic 
volcanics, are also present. 

Cave passage, where it is horizontal or dipping, appears to 
be developed on volcanic horizons. These sections end abruptly 
in pitches from 10 m. to 50 m. in length with ample evidence of 
piracy, particularly in the case of Arch Hole. The irregular length 
of pitches coupled with multiple piracy events in the region of 
Arch Hole suggest a high degree of local faulting . Glory'Ole, over 
one kilometre away appears considerably less affected . However, 
in the lower sections of Glory'Ole, vertical intrusives force the 
streamway to cult to the left and right in a somewhat geometrical 
pattern . 

Glory 'Ole approaches the upstream siphon in Arch Hole 
although the connection has not been proved . The deeper reaches 
of Arch Hole show a considerable amount of phreatic development 
even though it is presently perched some 600 m. above fjord-type 
lakes that contain likely spring outlets fro the cave system. The 
phreatic network is not obviously affected by intrusive/volcanic 

X ca"e. sink or dig 

• resurgence 

M moulina 

c::.r edge of icelield 

/'~st,eem 

~ contour in feel 

scale H km grid 

Ml · 3 - Porcupine Cavi, 

F2 - Fiddlers Cave 

activity although it is presently partially active. A ramp (Cannon 
Ball Crawl) contains a superbly sorted range of spherical pebbles 
that span from 15 cm. in diameter to sand-size over a vertical 
rise of 30 m. Clearly tremendous hydraulic gradients were 
available and may have been present as the 1 km-thick ice-sheet 
melted back eastwards towards the mainland during the 
Wisconsin. The present high precipitation in this coastal region 
probably account for the paraphreatic conditions that exist now. 

2. Dezaiko Cave, Central BC 

Dezaiko Cave is formed in thinly-bedded precambrian 
limestones and dolomites that are regularly interbedded with thin 
units of quartzite and Shales. The area is characterised by a 
faulted plateau of around 2.000 m. in altitude that contains many 
sinks and is drained by a few large resurgences with flow-rates 
up to several cumecs. Dezaiko Cave, for example, appears to 
drain more than 8 km. to one of these major resurgences 
suggesting the presence of a few fairly well-integrated 
subterranian drainage systems. 

The region is highly glaciated and one portion presently 
supports a remnant glacial sheet several kilometres in extent. 
Hundreds of small post-glacial sinks .exist on the freshly glaciated 
surface and their streams are temporally supported by either by 
small areas of moraine or geologically on the impermeable beds. 

Dezaiko Cave appears to be one such sink, although parts 
of the upper reaches do seem to be old with large breakdown 
chambers and relatively massive redissolved speleothems. 
Otherwise the system is rather simple with essentially one canyon 

Topography and cave locations, Top Area, Small River. 
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passage interspersed with pitches from 4 to 19 m. long. The 
canyon is lost in one place (Strike II grovel) where faulting in the 
thin limestone units has caused them to pinch out forcing the 
drainage along strike. In the vicinity of the cave across a deep 
valley, a massive shaft exposed at a scarp face suggests that 
preglacial cave development has taken place. 

3. Porcupine Cave, Small River, Mount Robson, BC 

This cave and others are formed in a limestone synclinorium 
some 60 km. in diameter that centres on Mount Robson . One of 
these caves on the east side of the synclinorium is over 0.5 km . 
deep and is the deepest cave in Canada and the USA. The 
limestone unit known as the Mural and is of Lower Cambrian 
age. The Mural is sandwiched between Gog quartzites and is 
split into two by a shale member; the impermeable units provide 
a distinct geological control on cave development. 

The Small River area lies to the east of Mount Robson and 
represents the greatest exposure of the Mural Limestone. A 
remnant ice sheet has melted back to reveal a classic glacial 
karst region with sinks (including ·moulin sinks) and two large 
springs associated with the two split portions of the Mural 
limestone. Both springs appear in a canyon which itself may well 
have developed beneath the ice sheet when it was more 
extensive. Some caves have been noted below these springs in 
the wall of the canyon. The canyon presently carries a heavy 
stream from the ice sheet. 

Porcupine Cave is developed updfp and to the west the spring 
associated with the upper Mural member. Both cave and spring 
have essentially formed on the middle shale unit. The passages 
running from the cliff line appear to be glacial stream sinks 
abandoned as the ice sheet melted back. The heavy stream now 
running in the cave represents an active sink point under the 
glacier possibly fed by moulin sinks. The lower portions of the 
cave. are vadose canyons starting at nick-points. The height of 
the canyons lowers at down-stream points as wide low passages 
are developed on the shale. Three 30 m. shaft systems punch 
down into the canyons from the alpine meadows above where a 
well-drained karst is observed. This cave system does not seem 
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to be particularly old but other caves in the area suggest that 
preglacial development has taken place. 

4. White Hole, Mount Bocock, BC 

White Hole is the main sink point in a polje 4 km. long by 1 
km. wide. The polje has been formed in the eastern limb of a 
syncline of Triassic shales, limestones and sanstones aligned to 
the regional folding . Streams are supported on the upper, 
impermeable sandstones of the Fernie Formation before sinking 
into the Bocock-Pardonnet Formation. 

White Hole commences where several faults intersect and 
appears, after punching some 250 m. down thorugh the various 
limestone units, to travel thereafter 25 km. along the regional 
strike NNW to springs in the Peace River system some 1.000 m. 
lower. 

The cave has been explored to -253 m. with little lateral extent 
in a series of active and abandoned shafts to a paraphreatic silt 
choke and this appears to be the preglacial portion of the cave. 
Behind the active sink, The White Dwarf Series represents one 
fossil sink; others are also apparent in the vicinity. Some massive 
flowstone has been found at or in the fossil sinks indicating a 
high degree of cave development perglacially. The glaciers 
retreated from this area only 5.000 to 10.000 years ago, however, 
the thick peats that have formed in the polje deliver a highly 
agressive water to the caves. Karst pavements are well-developed 
on uncovered bedrock surfaces in the polje basin. 
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RESUM 

Recent developments in Castleguard Cave 

Jon Rollins and Chaz Yonge 
Alberta Speleological Society, Canada 

Els viatges anuals a Castleguard han centrat sempre /'atenci6 a/s espeleo/egs de tot el m6n. La seva localitzaci6, sota de/s 
Columbia /cefie/ds i la seva gran longitud, juntament anb Jes crues condicions hiverna/s de la superffcie fan de Castleguard una 
experiencia espe/eo/ogica sense precedents. El tap de gel originari que marcava la ti de/ sistema principal va esser descobert /'any 
1973. En els darrers anys s'han descobert cine taps mes de gel que obstrueixen algunes galeries secundaries i Jes esperances de 
trobar una segona entrada, com se sospitava, arran de/s tubs de vent existents, han disminui't. En els ultims quatre anys la cova 
ha vist augmentada la seva /ongitud en un 50 %, la cua/ cosa fa que arribi practicament als 20 km. La major part de Jes naves 
galeries s'han descobert a la capr;alera, la qua/ cosa confirma la natura/esa dendrftica de la cova. No s 'ha vist encara tot, ni molt 
menys, doncs no s 'ha treballat encara l'extens sistema jovenil que ham sap que es troba sota de/s Castleguards Meadows. 

RESUMEN 

Los viajes anuales a Castleguard han actuado coma un taco de atenci6n de espele6/ogos, a nivel internacional. Su situaci6n 
bajo las Columbia /cefields y su gran longitud combinada con las condiciones de invierno aspero en la superficie hacen de Castleguard 
una experiencia espe/eo/6gica unica. El tap6n de hie/a originario que marcaba el final de/ sistema principal fue descubierto en 1973. 
En Jos ultimas afios se han descubierto 5 tapones de hie/o, que bloquean galerfas secundarias y las esperanzas de encontrar una 
segunda entrada como sugieren los efectos de/ chimney-wind*han disminuido. Los ultimas 4 afios han visto afiadir un 50 % mas a 
la longitud total de la cueva, llevandola a practicamente 20 km. Se han encontrado la mayor parte de las nuevas galerfas hacia la 
cabecera, corroborando la natua/eza dendrftica de la cuevcj. Hay todavfa un gran potencial de desarrollo de la cueva hacia un vasto 
sistema juvenil que se sabe que esta debajo de /os Castleguard Meadows. 

SUMMARY 

The annual Castleguard trips have acted as a focus of attention for cavers internationally. Its position under the Columbia 
Jcefields and its great length combined with the harsh winter surface conditions make Castleguard a unique caving experience. 

The original ice plug marking the end of the main cave system was discovered in 1973. In recent years five other ice plugs 
have been discovered blocking subsidiary passages and hopes of finding a second entrance, as suggested by chimney-wind effects, 
have diminished. The last four years have seen a 50 % addition to the total length of the cave making it just of 20 km. Most of the 
new passage found has been in the headward reaches emphasising the cave's dendritic nature. There is still great potential for 
extending the cave via a large juvenile system that is known to underlie Castleguard Meadows. 

fig.I CASTLEGUARD CAVE 
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In the past few years exploration in Castleguard Cave has 
become increasingly difficult as points of exploration have been 
pushed further from the enterance. Since the early ?O's following 
the discovery of an ice plug in the upper reaches of the system 
where it extends under the Columbia lcefield, the general feeling 
was that the cave was more or less finished. This however was 
to prove far from true as numerous discoveries in the dendritic 
headward complex have extended the cave to its present length 
of 19 kms. 

In 1979 a 25 m shaft was traversed by Quebec cavers close 
to the Ice Plug leading to a kilometer of new passage, the 
Boulevard du Quebec, but of major interest were a number of 
pitches in this section . If these could penetrate to a lower system 
(Castleguard II) that feeds the Big Spring located 300 m below 
the cave entrance, then a major extension to the cave might be 
possible. The deepest of the pitches known as La Grande Gueule 
eventualy sumped at 139 m possibly halfway to Castleguard II, 
another, Ooley Gooley Pit was a blind 75 m single drop. There 
are still draughting leads to be explored in this section of the cave. 

The other major lead was Thompson's Terror, a large 
continuing fissure passage which because of difficult and loose 
traverses was initialy abandoned further exploration being 
regarded as unjustified. In 1983 however exploration ironically 
previous exploration had terminated at the last climb after which 
nearly a kilometer of very pleasant passage was mapped 
terminating in another beautiful ice plug the nice Plug , around 
which were several smaller passages also culminating in ice. Like 
the main ice plug the ice was opaque and coarsely crystalline 
with the same composition as ice samples taken high up on the 
Columbia lcefield. There is little doubt that this is ice from the 
base of the icefield that has been extruded into the passage and 
according to data on the distance ice will extrude into rock cavities 
it seems unlikely that there in more than 30 to 40 meters of cave 
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passage beyond the ice front. Since the original ice plug was 
discovered in 1970 six other small passages terminating in ice 
have been found deliniating the extent of the dendritic headward 
system. The main ice plug has not changed by more than one 
to two centimeters during the past nine years reflecting the great 
stability of cave environments. No surface ice-front would change 
as little as this in a year. 

New passage is still being found closer to the entrance, a 
lead near the Holes in The Floor went for half a kilometer before 
pinching out. Boon's Blunder also yielded new if low passage 
but no way round the sump was found. Essentially the complex 
of passages there comprise a braided drainage emanating from 
the sump; an excellent diving prospect for the future. In 1984 a 
cave radio was taken underground in an effort to locate the 
position and depth of the end of the cave under the Columbia 
lcefield . Based on a tentative cave «height» of 300 m and entrance 
elevation of 2016m, the ice plug is some 200 m below the surface. 
Due to poor surface conditions, a full scale blizzard, there were 
rendezvous problems and the results were not conlusive but tone 
contact was made and seemed to indicate that the end of the 
cave is in the same general area as shown by the survey indicating 
that there were no grave errors in cave mapping. However from 
the strength of the signal, the distance the signal could be heard 
over, and the lack of nulls it seems that the end of the cave is 
deeper than the supposed 200 m or that the ice adversley effects 
radio transmissions. 
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«The Alto Ribeira Region: a photographic approach on the speleological 
potencial and its importance as a world-wide patrimony». 

Mario Roberto Guitti Peixoto 

RESUM 

La intencio d'aquest assaig es la de presentar-vos una de /es regions ca/caries mes representatives def S.O. def pafs i una de 
/es mes importants de Sud-america. Mitjanr;ant un audio-visual i una exposicio impresa, aquest treba/1 preten mostrar-vos una 
aproximacio fotografica a una regio com aquesta, que compta amb 170 cavitats enregistrades, un nombre estadfsticament prou 
significatiu, si tenim en compte /es futures perspectives de descobrir naves coves i nous avencs. 

Situades al sud de /'estat de Sao Paulo, el seu potencial espe/eologic radica en coves com /es de Santana, Areias, Casa de 
Pedra i els nombrosos avencs, tots ells de gran bel/esa i caracteritzats pf]r la seva gran extensio, rica decoracio, amplitud de 1/urs 
entrades i variada fauna subterrania. 

RESUMEN 

El proposito de este ensayo es presentar una de las regiones calizas mas representativas def sudoeste def pafs y una de las 
mas importantes de Sudamerica. Mediante un audio-visual y una exposicion impresa este trabajo pretende mostrar una aproximacion 
fotografica a una region coma esta en la que se han registrado 170 cavidades, un numero estadfsticamente significativo teniendo 
en cuenta las futuras perspectivas de descubrir nuevas cuevas y simas. 

Situadas en el Sur def Estado de Sao Paulo, su infinito potencial lo representan cuevas coma Santana, Areias, Casa de Pedra 
y numerosas simas en las que se resumen su belleza y riqueza caracterizada por su extension, decoracion, fauna subterranea y 
amplitud de sus entradas. 

SUMMARY 

The purpose is presents an essay about the most representative limestone region of the Southwest of the country and one of 
most important of South America. Throughout an audio-visual and a print exposition the worke intends show the photographic 
approach on a region like this, where has 170 caves registred, a significant sthatistic taking into account the perspectives of new 
caves and potholes. 

Situated in the South of the State of Sao Paulo, its infinite potential is representated by caves like Santana, Areias, Casa de 
Pedra and innumerables pothols, resuming beanty and richen characterized by the extension, adornment, underground fauna and 
the height of the entrances. 
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New discovered Gypsum Caves in Poland 

RESUM 

Bronisjaw, W. , Wojbszyn, Krzysztof, P. Wojbszyn and Sjawomir 
Wiraszka 
lntitute of Systematic and Experimental Zoology, Polish Academy of 
Sciences, Krak6w and Polish Society of Earth Sciences, Krak6w 
Branch 

A Nida Though (al sud de Kie/ce a la Polonia Central) s 'hi troben uns diposits de guix de/ Mioce. Els fenomens carstics d 'aquesta 
regio han estat descrits per Flis (1954). Tambe han estat ja descrites 14 coves per Kowalski (1954). Son coves relativament petites. 
La mes llarga, anomenada «Skorocicka», te 280 m. de longitud. Mes recentment s 'han descobert 15 coves mes en unes exploracions 
empreses pe/s autors: el 1978 (BWW) i, mes tard, /'agost i el setembre de 1985 (KPW i SW). La longitud total de /es galeries 
descobertes per nosaltres es superior als 200 m. El descobriment mes interessant va ser /'efectuat a Skorocice Valley, on varem 
trobar la regio mes antiga de/ Skorocicka Cave System. La nova cova te una longitud aproximada d 'uns 50 m. 

Aquesta es /'(mica zona carstica de guix que hi ha a Polonia. Els fenomens carstics, aixf com la flora xerofi/-/a i la fauna d'aquesta 
regio, han fet que esdevingui una de /es mes interessants de Polonia. 

RESUMEN 

En el Nida Though (Sur de Kielce en Polonia Central) existen depositos de yeso de/ Mioceno. Los fenomenos karsticos de esta 
region fueron previamente descritos por Flis (1954) y tambien fueron descritas 14 cuevas por Kowalski (1954). Las cuevas son 
relativamente pequefias, la mas larga llamada «Skorocicka» tiene 280 m. de longitud. Recientemente se han descubierto 15 cuevas 
durante algunas expediciones emprendidas por /os autores: en 1978 (BWW) y mas tarde en Agosto y Septiembre de 1985 (KPW y 
SW). La longitud total de todas las galerfas descubiertas por nosotros es superior a 200 m. El descubrimiento mas interesante fue 
efectuado en Skorocice Valley, donde encontramos la parte mas antigua de Skorocicka Cave System. La nueva cueva tiene 
aproximadamente 50 m. de longitud. 

Esta es la (mica zona ka.rstica en yesos en Polonia. Los fenomenos karsticos y tambien la flora xer6fila y la fauna de esta region 
la convierten en una de las mas interesantes de Polonia. 

SUMMARY 

In the Nida Trough (South of Kie/ce in Central Poland) there are gypsum deposits of Miocene age. The karst phenomenons of 
this region were described previously by Flis (1954), and also 14 caves was described by Kowalski (1954). The caves are relatively 
small, the largest one, named «Skorocicka» is 280 m. long. Recently 15 new caves were discovered during some expeditions 
undertaken by the authors: in 1978 (BWW), and later in August an September of 1985 (KPW and SW). The total /enght of all new 
corridors discovered by us is more that 200 m. The most interesting discovery was made in Skorocice Valley, where we found the 
oldest part of the Skorocicka Cave System. The new cave is about 50 m. long. 

This is the only one gypsum karst region in Poland. The karst phenomenons and also the xerophil flora and fauna of this region 
make it to one of the most interesting in Poland. 

Introduction: 

In the Southern part of Central Poland, within the triangle 
determined by the localities: Pir'lcz6w, Susko Zdr6j and Wislica 
there is an interesting cavernous area. 

This is the only locality of Poland of well developed gypsum 
karst phenomenons. 

About 30 caves are known form this area, but half of them 
was recently discovered, and this new discovered caves are the 
subject of the present paper. 

Geography: 

The geographical centre of the studied area, called Nida 
Trough lies 50° 25' N, and 20° 45' E. 

Susko Zdr6j, the main town of this region lies about 50 km 
south of Kielce and about 80 km north-east of Krak6w. 

Gypsum karst: 

In the miocene sediments filling up the Nida Trough there are 
large deposits of gypsum. The relief and features of the outcrops 
of the gypsum formation were studied previously by several 
sciencists, and karst phenomenons of this region were described 
in details by Flis (1954), and also 14 caves were described by 
Kowalski (1954). 

The caves are relatively small. The largest one, named 
«Skorocicka» is 280 m. long. 

More recently 15 caves were discovered during some 
expeditions undertaken by the authors. At July 19th, 1977 8 . W. 
Wojbszyn found three caves near Marzecin (see fig . 1), and later, 
in August and September of 1985 K.P. Wo';:Jszyn and S. Wiraszka 
discovered twelve new caves. During the two last expeditions all 
new caves were mapped and described by the junior authors. 

A list of new discovered caves is as follow: 
The most interesting discovery was made in «Skorocicka» 

Valley. The middle part of this Valley forms small but scenic 
canyon with gypsum rocks (see fig . 2). 

In the left wall of the canyon there is «Skorocicka» Cave 
System. The feature of this cave is the work of running water. It 
forms a single gallery, about 200 m. long, with live stream on its 
bottom, and some openings to surface. In short distance from 
the north entrance of main gallery there are two chambers: 
«G6rna» (Upper), and «Komora Dzwon6w» (Bell 's Chamber). The 
last also with live stream. Both had in the past connection with 
the main gallery. About 30 m. north of Bell's Chamber, in different 
rock , we found a new cave. This cave, named by us «Stara» (Old) 
(see fig . 2 and 3) althrough having a separate entrance, is a part 
of the «Skorocicka» Cave System. The new cave takes its name 
(«Old») from the fact that its passages form the oldest part of 
the Underground bed's of Skorocicki Stream. The entrance 
passage to the cave is very narrow but after some meters it 
comes to the main passage, about 30 m. long with some short 
secondary corridors and two sinkhole-like connections with the 
live stream. 
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Cave's name No. of the Cave(1) Location Total lenght in m 
1 . Stara/Old Cave/ 
2. Szczelina w Skorocicach 
3. Schoronisko Tr6jkatne 
4. Maly Tunel 
5. Slomiany Tunel 
6. Jaskinia w Gackach 
7. Zydowska 
8. Schoranisko Male 
9. Schoronisko Stolowe 

10. Mysia Nora 
11 . Dwie Studnie 
12. Dziupla 
13. Potudniowa 
14. Potnocna 
15. W Stadkowie Malym 

(1) Following of Kowalski Catalogue 1954. 

The total length of the new cave is about 50 m. 

15 Skorocice Valley 
16 Skorocice Valley 
17 Skoricice Valley 
18 Skorocice Valley 
19 Skorocice Valley 
20 Gacki-Wola Gorna 
21 Marzec in 
22 Marzecin 
23 Marzecin 
24 Marzecin 
25 Siestawice 
26 Siesfawice 
27 Siestawice 
28 Siestawice 
29 Stadk6w Maly 

50 
5 
2.5 
5 
7 

30 
10 
6 
4 
6 

30 
9 

15 
20 

4 

The Gacki and Sies)awice are two another areas where more 
important discovery was made. 

caves (figs. 48 and 5): «Dwie Studnie» (Two sinkholes) -30 m. 
long, «Po)I.Jdniowa» (Southern) -15 m. long, and «Po)hocna» 
(Northern) -20 m long. 

In Gacki we found 30 m. long small size tunnel (cave no. 20) 
opened on both ends, and probably filled up by water temporary 
(Fig. 4A). In the second area at Sies)awice we found three longer 

The Skorocicka Valley is at present a protected area. The 
karst phenomenons and also the xerophil flora and fauna of this 
region make it to one of the most interesting in Poland. 

Caves: 

Number of caves 
Total lenght in m. 

Previously known 
Existing Destroyed 

11 4 
363 105 

New discovered 

15 
204(2) 

(2) + 15 m long new corridor in previously known Latanice Cave 
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Fig . 1. General location of discussed sites. 
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SKOROCICKA CAVE 

Fig. 2. The Middle part of Skorocicka Valley. 
Explication as in fig. 1. The numbers following the black symbols are the numbers 
of the new discovered caves (see tab/. 1). 
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Califronia Caverns - The Cave at Cave City 

Peter and Ann Basted 

RESUM 

Algunes parts d 'aquesta cova van esser explorades pels primers buscadors d 'or els dies de la «febre de l'on1 a California, que 
Jes van saquejar barroerament; malgrat tot, exploracions mes recents han descobert mes d 'un quilometre de galeries primitives amb 
una gran varietat d 'interessants espeleotemes. La cova, la mes I/arga de /'area de California's Mother Lode, presenta una gran 
diversitat. Toti que avui se 'n fa un us comercial, s 'han donat facilitats a espeleolegs per a procedir a estudis biologics i hidrologics 
de la cavitat i no es descarta la possibilitat de futures exploracions. 

RESUMEN 

Algunas partes de esta cueva fueron exploradas por /os primeros buscadores de oro en los dfas de la Fiebre de/ Oro en 
California. Estas partes fueron saqueadas duramente, pero exploraciones recientes han descubierto mas de 1 km. de galerfas 
primitivas que poseen variedad de interesarites espeleotemas. Hay tambien mayor diversidad en el desarrollo de esta cueva, la mas 
larga en el area de California 's Mother Lode. Actua/mente utilizada como cueva comercial, se han dado oportunidades a espele6/ogos 
para hacer estudios biol6gicos, hidrol6gicos, asf como para futuras exploraciones. 

SUMMARY 

Parts of this cave were explored by the early gold miners in the Gold Rush days in California. These sections were heavily 
vandalized, but recent explorations have covered over 1 km over pristine passages containing a variety of interesting speleothems. 
There is also much diversity in the passage development in this cave, the largest in California 's Mother Lode area. Presently run 
as a commerica/ cave, opportunities have been made available for speleologists to make biological and hydrological studies, and 
as well as further explorations. 

Cave City is located in a large limestone outcrop near 
McKinney Creek, almost in the center of Calaveras County, 
California. This is in the heart of the Mother Lode area, where 
gold was discovered in the foothills of the Sierra mountains in 
1849. After the first big discovery of gold at Setter Creek, only 
50 miles away, the gold rush was on. Numerous claims were 
established, and a mining settlement grew up not far from the 
cave. The wagon trail from Murphys to Moke Hill ant the famous 
Big Trees also passed close by. In October 1850, a miner named 
Captain Taylor and his friends were supposed to have been 
engaging in target practice in back of his cabin . When Taylor 
went to move the target back further for an additional challange, 
he stumbled upon a small entrance. After moving a few rocks , 
he and his friends crawled about thirty feet and found most of 
what was then called the «Great Cave», or «Mammoth Cave» of 
Cave City. As gold claims in the area were doing very well, the 
town grew quickly, until by 1853 Cave City boasted over 1000 
settlers, a church, a public school and a cemetary. 

With the growth of the town, interest in the cave as a tourist 
attraction grew also, and in late 1853 W. McGee and H.P. Angell 
claimed the cave and erected a posh hotel near its entrance. 
They decided to commercialize the cave, the first such venture 
in the state. They excavated the entrance section to make it 
more easily passable, installed a door, and built wooden walkways 
in parts of the cave. Kerosene lamps were sometimes placed to 
help the tourists view the many wonders, with the visitors generally 
also carrying candles. 

Most early descriptions glorify the abundance of formations, 
including columns stretching from floor to ceiling, delicate crystals, 
and large stalagtites that «rang like an organ». A great white 
cascade of flowstone was called The Cataract, and the Bishop's 
Palace was described as being resplendent with stalagtites. Lakes 
similar to the ones present today are also mentioned Although 
somemention is made of their levels varying daily with the tides, 
nothing is said of the yearly flooding that occurs now, after the 
Debris Dam was built in 1910 on McKinney Creek to prevent 
mining tailings from poluting downstream water supplies. 
Unfortunatly, it was the custom in those days to not only leave 
ones mark in the «Signaiture Room», near the entrance, but to 
also take out souvenirs of ones visit , often by the armload. 

In the mean time, Cave City continued to flourish . The cave 
and hotel were boutht by a Mr. J. 8. Smith in 1855. He continued 
to run tours and to build up the hotel as a center for gracious 

entertainment, including lavish balls and illegal gambling . The 
hotel burned down on April 30, 1858, only days before the major 
social event of the season, the May Ball. This was the heyday 
for Cave City. By 1860 the claims had begun to lose their luster, 
and were gradually abandoned. By the mid «60»s, the town had 
dwindled to a third of its former size, and by 1876 only the house 
of George and Johanna Nichols remained. They had taken over 
the cave guiding operation sometime in the interim. George («The 
Greek») was a colorful character, supossedly friendly and jovial, 
but also rumored to be a member of the notorius Murietta Gang, 
which terrorized the area. Cave City had always a reputation for 
violence, in contrast to nearby El Dorado (now Mountain Ranch) . 
Many Chinamen and Mexicans lived there, and numerous are the 
accounts of attacks and murders in the newspapers of the day. 

By the 1880's, activity in the area had definitly quieted down. 
No major extensions to the cave seem to have been found, but 
some archeological work was done at nearby Cave of the 
Catacombs, where hundreds of prehistoric skeletons were 
removed. After George's death in the mid 1880's, his wife 
continued to manage the operation . When she became too old, 
it was taken over by Byrnes. The Nichols house was torn down 
in 1933 to make way for a barn . Around this time there was a 
renewed interest in gold mining by people made desperate by 
the depression . Although the cave continued to be visited, 
vandalism had robbed it of its former glory 

A new era was ushered in when Cave of the Quill's was 
discovered by Tom Aley and Ken Miller in 1962. Ken was a 
part-time caretaker for the property, and Tom also lived there at 
times. After digging open Quill Cave, they soon descended the 
twenty and sixty foot drops over glistening flowstone to find 
themselves in what is now called Explored 's Hall. They explored 
the Bottomless Lakes, and crossed Tom's Lake to go as far the 
North Pole. The cave was, and still is, very delicate, with many 
fragile crystals and much boxworks growing on the walls . The 
ubiquitous mud made it difficult to preserve the purity of the 
many flowstone areas, so it was decided to gate the cave in 
1963 to help protect it. To help prevent vandalism, Miller spread 
the word that sticks of dynamite were wired to the gate. This 
strategy was 100 % effective. Tom aslo made another significant 
discovery in October 1965: a very tight and awkward crawl near 
the Bridal Chamber led to a beautiful and untarnished room, the 
Jungle Room. Today this room is the main attraction of the «walk
through» tours. It's sad to think that the entire «historic» part of 
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the cave must have one looked like this! To protect his discovery, 
Tom blocked off the crawlway with mud, and only a very few 
people rediscovered it prior to the purchase or the cave property 
in 1979 by the Fairchild family. 

The Fairchilds quickly rediscovered the Jungle Room and 
began leading «wild cave tours» asfar as that room in 1980. Also 
in 1980 they were able to dig throught a constriction near the 
Iron Curtain in Cave of the Quills and discovered the Middle Earth 
section. They were amazed at the quartz crystals growing on the 
walls, the beauty of the Seal Rock Room, and how wet and 
muddy the cave became when they pushed on towards the jungle 
Room. Feeling a good breeze, they made several trips to what 
is now called the Hershey Crawl and were finally able, on October 
25, 1980, to get a very small caver throught to connect Cave of 
the Quills with the historic Mammoth Cave section. Subsequent 
blasting in several places has now made it possible to walk into 
the Jungle Room with street clothes on, and to negociate the 
Hershey Craul with relative ease. Bridges across the lakes and 
ladders in the Quill section make it possible to do a through trip 
with no special equipment other than a helmet, light, and coveralls. 

Bob Baker, Paul Lukshin, and I (Peter) asked for permission 
to map the Quill part of the cave in 1980. Our progress was slow 
at first , but gradually we developed the techniques necessary 
for surveying in extremely muddy conditions, which occur in more 
than half of the cave due to the annual flooding . Bob and I went 
on almost all of the eighteen survey trips, with various friends 
helping out from time to time. It wasn 't until late 1983 that we 
had mapped just about every known nook and cranny, including 
all of the Historic Section and several tight crawlways and 
passages that have seen very little other human traffic. 

The cave is located near the southern end of a four mile long, 
half mile wide deposit of recrystalized limestone and dolomite 

that strikes at N45W and dips at about 65 degrees NE. The area 
near the cave is highly dissected , exposing barren cracks, 
crevices, and fragments of phreatic tubes, in places resembling 
kluftkarren. The marble is interbedded with metavolcanic and 
metasedimentary rocks of the Calaveras formation. T~e hanging 
wall portion of the lens contains coarse grained, withe to bluish 
grey limestone, while fine grained dolomitic limestone dominates 
the central and footwall portions. Dykes of schist up to several 
feet thick can be found throughout , as exemplified by the Iron 
Wall that cuts across the middle of the cave. Its name comes 
from its high iron content, which noticably distorts compass 
readings. Much of the passage development has been strongly 
joint controlled , as can been seen by examining the modern cave 
map, especically in the Middle Earth section. Several joint axes 
can be discerned in addition to the main one. Most of the cave 
has been formed by phreatic development on one horizontal level, 
making the large rooms found in the a good deal of the cave. 
Development continues today with the annual rising and falling 
of the lake levels, witch are approximatly the same from one end 
of the cave to the other. Even at low water, the Bottomless Lake 
is known to be over 100 feet deep, so that undoubtedly more 
passage remains to be found if the water table were ever to be 
lowered. • 

The sections of the cave that were not ruined by early explorers 
remain beautifully decorated today. In addition to large flowstone 
cascades, boxwork, crystals , and helectites are common 
throughout most of the Quill and Middle Earth sections. Extensive 
rows of stalagtites can be found in some areas, as well as pure 
white shields. With the luck, these features will be preserved for 
future generations to enjoy. We would like to thank the Fairchild 
family for of their gracious hospitality, and for all their friendly 
help on inumerable occassions. 
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The 1984 Chiquibul Expedition 

RESUM 
Aquest projecte va esser concebut, origina.riament, per la National Geographic Society per a investigar la formaci6 de/ carst i 

/'arqueo/ogia Maia establerta al seu interior, d 'una extensa zona carstica de /es muntanyes de Belize. En el projecte es varen 
topografiar 23 Km. de ga/eries (de mes de 110 m. d'ampla.ria) inc/osa la Belize Chamber, la mes gran de /'hemisferi occidental. 

Es van efectuar importants descobriments, a/guns de/s qua/s posaven en evidencia el descens maia a pous de 150 m. Tambe 
va esser descoberta una nova especie de crane cec cavern/cola, integrant d 'una rica fauna cavernfco/a. El primer vertebrat fossil 
citat de Belize fou trobat encaixat en una «coladaJJ. 

S'analitza. la hidroqufmica, el sol i la roca d 'una area que no havia estat encara estudiada. 
A la superffcie foren examinats i identificats embassaments i monticles d'origen maia, aixf com terrases agrfcoles. 

RESUMEN 
Este proyecto fue consolidado originariamente por la National Geographic Society para investigar la formaci6n de/ Karst y la 

arqueologfa Maya que se encontraba en su interior, de una extensa zona karstica de las montaflas de Belize. En el proyecto se 
topografi6 23 km. de ga/erfas (por encima de 110 m. de anchura) incluyendo la Belize Chamber, la mayor en el hemisferio occidental. 

Se efectuaron importantes descubrimientos incluyendo la evidencia de/ descenso Maya en pozos de 150 m. Fue descubierta 
una nueva especie de cangrejo ciego cavernfco/a, parte de una rica fauna cavernfco/a. El primer vertebrado f6sil citado de Belize 
fue encontrado encajado en una «coladaJJ. 

Se ana/izaron la hidroqufmica, el sue/o y la roca de un area que permanecfa sin estudiar. 
Terrazas agrfco/as, posibles emba/ses y montfcu/os de origen Maya fueron citados en la superficie. 

SUMMARY 

This project was founded primarily by the National Geographic Society to investigate formation of, and Mayan archeology in, a 
extensive karst of the Belizean highlands. The project surveyed 23 kilometers of passage (up to 110 meters wide), including the 
Belize Chamber, largest in the western hemisphere. 

Important archeo/ogical discoveries were made, including evidence of maya descent into 150 meter pits. A new species of blind 
cave crab was discovered, part a rich spe/ean biota. The first reported vertebrate fossil from Belize was found encased in flowstone. 

Hydrochemistry, soil, and rock were analyzed from an area previously unstudied. 
Agricultural terraces, possible dams, and mounds of Mayan origin were recorded on the surface. 

The Chiquibul Cavern System lies in the Vaca Plateau of 
west- central Belize, Central America. Although extensively 
populated by the Maya until about 900 A.O., it has been essentially 
uninhabited since then except for sporadic logging and chicle 
gathering. Study of the caves began with the author's solo 
reconnaissance in 1982. A subsequent application for funding 
was acepted by the National Geographic Society in 1983, followed 
by smaller contributions from the National Speleological Society, 
the Explorers Club, and several scientific companies. Rope was 
donated by Pigeon Mountain Industries. 

Sustained exploration and research began in March, 1984, 
with the location of suitable basecamp sites and the discovery 
of several major caves. In the following two months, 16 men and 
women explored, surveyed, and catalogued the geohydrology 
and archeology of the caverns. 

The Chiquibul is located in the rainshadow of the Maya 
Mountains with rainfall in the 150-200 cm/year range. It is covered 
weith rainforest typical of the seasonal wet-dry tropics. 

Geology 

The karst of the area is formed on Cretaceous carbonates 
bordering the Maya Mountains of Belize. These mountains are 
composed of higher-lying Paleozoic meta-sediments and Triassic 
intrusives. The Chiquibul River originates on these rocks and 
flows westward to sink into the carbonates. Three major types 
of karst have developed: a fluviokarst lies to the north in the 
Vaca Plateau, and a highly dissected «cockpit karst» to the south. 
Both are bordered on the east by karst topography extensively 
alluviated by elastics from the mountains. 

The Caverns 

By the end of May, 1984, 23 km of cavern passage had been 
surveyed . Widths occasionally exceeded 100 meters, with 
enormous rooms. The Belize Chamber (Figure 1) was found to 

be the largest room in the Western Hemisphere. The largest cave, 
Actun Tunkul , was mapped to over 11 km, longest in Central 
America. The Chiquibul Cave System to over 11 km, longest in 
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Central America. The Chiquibul Cave System occurs in two 
discrete sections (Figure 2). That closest to the presently active 
river ponor demontrates the tendency of the river to progressively 
change its sinkpoint with time in an upstream direction . This has 
resulted in a complex plan of vertical and lateral subsurface 
migration. The second section farther downstream has had 
primarily vertical development, with passage heights often 
exceeding 30 meters. 

Although enormous surface shafts to 150 meters occur in 
bedded limestone of the area, nearly all the explored passage 
was in massively brecciated limestone. 

Hydrology 

The Chiquibul Cave System integrates water derived from the 
holokarst above the cave with invading allogenic runoff from the 
Maya Mountains. Both water types are strongly influenced by 
seasonal responses. Declining dry season base flow contrasts 
markedly with the high discharge floor pulses of the summer and 
fall wet season. 

Cave waters of diffuse-flow origin were found to be saturated 
with respect to calcite and dolomite and had surprisingly high 
mean total hardnesses of nearly 300 mg/L (as Ca Co3) . A solute 
removal rate of 150 m3/km2/year was estimated. The high degree 
of saturation may be related to the enormous quantities of 
speleothems and travertine deposited in the caves. Stalagmites 
of 30 m height and columns of 20m width were frequently 
encountered, and the majority of the collapse breakdown in the 
caves was of old calcite precipitates. 

Archeology 

The majority of the Maya artifacts recvered from the caves 
aparently dete from the late Classic to Post-Classic (600-1000 
A.O.). 

Most of the large quantity of items were ceramics (including 
1000's of sherds and occasional whole painted vessels), but 
lithics, shell, and human and animal bone was also recovered. 
Numerous walls, platforms, and terraces (33 in one chamber alone) 
were encountered . Although the Maya did not inhabit the caves, 
they routinely visited them to collect water for ceremonial 
purposes. One such vessel was found still Collecting dripwater. 
Nearly buried under a meter-high stalagmite that had grown on 
it. Evidence was also located of the descent of the Maya using 
ladders an ledges into the 150 meter-deep shaft of Nohoch Ch'en . 

A tentative conclusion was that the cave artifacts suggested 
a negligible presence of the elite element of Maya society, and 
instead highlighted the importante of the caves in their folk 
religion . 

No surface complexes are known in the immediate vicinity, 
but hundreds of agricultural terraces and several stone mounds 
ans platforms were discovered. 

Miscellaneous Discoveries 

Numerous troglobitic , eyelesscabs were found in the caves 
and were identified as a new species. A fossil mandible was 
found in flowstones and tentative analysis indicates a new species 
of deer. 

Summary 

The 1984 Chiquibul Expedition explored over 40 km2 of 
rainforest once inhabited by the Maya, and surveyed 23 km of 
some the world 's largest cave passage. Soil, water, and rock 
samples were analyzed from a previously unstudied area. It was 
the first expedition to study the Mayan archeolo~y of an entire 
cave system. 

With renewal of the National Geographic funding, a second 
expedition has returned to finish exploration of the cave system 
in 1986. 
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Classification and characteristics of the caves in east China 

RESUM 

Huang Yun/in, Lin Junshu, Zhang Yaoguang 
Institute of Geography, Academia Sinica, Beijing, China. 

El paisatge carstic de la Xina Oriental es caracteritza pels aspectes transicionals de/ «Fenglim de/ sud de Xina fins als turons 
carstificats i valls seques def nord. L 'area estudiada es troba /ocalitzada entre els 25° y els 36" latitud nord. Les zones naturals han 
sofert diversos canvis, cap al nord o cap al sud, en varies ocasions abans def Cenozoic. Les ana/isis de sediments ens indiquen 
que el paleoclima va sofrir frequents f/uctuacions. El desenvolupament carstic va experimentar 6 marcades etapas. 

Es possible de diferenciar tres regions carstiques (incloent algunes subregions) a partir de la diferenciaci6 de /es zones 
paleogeografiques, el canvi de lfmit nord de «leteriteJJ reticular i el lfmit sud de loess de /es roques carbonatades de Xiasu i els 
moviments neotectonics. 

RESUMEN 

El paisaje karstico en China Oriental se caracteriza por los aspectos transiciona/es de Feng/in en el Sur de China, hasta las 
colinas karstificadas y val/es secos en el Norte. El area estudiada esta /oca/izada desde 25. 0 hasta 36.0 Ny las zonas naturales han 
cambiado hacia el Norte o hacia el Sur varias veces antes def Cenozoico. Los analisis de sedimentos sugieren que el paleoclima 
sufri6 frecuentes fluctaciones. El desarrollo karstico experiment6 6 marcadas etapas. 

Segun la diferenciaci6n de las zonas pa/eogeograficas, el cambio def lfmite Norte de leterite reticu/ado y el lfmite Sur def /oess 
de/ Xiasu rocas carbonatadas y movimiento neotect6nico, tres regiones karsticas inc/uyendo a/gunas subregiones pueden ser clasifica
das. 

SUMMARY 

The karst landscape in East China is characterized by the transitional features of the Feng/in in the south China to the karstified 
hills and dry valleys in the north. The studied area is located in 25.0 to 36.0 N and natural zones have been shifted northward or 
southward several times sinces Cenozoic. The sedimental analyses suggest the palaeoclimate was fluctuated frequently. Karst 
development have experienced 6 strong stages. 

According to the differentiation of paleogeographical zones, the shifting of the north boundary of reticulated leterite and the 
south border of Xiasu loess, carbonate rocks and neotectonic movement, three karst regions including several subregions can be 
classified. 

Introduction 

There are thousands of caves in East China where the 
carbonate rocks cover an area of over 243,000 km2 (Fig . 1 ). The 
characteristics of the karst landforms and caves in East China is 
different from that of South China and that of North China. More 
and more attention has currently been given to the karst landforms 
and the speleothems of caves in East China. In the past few 
years, more than 20 famous and typical caves in this part of 
China have been investigated by the authors (Table 1 ). According 
to the study of these caves and of other caves in East China, 
the authors have given a classification of the caves in East China, 
related to the origin, morphology and volume respectively. 

Physical geography 

The studied area lies mainly in the central part of East China, 
i.e. E113°-121 ° long and N27-33° lat. This region is usually lower 
than 1500 m a.s.l. From south to north , the annual mean 
temperature goes down from 20° C to 12° C and the annual mean 
precipitation , from 1.700 mm to 700 mm. In the southern part of 
this region , the vegetation is tropical monsoon rainforest in local 
sites and subtropical evergreen trees in whole region , and the 
soil is lateritic soil or yellow soil. In the northern part , the vegetation 
is mixed forest and evergreen trees, and the soil is leaching 
brown earth. Topographically, it is usually a very broken region. 
There are lower mountains, hills, small basins, aluvial fans, plains 
and deltas in this region . Three large rivers, the Yangtze River 
and its tributaries, the Huaihe River and the Qiantangjiang River, 
and several small rivers flow through this region . 

Geological fundament 

In tectonics, the northern part of this region is of the North 
China Platform (craton) and the southern part , of the Yangtze 

Subplatform or the Huaxia Belt of Fold (Cathysia) . As Fig. 1 has 
shown, carbonate rocks are scattered in East China. These 
carbonate rocks are of Precambrian (Sinian), Cambrian , 
Ordovician, Carboniferous period, Permian and earlytrias. In many 
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Fig. 1 Distribution of Carbonate Rocks in Central Part of East China 
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places, the carbonate rocks are not pure limestone. It is usually 
interbeded with non-carbonate rocks . This has made the caves 
in East China several special features . The neotectonic 
movements in East China are frequent , in some places. Faults, 
Foldc; and joints can frequently be seen in most places of East 
China. The structures play important roles in the development of 
caves in East China. 

Classification and characteristics 

We give three kinds of classification here for the caves in 
East China, according to their origin, morphology and volume 
respectively. 

1. Cave classification with respect to its origin 

This is shown in Table 1. A cave is usually composed of 
several different passages, some of which are formed by pure 
corrosion and others of which are formed by not only the corrosion 
but also the erosion or collapse. According to the intensity of 
corrosion, erosion and collapse of a cave and their proportion, 
five types of caves can be classified in East China. Pure corrosion 
caves are usually very small and have only one chamber. Pebbles 
are seldom found in such a cave. Some caves of this type are 
developed in layer of limestone. These caves are rich in various 
kinds of corrosional shapes on the walls and tops. The typical 
caves include Shanjuan Cave in the region near by Lake Taihu, 
Beishan Cave, Jinxian Cave in region of midstream of the Yangtze 
River, etc. Others are developed in layer of dolomite. These caves 
are lack of speleothems and corrosion shapes, except those 
potholes. The typical cave of this kind is Xianren Cave of Wannian 

Table 1 Some famous and typical caves in East China 

Type 
Pure corrosion 
a.limestone 

b. dolomite 

Corrosion and 
erosion 

Corrosion and 
collapse 

Erosion and 
Corrosion 

Collapse and 
corrosion 

Name 

Jinxian 

Beishan 

Kaihuashiba 

Yongshan 

Shanjuan 

Xianren 

Nielong 

Longquan 

Linggu 

Hongyang 

Longgong 

Jiushan 

Yaolin 

Hongyuan 

Changgong 

County, eastern Jiangxi Province. The corrosion and erosion caves 
are commomly distributed in East China. Some passages of these 
caves are mainly formed by erosion, with erosional forms, rather 
than corrosional forms. Thick detrital deposits of pebbles, sands 
and clay can be found in some places in these caves. Also, in 
some caves, owing to the strong erosion , the detrital deposits 
collapsed and remain a thin coat with detrital cyclothems on the 
walls . On the cave bottom, small detrital cone can be found in 
some places. There are some notches on the walls. Some of 
them are formed by corrosion and others are formed by erosion. 
For example, there are 9 parallel notches (side-troughs) on the 
cave wall of Longquan Cave in southern Anhui Province, with 
about 30 metres high . It show 9 times of slow and intermittent 
uplifts in this region. The notches are also found in Nielong Cave 
of western Jiangxi Province and Linggu Cave of the region near 
by Lake Taihu. There are 4-5 parallel notches in these caves on 
the wall. The third type of the cave is corrosion and collapse 
cave. The typical cave of this type in East China is Hongyang 
Cave of Fenyi County, western Jiangxi Province. The length that 
can be enterd by us in this cave is about 220 meters. In the end 
of this cave, there is a karst pit , which is very narrow. Many 
stalactite-like rock pandents can be found on the wall. Near the 
end of this cave, Many fragment of limestone with corrosional 
scallops on the surface, are gradually collapsed from the top and 
develped on the bottom. A stonepillar in 10 meters diameter has 
been formed in the entrance of this cave. We can out)ine the 
development process of this cave as follows. First, strong 
corrosion of underground water; then, uplifted and became a dry 
cave; at last, fragments of limestone collapse gradually from the 
top in some places and speleothems are formed. The fourth type 
is erosion and corrosion caves. These caves are developed in 
the Cambrian striped thin argillaceous limestone interbeded with 
shale, such as the Longgong Cave of Pengze County, near by 

Location Length (m) 

Ruichang County, less than 
weatern Jiangxi 40 
id. less than 

50 
Kaihua County, 
southern Zhejiang less than 

20 
Luping County, less than 
eastern Jiangxi 60 
Yixing County, more than 
southern Jiangsu 180 
Wannian County, more than 
eastern Jiangxi 35 

Pingxiang City, more than 
weatern Jiangxi 4000 
Xuancheng County, more than 
southern Anhui 2000 
Yixing County, more than 
southern Jiangsu 1200 

Fenyi County, more than 
weatern Jiangxi 220 

Pengze County, more than 
northern Jiangxi 2000 
Fengyang County, more than 
northern Anhui 1000 
Tonglu County, 965 
northern Zhejiang 
Luping City, more than 
eastern Jiangxi 150 
Yixing County more than 

100 
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Table 2 Morphological classification of caves in ·East China 

Type 
1 . Mono-storey 
A. vertical or high 

angle inclined 
B. horizontal or low

angle inclined 
a. single corridor 
b. single chamber 
c. corridors and 

chambers (alternated) 
d. branched 

2. Multi-storey 
A. deep pit connected 
B. short pit or ponor 

connected 
C. short inclined 

passage connected 
a. corrosion 
b. collapse 

D. interstratified bed 
calla se 

the middle-reach of Yangtze River and the Jiushan Cave of 
Fengyang County, northern Anhui Province. There are subsurface 
streams in these two caves. The Longgong Cave is more than 
2 Km in length. There are several big chambers in these caves, 
but speleothems are not well-developed. Much more clay deposits 
with some layers of pebbles or sands and, in some places, the 
collapsed blocks of limestone can be found on the bottom. Except 
from some big potholes, other corrosional shapes are seldom 
found. The fifth type is collapse and corrosion caves. These caves 
are formed in horizontal or low-angle inclined limestone layer with 
competent faults and joints. For example, the Yaolin Cave of this 
type is formed under the control of the fault along the axis of a 
anticline. These caves are usually multi-storey caves. There is a 
subsurface stream in the lowest storey of the cave. Other storeies 
of the cave are dry passages. Because in these caves the 
interstratified bed is very thin and broken, large-extent collapse 
happened in the later stage of development process. In some 
places, interstratified bed between two storeies is completely 
collapsed. There are a lot of speleothems in these caves, which 
are very big and with much clay. In the first chamber of Yaolin 
Cave, the stone-pillar is 5 or 6 meter in diameter. The stalagmits 
in this cave are with valied beautiful shapes. The rimestone dams, 
curtains, cave flags, small cave pearls, cave shields, stalactites, 
and the potholes, flow marks, rock pandents can be found in 
some places of this cave. The cave-top troughs are well-developed 
in the third chamber of Yaolin Cave. Collapse sinks, Pits, collapse 
blocks of limestone and thick layer of detrital depostis suggest 
that it is a large-extent collapse cave. The Hongyuan Cave of 
Luping County, eastern Jiangxi Province is another large-extent 
collapse cave in East China. In many aspects, it is like Yaolin 

. Cave. But, the rimestone in this cave is much bigger than that 
in Yaolin Cave. Each rimestone dam is about 50 cm. thick and 
with a deep hole. The largest hole as surrounded by rimestone 
dams is about 6 m. long, 2 m. wide and 1.5 m. deep. The 
Changgong Cave is also a large-extent collapse cave in East 
China. It has a karst window and a deep inclined well formed by 
collapse. These three caves are located in the eastern part of 
East China, with a same tectonic condition . 

2. Cave classification with respect to its morphology 

This is shown in Table 2. It is difficult to classify caves 
according to their morphology, because it is related to a three 
dimention space concept. For this reason , we first divided caves 
into two types: (1 ). Mono-storey caves; (2). Multi-storey caves. 
We subdivided the mono-storey caves into (1 )A. Vertical or high
angle inclined caves; (1 )B. low-angle inclined or horizontal caves. 

Name of typical caves 

Shizi (Jihjiang City), etc. 

Kaihuashiba, Yongshan, 
Jinxian, Xianren 

Longgong, Jiuashan 
Linggu 

Bianyan (Tonglu County) 

Shanjuan 
Changgong 

Yaolin 

The latter is further subdivided into (1 )Ba. Single corridor caves; 
(1 )Bb. Single chamber caves; (1 )Be. chambers and corridors 
alternated caves (with few branches); (1)Bd. Branched caves. We 
divided the multi-storey caves into (2)A. Deep Karst pit connected 
caves; (2)8. Short pit or ponor connected caves; (2)C. Short 
inclined passage connected caves; (2)0. interstratified bed 
collapsed caves. Then, according to their plane morphology, we 
subdivided them into several subtypes. The pure corrosion caves 
are usually the single corridor, single chamber or short inclined 
corrosional passage connected caves. The corrosion and erosion 
caves are usually the chambers and corridors alternated caves 
or the pit or ponor connected caves. The Hong-yang Cave which 
is a corrosion and collapse cave is a multistorey cave connected 
by a deep karst pit with its underground stream (low storey). The 
erosion and corrosion caves, such as the Longgong Cave and 
jiushan Cave are chambers and corridors alternated cave, with 
a subsurface stream. The collapse and corrosion caves are the 
short pit or ponor connected, the short collapse passage 
connected, and the interstratified bed collapse caves. Besides, 
the Linggu Cave which is a corrosion and erosion cave near by 
the Lake Taihu is a branched cave. 

3. Cave classification with respect to its volume 

We give a relative classification of length, width and highness 
to the caves of East China here: 
(1) . Lenght 
a. short cave, less than 100 meters; 
b. middle-length cave, from 100 m t6 500 m; 
c. long cave, from 500 m to 1500 m; 
d. very long cave, more than 1500 m. 
(2). Width 
a. very narrow cave, less than 1.5 m; 
b. narrow cave, from 1.5 m to 5 m; 
c. middle-width cave, from 5 m to 20 m; 
d. wide cave, from 20 m to 50 m; 
e. very wide cave, more than 50 m. 
(3) . Highness 
a. very low cave, less than 1.5 m; 
b. low cave, from 1.5 m to 5 m; 
c. middle-highness cave, from 5 m to 15 m; 
d. high cave, from 15 m to 30 m; 
e. very high cave, more than 30 m. 

The Yaolin Cave, Longgong Cave, Nielong Cave and Longquan 
Cave are four largest caves in East China. For example, the area 
of Yaolin Cave is 27,890 m2 and the volume of this cave its 
426,680 m3 (after Zhou Xuanshen , 1981 ). 
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The classification and characteristics of the cave; in east China 

RESUM 

Huang Yu/in, Lin Junshu and Zhang Yaoguang 
Institute of Geography, Academia Sinica 

D 'acord amb el seu origen geomorfo/ogic, la seva forma i els seus sediments, /es cavitats de /'Est de Xina s'han c/assificat en 
cine tipus diferents. 

Es evident que els diferents tipus de cavitats tenen /es seves propies caracterfstiques geomorfologiques. Per exemple, la cova 
Longguan excavada en roca ca/caria pura de/ Triasic inferior es molt rica en formes de dissoluci6 i espe/eotemes. A /es seves parets 
s 'han pogut establir fins 9 nivel/s diferents, a uns 30 m. d 'altura, la qua/ cosa ref/exa 9 episodis d 'elevaci6 neotectonica lenta a la 
regi6. A Jiangxi Oest hi ha gran quantitat de cavitats amb formacions abundants. A la cova Hongyan s 'ha format un pilar de 10 m. 
d() diametre. Al NO de Jiangxi, Zhejiang Oest i Jiangshu Meridional, hi ha cavitats perfectament desenvolupades, a/gunes de /es 
quals, com /es coves Yao/in, Hongyuan i Zhanggona s'han engrandit a causa d'enfonsaments. Les formacions que podem trobar 
en aquestes coves s6n d'una mida considerable, de tipus diferents i amb molt de fang. 

Hom tambe discuteix algunes possibles relacions entre /es caracterfstiques de /es coves i el relleu. 

RESUMEN 

De acuerdo con su origen geomorfo/6gico, sus formas y sus sedimentos, las cavidades de/ Este de China se han clasificado 
en cinco tipos diferentes. 

Es evidente que los diferentes tipos de cavidades tienen sus propias caracterfsticas geomorfo/6gicas. Por ejemplo, la cueva 
Longguan, situada en ca/izas puras de/ Triasico inferior es rica en formas de disoluci6n y espeleotemas. En el/a se han descubierto 
9 niveles en las paredes a unos 30 m. de altura, lo que ref/eja 9 episodios de elevaci6n neotect6nica lenta de la regi6n. Existen 
gran cantidad de cavidades con abundantes formaciones en Jiangxi Oeste. En la cueva Hongyan se ha formado un pilar de 10 m. 
de diametro. En el noreste de Jiangxi Zhejiang Oeste y Jiangshu Meridional, existen cavidades bien desarrolladas, algunas como 
las cuevas Yao/in, Hongyuan y Zhanggona, engrandecidas por /os hundimientos. Las formaciones en dichas cuevas son grandes, 
de varios tipos y con mucho barro. 

Tambien se discuten algunas relaciones entre las caracterfsticas de las cuevas y el relieve. 

SUMMARY 

According to the geomorphological origin, forms and sediments of caves in East China, five types of caves have been classified. 
It is obvious that the different patterns of caves have their own geomorphological characteristics. For example, the Longguan 

cave developed in the lower Triassic pure limestone is rich in solutional features and spe/eothems. Nine parallel sidetroughs on the 
walls about 30 m high have been discovered in the cave, that reflects 9 times slow and intermittent neotectonic uplifting in this 
region. There are lot of caves with aboundant speleothems in the West Jiangxi. A stone pillar 10 m in diameter has been formed 
in the Hongyan cave. In the northeastern Jiangxi, Western Zhejiang and Southern Ji Jiangshu Provinces, there are many well 
developed caves, some of which such as the Yao/in cave, Hongyuan cave and Zhanggone are further enlarged by the collapses. 
Speleothems in the caves are very large, various shapes and with much clay. 

Some relations between the characteristics of caves and the /andform have been discussed. 
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Expeditions speleologiques fran~aises en equateur 

Eric de Valicourt 

RESUM 

Des def 1982 s 'han rea/itzat quatre expedicions franceses (SSPPC- Pau HSN-Lyon) a aquest petit pafs de /'America de/ Sud. 
Aquestes expedicions han encetat un cataleg espe/eologic de l 'Equador -unes 300 cavitats- de /es quals han esta explorades una 
quarentena, la qua/ cosa suposa uns 20 km. de topografies. Aquesta recerca ha posat en evidencia l'existencia d 'una serie de 
carsts d 'extensi6 redui'da a la Costa (Cova de Barberanos, 200 m.), de pseudocarsts, sovint de natura/esa volcanica, a la serra i a 
/'orient (a la vessant amazonica de/s Andes), de carsts molt mes estesos a la zona calcaria cretacica o Jurassica. Al Nord, el carst 
d 'Archidona, /es coves mes importants def qua/ s6n la cova de San Bernardo, 2.460 la d 'Eturco-Uctu, 2.060 m., a la part central. 
La regi6 de Nera (captaci6 de/ riu Puyo, 300 m.) i, finalment, al sud, la serralada de Cutucu amb la cova de Shimpiz, 2.223 m. A 
mes, en aquest treba/1, hi consta tambe /'historia/ de totes /es expedicions efectuades a aquest pafs i una relaci6 de /es cavitats 
mes important$. 
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RESUMEN 
Desde 1982 se han realizado cuatro expediciones francesas (SSPPC-Pau-HSN-Lyon) en este pequefio pals de America def Sur. 

Estas expediciones han iniciado un catalogo espelelogico def Ecuador (unas 300 cavidades) de la que han sido exploradas una 
cuarentena, lo que supone unos 20 km. de topograffas. Estas investigaciones nos muestran pequefios karsts en la Costa (Cueva 
de Barberanes, 200 m.), pseudo-karsts a menudo volcanicos en la Sierra y en el Oriente (en la vertiente amazonica de en los Andes), 
varios karsts mucho mas extendidos en ca/izo cretacico o Jurasico. Al Norte, el karst de Archidona cuyas cuevas mas importantes 
son la Cueva de San Bernardo, 2.460 m. y Eturco-Uctu, 2.060 m., en el centro, la region de Mera (Captacion def Rio-Puyo, 300 m.) 
y finalmente al Sur, la cordillera de Cutucu (Shimpiz, 2.223 m.). Ademas afiadimos igua/mente el historia/ de todas las expediciones 
en este pals y la lista de las principales cavidades. 

RESUME: 
Depuis 1982, quatre expeditions franr;:aises (SSPPO-Pau et HSN-Lyon) ont eu lieu dans ce petit pays d'Amerique du Sud. Ces 

expeditions ont commence un inventaire spe/eologique d l'Equateur (environ 300 cavites) et en ont explore une quarantaine, 
representant environ 20 kilometres de topographies. Ces recherches font apparaitre de petits karsts sur la Costa (Cueva de Ba/ears, 
200 m.), de pseudo-Kants souvent vo/caniques dans la Sierra et dans l'Orientee (versant amazonien des Andes) plusieurs Karsts 
beaucoup plus etendus dans un calcaire cretace ou jurassique: Au Nord, le karst d 'archidona dont /es deux plus grandes cavites 
son la Cueva de San Bernardo, 2.460 m. et Eturco-Uctu, 2.060 m., au centre, la region de Mera (Captage du Rio Puyo, 300 m.) et 
enfin, au sud, la cordillere de Cutucu (Shimpiz, 2.223 m.). En outre, sont fournis egalement /'historique de toutes /es expeditions 
dans ce pays et la liste des principales cavites. 
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Las Grandes Cavidades de Cantabria 

RESUM 

Jose Leon Garcia 
Plenario F. E. E. 

S'actualitzen fins 1-1-86 els recorreguts i /es profunditats de coves i avencs d'entre els 2.000 i 3.000 m. o els -200 i -300 m. , 
respectivament, i se situen referint el terme municipal, pob/e mes proper, coordenades, etc., que son dades freq0entement publicades 
amb errors. Es dona preferencia al nom original de la cavitat, que no es sempre el mateix que el que horn utilitza dins el mon 
espe/eo/ogic, mentre que els noms estrangers han estat substiturts per noms autoctons, d'acord amb el grup espe/eo/ogic que els 
va descobrir. S'afegeix sempre el nom de/s grups que han treballat a cada cavitat. 

Aquest es el resum d 'un treball mes ampli que en aquests moments esta practicament enllestit i que inclou totes /es cavitats 
cantabres que superen els 1.000 m. i els -100 m. 

RESUMEN 

Se actua/izan hasta el 1. 1.86 los recorridos y profundidades de las cuevas y simas entre los 2.000 y 3.000 m. o bien -200 y 
- 300 m. respectivamente. Se situan dando el distrito municipal, pueblo, coordenadas, etc. de cada uno de los que frecuentemente 
se publicaron con errores. Se da preferencia al nombre original de la cavidad, que no es siempre el mismo que se usa en el mundo 
espeleol6gico, y los nombres extranjeros han sido substituidos normalmeote por nombres de/ lugar con el acuerdo def grupo 
espe/eo/ogico que /es dio el nombre. Se afiade siempre el nombre de /os grupos que han trabajado en cada cavidad. 

Este es el resumen de un trabajo mas amplio que ya esta practicamente acabado y que incluye todas las cavidades cantabras 
que superan los 1.000 y -100 m. 

SUMMARY 

As well as bringing up to date 1-1-86 the lengths and depths of the caves and pot-holes between 2.000 and 3.000 m. or -200 
and -300 m. respectively, these follows the municipal district, village, co-ordinates, etc. of each one, which are details often published 
with mistakes. The original name of the cave, which is not always the same as the one used in the speleological world is preferred, 
and the foreign names have been substituted, normally by place-names, with the agreement of the caving group which named them. 
The caving groups which have worked in each cave are also included. 

This is a summary of a large work, which is practically finished, including all the cantabrian caves bigger than 1.000 and -100 
m. 

Colaboradores 

La realizaci6n de un trabajo como este no hubiera sido posible 
sin la colaboraci6n entusiasta de un cierto numero de personas 
que, a riesgo de alguna omisi6n, tengo el deber de citar. Mi 
agradecimiento especial a Luis A. JORDE por su apoyo material 

y moral. Vaya mi agradecimiento igualmente para A. ALGUERO 
(ECTor), J.B. ANDRES (SESCEV), L. AZCONA, E.BAJET (ASCh), 
P.R. BILBAO (GESCAT), R. BOHIGAS (SAEC), A. BONACHERA, 
B. BOUCHARD (SCCh), E. BOYER (SCMJC), T. CANALES, J. 
COLINA (SCC), D. DIEZ (GAES), J. M.a ESCACHX (ENEOJE), R. 
FERNANDEZ (GELL), V. FERNANDEZ (SESS), P. GALAY (SEV), 
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M.• A. GARCIA, P. GUENEAU (ARES), N. HERRERO (SEIi), P. 
IBERSON (AUSS), R. ITURRALDE, J. LAVIN, L. LLATA (SEL), J.L. 
MEMBRADO (ECG), J.T. MOLINERO (GELL), A.L. MOY ANO (UEV), 
J.M. DEL MORAL (AER), Ph . MORVERAND (SGCAF), R. ORTIZ, 
J.M.• PICO, A. PINTO (GEPUSCIATICA), C. PUGH (STD), P. SMITH 
(MUSS) y E. TORRES (SCC). 

Entidades Espeleol6gicas Aludidas 

AAEET Grupo A.A.E .E.T. (Valls, Tarragona). 
ACEM Agrupacion Cient. Excurs. Mataro (Mataro, Barcelona). 
AER Asociacion Espeleologica Ramaliega (Ramales, Cantabria). 
AM Alpina de Millau (France). 
ARES Ass . Rech. et d 'Expl. Sout. (Dijon, France). 
ASCh Ass. Spel. Charentaise (France). 
BB Bielsko-Biala (Polska). 
BT Bath Troglodytes (United Kingdom). 
GAF Club Alpin Franc;;ais. 
GAS Club Actividades Subterraneas (Bilbao). 
CASAPM Com. Act. Subt. de Asoc. Polaca de Mont. (Warszawa, 
Polska). 
CASTAR C.A.S.T:A.R . (Lille, France). 
CEACentro Espeleologico de Aragon (Zaragoza). 
CEG C. E. de Gracia (Barcelona). 
CNEOJE Camp. Nae. Esp. Org. Juv. Espanola (Ramales, Canta
bria). 
OS Dijon-Speleo (Dijon, France). 
ECG Espeleo Club de Gracia (Barcelona). 
ECS Espeleo Club de Sabadell (Barcelona). 
ECSalou Espeleo club de Salou (Tarragona). 
ECT Espeleo Club de Tarragona (Salou, Tarragona). 
ECTor Espeleo Club de Tortosa (Tortosa, Tarragona). 
ECV Espeleo Club de Varsovia (Polska). 
ENEOJE Esc. Nae. Espeleologfa, Org. Juv. Espanola (Barcelo
na). 
EREAEC Agrup. Excurs. de Catalunya (Barcelona). 
ERECEC Equip Rec. Esp. del Centre Exe. Catalunya (Barcelo
na). 
FJS Frente de Juventudes de Santander. 
GAES Grupo de Actividades Espeleologicas (Bilbao). 
GEC Grupo Espeleologfa Comando (Valencia). 
GECant Grupo de Espeleologfa Cantabro (Santander). 
GEE Grupo Espeleologico Esparta (Baracaldo, Vizcaya). 
GELL Grupo Espeleologfa La Lastrilla (Castro Urdiales, Canta
bria) . 
GEM Grupo Espeleologfa Montar'ies (Santander). 
GEPUSCIA TICA Grupo Esp. Perduraremos Un Siglo. .. (Santan
der). 
GEO Grupo Espeleologfa Querneto (Madrid) . 
GESCAT Gr. Esp. Santander del Club Alpino Tajahierro (Santan
der). 
GESCECart Centro Excursionista de Cartagena (Murcia). 
GESCMB Gr. Expl. Subt. del Club Montar'ies Barcelones (Barcelo
na). 
GESL Grupo Espeleologfa Santa Lucfa (Santander). 
GET Grupo Espeleologico Torca (Laredo, Cantabria). 
GEV Grupo Espeleologico Vizcafno (Bilbao). 
GEVS Grupo Esp. Vallisoletano Spelaeus (Valladolid). 
GFB Guardia de Franco de Bilbao. 
GGG Grupo Geografico de Gracia (Barcelona). 
GIE Grupo lnvestigaciones Espeleologicas (Barcelona). 
GIM Grupo llicitano de Montana (Eiche, Alicante). 
GJE Grupo Juvenil de Espeleologfa (Santander). 
GL Grupo de Umpias (Umpias, Cantabria). 
GPCS Grupo Proyeccion Cultural de Santander., 
GSL Groupe Speleo Lombrics (Loos, France). 
LUSS Lancaster Univ. Spel. Soc. (Lancaster, United Kingdom). 
MJCM M. J. C. Montbard (France). 
MUSS Manchester Univ. Spel. Soc. (Manchester, United King
dom). 
NPC Northern Pennine Club (Lancaster, United Kingdom). 
OUCC Oxford Univ. Cave Club (United Kingdom). 
SAEC Soc. Activ . Espeleologicas de Cantabria (Santander). 

SAGA Spel. Arbeits Gr. Aachen (R.F. Alemana). 
SCA V Speleo Club Alpino Valenciana (Valencia). 
SCC Speleo Club Cantabro (Santander). 
SCCh Speleo-Club de Chablis (France). 
SCO Speleo-Club de Dijon (France). 
SCMJC Speleo-Club Maison Jeunes Culture (Rodez, France). 
SCP Speleo-Club de Paris (France). 
SGS Speleo-Club de la Seine (France). 
SECEM Sec. Esp. del Centre Exe. Montserrat (Manresa, Barcelo
na). 
SECS Soc. Esp. Cabezon de la Sal (Cantabria) . 
SEG Sec. d 'Espeleologia Gelera (Barcelona). 
SEIi Seccion Esp. lngenieros lndustriales (Madrid). 
SEL Soc. Espeleologfa Lenar (Santander). 
SESCEV Sec. Expl. Subt. del Centro Exe. de Valencia. 
SESP S.E.S. Puigmal (Barcelona). 
SESS Seccion Esp. Seminario Sautuola (Santander). 
SGCAF Speleologues Grenoblois du Club Alpin Franc;;ais (Greno
ble, France). 
SIRE Union Excursionista de Cataluna (Barcelona). 
SIS Sec. d 'lnvest. Subt. del Centre Exe. Terrassa (Barcelona). 
SKM Speleoklub Morsky PTTK (Gdynia, Polska). 
SMCC Shepton Mallet Caving Club (United Kingdom). 
SEV Societat Espeleologica de Valencia (Valencia). 
SSB Soc. Spel. de Bourgogne (Dijon, France). 
STCEV Seccio Talps Centre Exe. del Valles (Sabadell , Barcelo
na). 
UEV Union Espeleologica Vallesoletana (Valladolid) 
STD Grupo Espeleologfa Standard (Madrid). 
ULSA Univ. of Lees S.A. (United Kingdom). 
UP Univ. de Paris (France). 
wee Wessex Cave Club (United Kingdom). 

lnterpretaci6n y consideraciones 

Comienza cada ficha con un numero que determina su posi
cion en orden al desarrollo o desnivel de la cavidad cuyo valor 
se situa al lado. 

Normalmente, el nombre va precedido de la abreviatura C., 
S. o T. para definir cueva, sima o torca. En primer lugar figura 
el «nombre principal», en cuya eleccion ha prevalecido siempre 
el asignado por los lugarenos, si existe y hemos llegado a el. El 
sinonimo (sin.) mas usado, cuando le hay, se da a continua
cion. 

Al lugar (1 .) de ubicacion, le sigue la Entidad Colectiva (ec.) 
o Singular (es.) de Poblacion a que pertenece oficial o tradicional
mente el terreno en que esta enclavada la cavidad, con indicacion 
de la categorfa (aldea, caserfo, lugar, barrio, concejo, mancomuni
dad, villa, etc.). Luego figura el termino municipal (t.m.) en que 
se encuadra la entidad. 

Las entidades espeleologicas (ee.) que han participado en la 
exploracion o estudio de la cavidad figuran en orden cronologico, 
sin distincion alguna de la importancia de su aportacion. Los 
guiones indican expediciones conjuntas. Se han omitido intencio
nadamente las actuaciones personales, que tanto han significado, 
de C. Mugnier, J.-P. Combredet, etc. 

Por ultimo, se da la situacion , en coordenadas (coord.), de la 
mayor parte de las cavidades. El meridiano de referencia puede 
ser el de Madrid (M) o el de Greenwich (G), cuando no se hayan 
empleado UTM o Lambert (L) . 

Por razones obvias, no es posible citar la documentacion 
consultada, su extension supondrfa un trabajo mas amplio quiza, 
que el presente. Quiero senalar que se intento llegar a toda la 
informacion, publicada o no, sobre cavidades cantabras, y practi
camente se consiguio. Esto no excluye que pueda existir algun 
error u omision que, si es comunicado, se tendrfa encuentra para 
futuras actualizaciones. 

Cavidades no inventariadas 

_ Se relacionan aquf una serie de cavidades cuya incorporacion 
a este trabajo no ha sido posible por falta de garantfas respecto 
a sus medidas o ante el riesgo de duplicar una misma cavidad. 
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Estas son : S. Alpina (-100, Arredondo/Seba), C. de/ Aspio 
( > 1.000, Ruesga) , S. de la Barto/a ( > 1.000, Reocin) , C. de las 
Brujas (1 .500, Henerfas), Pozo de/ Castillo (-293, Cillorigo-Castro) , 
Pozo de/ Compromiso (-180, Cillorigo-Castro) , S. de/ Cordon de 
las Sierras (-200, Soba), Sima E.C.G. n.0 2 (-102, Arredondo), 
S.G.C. 11 (- 105, Soba), Pozo de/ Hasta Luego (-166, Cillorigo
Castro) , S. de/ Hornijal de la Mosqueta (-150, Soba), S. Jean-Pierre 
(-100, Arredondo/Seba) , S. de las Losas ( > -100, Soba), C. de 
la Mora (1075, Cillorigo-Castro) , C. de Peines II ( > 1.000, Castro 
Urdiales), S. Portillo el Hornijo (-130, Soba), C. de El Salin 
( > 1.000, Val de San Vicente) , C. Surgencia 1 (1 .200, Liendo) , 
S. de/ Torno (- 150, Soba). 

Las grandes cavidades de Cantabria 
Desarrollos (Rango: 2.000 a 3.000 m, -200 a -300 m.) 

36 2.852 m. LA CUE.VONA, I. Vinueva, es. lugar de Quijas, 
t.m . Reocin, ee. SESS, coord . (UTM) X409050 Y4800450 Z?O m. 

37 2.750 m. S. DE LA CALACA, sin . LLC 2, I. Liana La Cueva, 
es. lugar de Aja, t.m. Soba, ee. SEIi. 

38 2.526 m. S. DEL HOYON, sin. VT-4, I. El Hoyon (A/isas), 
ec. Bustab/ado, t.m. Arredondo, ee. ECTor-AAEET, coord. (VTM) 
X447555 Y4793330 Z571 m. 

39 2.500 m. C. DEL COVERON, sin. n.0 2, I. Hoyo de/ Mortiro, 
es. /ugar de Riba, t.m. Ruesga, ee. SESS, MUSS, coord. (UTM) 
X454310 Y4793780Z300 m. 

40 2.300 m. S. DEL ROZACARIN, sin. S. Hoyuhigal, /. prau 
de Rozacarin, t.m. Rionansa, ee. SCC, coord. (UTM) X384790 
Y4792568 Z196 m. 

41 2.157 m. C. DEL POZO DEL INFIERNO, sin. PN-11-206, /. 
Coto de/ lnfierno, t.m. Periarrubia, ee. STCEV, ECS, coord.(M) 
X(J'56'44 "O Y43016 '32" Z310 m. 

42 2.050 m. LAS FUENTES DEL GANDARA, /. nacimiento de/ 
do Gandara, es. lugar de Lavin, t.m. Soba, ee. SCD, SCP, coord. 
(UTM) X452850 Y4782700 Z600 m. 

43 2.027 m. C. DE LAGUERRE, /. LaCuerre, t.m. Rionansa, 
ee. sec, coord. (UTM) 4 bocas X385250 Y4795009 Z468, X385258 
Y4794967 Z465, X385176 Y4794981 Z470, X484998 Y4794985 
Z474 m. 

44 2.014 m. C. DE CUDON, es. lugar de Cudon, t.m. Miengo, 
ee. SESS, coord. (UTM) X418190 Y4807705 Z38 m. 

Desniveles 

34 -297 m. RED T. DEL COTERON-C. CUB/O DE RE.NADA- T. 
DE AZPIL/CUETA. Ver desarrol/os (n.0 4). 

35 -293 m. S. DE LA CUEVONA, sin. La Arenosa, I. Prao 
Janroi, t.m. San Felices de Buelna, ee. GJE, SESS, NPC, ECT, 
ECG, coord. (UTM) X413450 Y4793800 Z475 m. 

36 - 280 m. S. DEL BLOQUE, sin. LLS, /. La L/usa, es. /ugar 
de Aja, t.m. Soba, ee. SSB, SEIi. 

37 - 277 m. S. GARMA CIEGA 19, sin. GC 19, I. lapiaz de 
Garma Ciega, es. lugar Astrana/Aja, t.m. Soba, ee. SSB (?), SEIi. 

38 276 (-216, + 60) m., C. DE LA CANAL DEL EMBUDO, sin. 
Gully Cave, I. col/ado de Liordes, es. lugar de Espinama, t.m. 
Camalerio, ee. wee, coord. (M) X1° 08 ' 20·0 Y4:P 09' 04" Z1640 
m. 

39 - 275 m., COMPLEJO JAPEROSA-PEGOYUS, sin. GC 10-12-
17-23-24-26-28-30, I. /apiaz de Garma Ciega, es. Astrana/Aja, t.m. 
Soba, ee. SSB (?) SEIi. 

40 - 268 m., T. LARGA, sin. C-17 y C-18, I. Cantos de la 

Liebre, es. Aldea de Calseca, t.m. Ruesga, ee. SESCEV, SCA V, 
coord. (M) X(J' 01 ' 46"E Y4:P 14 ' so· Z1150 m. 

41 - 266 m., S. GRANDE DE LA PORRA, /. ladera norte Alto 
de la Porra, ec. Bustablado, t.m. Arredondo, ee. SCD, coord. 
(UTM) X446775 Y4788950Z1074 m. 

42260 (-130, + 130) m., C. FRESCA. Ver desarrollos (n. 0 9) . 
43 - 260 m., S. DEL POZO NEGRO, sin. CA 2, I. Peria Lavalle , 

es. lugar de Arredondo, t.m. Arredondo, ee. SGCAF, coord . (UTM) 
X448740 Y4789850 Z815 m. 

44 257 (-185, + 72) m., SUMIDERO DE MONTICUEVA. Ver 
desarrollos (n. 0 17). 

45 -254 m. T. DE LOS HAYEDOS, sin LR-100 I. La Rasa, es. 
lugar de Astrana/Aja, t.m. Soba, ee. SEIi. 

46 -254 m., S. LEVANTADA, /. monte Mullir, t.m. Voto , ee. 
GET, SEL, coord. (UTM) X455260 Y4795990 Z718 m. 

47 -248 m., S. DEL PAPO, /. La Mue/a, ec. Bustab/ado, t.m. 
Arredondo, ee. SCD, coord. (M) X(J' 01 ' 10"E Y4:P 15' 16" Z890 m. 

48 - 247 m. , SISTEMA BUHO-SUMIDERO. Ver desarrollos (n.0 

25). 
49 244 (-84, + 160) m., C. DE LA CANUELA. Ver desarrollos 

(n.0 11). 
50-243 m., S. DEL COTO, sin. sima 277, es. aldea de Calseca, 

t.m. Ruesga, ee. SCD, coord. (M) X(J' 00 '17" E Y 4:P 15' 20" 
Z860 m. 

51 -240 m., S. CANAL DE LAYA 47, sin. CL-47, I Canal de 
Laya, ec. Bustab/ado, t.m. Arredondo, ee. ECG, coord. (UTM) 
X444295 Y4790800Z835 m. 

52 - 240 m., SIMA 320, /. Cantispue/a, es. lugar de San Pedro, 
t.m. Soba, ee. SSB. 

53 - 235 m., T. DEL CANON, /. Cantispue/a, es. lugar de San 
Pedro, t.m. Soba, ee. SSB, coord. (M) XOO 06'30" E Y4:P 14 ' 55" 
Z1144 m. 

54 -230 m., C. LA MARNIOSA. Ver desarrollos (n.0 34). 
55 - 228 m., S. TONIO, sin. CA 31, I. Buzu/ucueva, es. lugar 

de Aredondo, t.m. Arredondo, eec. SGCAF, coord. (UTM) X449220 
Y4790605 Z725 m. 

56 - 225 m. , SISTEMA AGUA SOPLADORES ver desarrollos 
(n. 0 14). 

57-224 m. , S. DE LA TORMENTA, sin. CA 28, 1. Pena Lavalle, 
es. a/dea de Ason, t.m. Arredondo, ee. SGCAF, coord. (UTM) 
X448700 Y4789860Z814 m. 

58 -217 m. , POZO CUADRANGULAR, sin. Pozo Castin, I. 
Pena Lavalle, es. Val de Ason, t.m. Arredondo, ee. SCD, SEG-ERE
S/S-ECG, SGCAF, coord. (UTM) X449150 Y4789220 Z1020 m. 

59 -215 m., T. REGATO CALERO I, sin. RN-37, 1. Regato 
Calero, es. /ugar de Ojebar, t.m. Rasines, ee. GAES, coord. (UTM) 
X468290 Y4792477 Z465 m. 

60 - 210 m., S. DE LA LLUSA, sin. LL. 1, I. La L/usa, es. lugar 
de Aja, t.m. Soba, ee. SSB, ARES, SEIi, coord. (M) XOO 07' 02"E 
Y4:P 14 ' 08" Z1200 m. 

61 - 209 m., T. DE LA YUSA, sin. n.0 135, I. Cabanas de/ 
Mortero, es. aldea de Calseca, t.m. Ruesga, ee. GESCMB, SES
CEV, coord. (M) X(J' 01 ' 18"E Y4:P 15' oo· Z910 m. 

62 -208 m., SIMAS DE LLANA LA CUEVA 5-9-10-11 , sin. LL 
C 5-9-10-11, I. Liana la Cueva, es. lugar de Aja, t.m. Soba, ee. SEIi. 

63 - 203 m., S. BUSTABLADO 21 , sin. BU-21, I. Haza de 
Bernal/an, ec. Bustablado. t.m. Arredondo, ee. ECG, SCD, coord. 
(UTM) X445115 Y4790145 Z935 m. 

64 - 200 m., SIMA JO.38 r Jou Oscuro, es. lugar de Espinama, 
t.m. Camalerio , ee. ASCh. 

65 - 200 m., S. PICON DEL FRAILE 3, sin. PF 3, I. Picon de/ 
Fraile, ec. mancomunidad Canedo-Valcaba, t.m. Soba, ee. GSL
SCP. 
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Ecologia 
Defensa del Valle Karstico del Arlanza 

por Juan Antonio Bonilla Serrano 

RESUM 

Per mitja de /'exposici6 dels diversos aspectes geografics, geologies, hidrologics, hidrogeo/ogics, morfologics, tectonics, climatics, 
edafo/ogics, etologics, arqueologics, florfstics, faunfstics i paisatgfstics que incideixen en /'existencia def Valle def Arlanza (Burgos, 
comunitat autonoma de Castella·Lle6) vo/em fer veure la inconveniencia de construir un embassament que ho anegaria tot, destruiria 
indrets d 'interes arqueo/ogic i monumental, alteraria el microclima zonal, anihilaria una fauna en gran part protegida, alteraria fa xarxa 
subterrania i destruiria tambe, parcialment, un dels mes grans savinars def m6n. Es recomana, doncs, la protecci6 i conservaci6 
d 'aquest paratge, declarant·lo Pare Natural Nacional. 

RESUMEN 

Se trata, mediante la exposici6n de los variados aspectos geograficos, geol6gicos, hidro/6gicos, hidrogeol6gicos, morfo/6gicos, 
tect6nicos, climaticos, edafo/6gicos, eto/6gicos, arqueo/6gicos, florfsticos, faunfsticos y paisajfsticos que existen e inciden en la 
existencia def Valle def Arlanza (Burgos. Comunidad Aut6noma de Castilla·Le6n. Espana) la inconveniencia de construir un embalse 
que lo anegarfa, destruyendo sitios de interes arqueo/6gico y monumental, asf como la a/teraci6n def microclima zonal, aniquilaci6n 
de una fauna mayoritariamente protegida, alteraci6n de la red suba/vea, asf como tambien la destrucci6n parcial de uno de /os 
mayores sabinares def mundo recomendando la protecci6n y conservaci6n def lugar bajo la dec/araci6n de Parque Natural Nacional. 

SUMMARY 

We are going to show the inconvenience of building a dam on the river Arlanza by means of revealing the different geographical, 
geological, hydrological, hydrogeological, morphological, tectonica/, climatic, edapho/ogica/, ethological, archaeological aspects and 
also taking into account the flora, the fauna and landscape that exist and affect the natural life of the River Arlanza Valley (Burgos, 
Autonomous Region of Castile and Leon, Spain). 

This dam would flood a part of the Valley, ruinning some places of great archaeological and monumental value, as well as 
altering the zonal microc/imate, distroying a mostly protected fauna, changing the underground network of the riverbed and also 
leading to the partial destruction of one of the biggest sabine growing areas in the world, 

In consequence of that it is highly recommended to protect and to preserve this zone, proclaiming it «National Wildlife Refuge». 

Preambulo 

Es en el dfa 26 de Julio de 1929 donde y en el archive de la 
extinguida Comisi6n para el estudio de Obras Publicas aparece 
un informe sabre la impermeabilidad del vaso donde se pensaba 
localizar el embalse y que no era otro que el Valle del Arlanza. 
En Noviembre de 1934 se realizaron 150 ml. de taladros que 
dieron como resultado el conocer un accidente tect6nico en las 
inmediaciones del Monasterio de San Pedro de Arlanza y que en 
el supuesto del llenado del vaso una amplia zona de rocas muy 
fisuradas quedarfan anegadas. En el ano 1935 se aprobaron los 
presup_,uestos para la realizaci6n de 525 ml. de taladros y que 
no se pudieron llevar a efecto en su totalidad debido a la contienda 
civil del 36·39. Es en 1943 donde se retoman iniciativas preparan· 
do un trabajo sabre la viabilidad del proyecto fijandose la situaci6n 
de la presa a la altura del hito km. 18 de la carretera de Salas 
de los Inf antes a Palencia C· 110 y con una altura de muro de 45 
mts. En Noviembre de 1965 se inician los trabajos de removici6n 
de tierras donde apoyar el blondfn . El 10 de Junia de 1966 en 
un informe se dice « ... es imposible establecer en este terreno 
la presa de gravedad proyectada ... ». En agosto de 1967 se presen· 
ta un nuevo proyecto y asf hasta el momenta presente en que 
merced a los movimientos de ecologistas, ec61ogos, Colegios de 
profesionales, Ministerio de Cultura y otros se ha logrado parar 
la catastrofe que iba a suponer la construcci6n del embalse y 
que afectarfa a la flora y fauna, a restos arqueol6gicos importan· 
tes, al microclima y a aspectos econ6micos diffciles de evaluar 
y cuantificar. 

Situaci6n geografica 

El Valle del Arlanza, se halla situado en la Provincia de Burgos 
(Espana) perteneciente a la Comunidad Aut6noma de Castilla· 
Leon , al SE de la capital y entre los 0°.7° de longitud E y los 
42°·06 y los 41 °.59 de latitud N. 

Se halla recorrido en toda su longitud y le presta el nombre 
a su vez, por el rfo Arlanza de 150 kms. de recorrido y que 
naciendo en la sierra de Neila -Sistema lberico desemboca en 
el Arlaz6n para a su vez hacerlo en el Pisuerga y finalmente en 
el Duero. El Valle del Arlanza tiene 26 kms. de desarrollo y 
practicamente en toda su geograffa esta atravesado por la carrete· 
ra comarcal C· 110 de Salas de los lnfantes a Palencia. 

La Provincia de Burgos, que se halla dividida en dos grandes 
areas, la Altiplanicie y los Paramos, es en aquella, el altiplano, a 
donde pertenece la zona que nos ocupa, tierras de transici6n 
entre el Sistema lberico y la gran cuenca sedimentaria del rfo 
Duero. La altura maxima se situa en el alto de San Carlos (Pena 
Carazo) con 1.465 mts. y las mfnimas en Hortiguela con 914 mts. 
en la cabecera del Valle y Retuerta con 900 mts. que era el lugar 
elegido para situar la presa. 

Las tierras del Valle, pertenecen a los municipios de Cascaja· 
res , Hortiguela, Contreras, Monasterio de San Pedro, Retuerta y 
Covarrubias. Los municipios que quedarfan anegados serfan los 
de Cascajares, Hortiguela y Retuerta. 
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Hidrologia 

Existen varios arroyos y torrentes de actividad varia e intermi
tente y que desembocan todos ellos en el rfo Arlanza, curso 
principal fluvial ctel Valle, con 26 kms. de recorrido en dicho valle 
y 47 mts. de desnivel entre las cotas 930 mts. en Barbadillo del 
Mercado y la 890 mts. de Covarrubias con una pendiente de 
0,0954° y medida en tanto por ciento de 0,000016667 % curso 
muy meandrizado, que nos da en una medida lineal de 8 kms 
24 kms. de recorrido. 

Pertenece a una red hidrografica inadaptada a la estructura 
morfol6gica. Es una red sobreimpuesta por la tect6nica regional 
que pliega y fractura la zona, discurriendo en materiales oligoceni
cos y posteriormente en calizas del Cretacico, con abundancias 
en terrazas fluviales de aluvi6n . 

Climatologia 

Dadas las dimensiones del Valle, las diferencias climaticas 
son muy pequenas. Podemos hablar de un microclima con tempe
raturas medias al ano 10-11 grados y con oscilaciones entre 
maxima y mfnima de 11 grados C. 

La duraci6n media del perfodo de heladas es de 7 meses. 
La pluviometrfa media anual es de 800 mm. a 600 mm. y el tipo 
de clima es el del mediterraneo templado. 

Dada la meandrizaci6n del Valle y su direcci6n E-W se produ
cen zonas de umbrfa y soleadas que inciden en su microclima. 
Las corrientes de aire son ascendentes por el dfa, siendo descen
dentes -por involuci6n termica- por las noches, produciendose 
en el estio tormentas de una cierta intensidad. 

Geologia 

Las calizas son del Mesozoico. El lfas es margoso y en el 
Cretacico superior tenemos el Cenomanense y Turonense con 
alternancias calizas y margosas. Existen dep6sitos detrfticos del 
Cenozoico, asf como pudingas. Conglomerados oligocenicos exis
ten en el lugar donde se iba a asentar la presa. Tambien conglo
merado miocenico y sedimentos aluviales y diluviales. Todos ellos 
discordantes a lo largo del Valle. Por ultimo las facies son wealden
se y utrilla. 

Morfologia 

La Zona que nos ocupa, se halla situada dentro del sector 
occidental de la Sierra de la Demanda (Sistema lberico) y estable
ce su contacto entre el afloramiento paleozoico de aquella y la 
cuenca terciaria de Castilla la Vieja perteneciente a la gran cuenca 
miocenica del Duero. 

Las unidades de relieve se agrupan en tres conjuntos: 
A/.- Unidades de relieve plegado al S. de la Sierra de las 

Mamblas. Son el sinclinal recorrido por el rfo Mataviejas, la b6veda 
anticlinal del Alto del Medio y el sinclinal de Covarrubias, la 
b6veda anticlinal de San Pedro de Arlanza y la propia Sierra de 
las Mamblas. 

B/.- En el extremo oriental caracterizado por formas de relieve 
inverso. De sur a norte, tenemos la combe de Carazo, el sinclinal 
colgado de Pena Carazo, la combe de Contreras, el sinclinal 
colgado del Gayubar y la combe de Quintanilla de las Vinas. 

C./- La tercera unidad de relieve , viene marcada por los 
vallejos generados por el curso principal fluvial -rfo Arlanza- que 
discurre por su centro. 
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Las calizas estan muy karstificadas, que dan origen a una 
rica red subalvea, freatica y vadosa, con un importante acuffero 
en el sinclinal de Covarrubias y a la formaci6n de cavidades de 
las cuales tenemos censadas unas cuarenta de recorrido mas 
bien pequeno, siendo las principales las 12 de San Pedro de 
Arlanza, 7 en Contreras, 7 en Hortiguela, 2 en Retuerta, 4 en 
Covarrubias, 2 en Barbadillo del Mercado, 2 en La Revilla y una 
en Revilla del Campo. 

Tectonica 

Es fundamentalmente Alpfdica, con grandes pliegues de co
bertera. La litologfa es heterogenea en las formaciones cretacicas 
y jurasicas. La orientaci6n NW-SE de los plegamientos concuerdan 
con el macizo paleozoico, aunque se observa una cierta discor
dancia de la cobertera con respecto al z6calo en las fases orogeni
cas terciarias con variaciones en la direcci6n de los pliegues. 

Arqueologia 

Se han encontrado restos del Musteriense en la cueva de 
San Pelayo, al lado de San Pedro de Arlanza. En la cueva Riscos 
de Estillfn, apareci6 un taller de sflex y ceramicas del bronce asf 
como tambien el bronce aparece en la cueva La Mina. En las 
terrazas fluviales aparecen diversos talleres de sflex y el lugar 
donde se pensaba situar la presa aparecieron restos de «pebbe
touls». 

Castros celtas se han hallado en La Muela (Sierra de las 
Mamblas) San Carlos en la Pena de Carazo y Pena Cervera en 
la Sierra de Cervera, asf como otro probable en Quintanilla de 
las Vinas. El Monasterio de San Pedro de Arlanza, se halla situado 
encima de una basflica visig6tica, que a su vez esta encima de 
un templo romano y quizas este construfdo sobre un lugar sagrado 
celta. Es de resenar la importancia que tiene dicho Monasterio 
para la historia de Castilla, por ser ordenada su construcci6n por 
el Conde Fernan Gonzalez primer Conde soberano de la antigua 
Bardulia habiendo reposado sus restos y los de su esposa D.8 

Sancha hasta fechas recientes en que fueron trasladados a la 
Colegiata de Covarrubias. 

Se han localizado varios asentamientos romanos y una calzada 
romana que discurria aproximadamente por donde en la actuali
dad va la C-110 de Covarrubias a Barbadillo del Mercado. 

Flora 

En el supuesto de construirse el embalse, 114.000 pies de 
arboles desaparecerfan, de ellos 31,968 chopos, 6.793 olmos, 
5.307 robles, 17.406 fresnos, 3.182 manzanos, 213 ciruelos, 1.064 
cerezos, y guindos, 10 melocotoneros, 19 membrilleros, 2.579 
almendros, 363 nogales y 45.070 enebros y sabinas. 

De especial importancia son las especies de sabina Alvar y 
Quercus Furticosa, este ultimo un arbusto muy raro en Europa 
y en vfas de desaparici6n. 

El sotobosque, esta formado mayoritariamente por tomillos, 
espliego, ceballos en forma de arbusto, coscoja y pastizales es
pontaneos, dandonos el perfil del suelo una medida que va desde 
pocos a 30 ems. lo que, naturalmente, condiciona la existencia 
de las especies resenadas. 

La zona se situa en la frontera entre las provincias o regiones 
mediterranea y atlantica, con predominio de las especies medite
rraneas. 

Fauna 

Se han contabilizado hasta la fecha 255 especies de vertebra
dos. En aves son 70 las especies catalogadas, de las cuales 25 
rapaces y muy importante la colonia de buitre leonado, formada 

por mas-menos un centenar de parejas. Los mamfferos dan 35 
especies. De invertebrados no se tiene hecho un inventario. 

Zona de embalse 

El embalse ocuparfa 804 Has. mas 579 Has. de extraembalse, 
lo que da un total de 1.384 Has. El volumen de agua embalsada 
hubiera sido del orden de 134 HmL y su superficie de 11 ,30 
kms2-. 

Edafologia 

Los suelos en general son pobres con un nivel de humificaci6n 
de pocos a 30 ems. debido fundamentalmente a la existencia de 
especies de hoja perenne, que da un bajo porcentaje en el recicla
je de materia organica. 

El hidromorfismo se manifiesta principalmente en las zonas 
pr6ximas al rfo Arlanza, como consecuencia de una deficiente 
estructura y una capa freatica elevada. Hay abundancia de ranas 
y suelos a.rides, siendo los mas ricos de estos los situados en 
las terrazas fluviales por lo general. 

Etologia 

El embalse anegarfa a las poblaciones de Retuerta, Hort'iguela 
y Cascajares de la Sierra, con una destrucci6n de 218 viviendas 
y el Monasterio de San Pedro de Arlanza desaparecerfa. 

El tipo de construcci6n principal son casas de piedra de 
silleria con mezcla de cantos rodados y muy pocas de adobe. 
Las vigas son de roble y el entarimado algunas veces de enebro. 
Son pueblos tipicamente Castellanos en su estructura urbana, 
ganaderos y labradores. En ganado abunda la oveja y cabra y 
poco bovino y caballar. Ricos en historia pasada y pobres en la 
presente. 

Conclusiones 

Dadas las riquezas que alberga el Valle del Arlanza, especies 
florales casi unicas en Espana, especies animales -unas protegi
das y en vfas de extinci6n- muy ricas en vertebrados, monumen
tos importantes para la historia e identidad de los castellanos, 
posible alteraci6n de la red freatica y destrucci6n de cavidades 
con restos arqueol6gicos y un paisaje excepcional en cuanto a 
belleza se refiere ademas de otras consideraciones como los 
afectados que resultarian los ecosistemas del Valle y del rio 
Arlanza, hacen recomendable el abandono de la idea del embalse 
y la declaraci6n en su lugar de Parque Natural Nacional. 
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Las grandes cavidades de Cantabria 
(Rango: >3.000 m.,>-300 m.) 

RESUM 

S'actualizen fins el 1.1.86 els recorreguts i /es profunditats de coves i avencs que superen els 3.000 m., o els -300 m., 
respectivament, i se situen referint el terme municipal, pob/e mes proper, coordenadas, etc., de cadascun, que son dades freqOentment 
pub/icades amb errors. Es dona preferencia al nom original de la cavitat, que no sempre es el mateix que el que hom utilitza dins 
el m6n espeleologic, mentre que els noms estrangers han estat subsiturts, normalment, per noms autoctons, d 'acord amb el grup 
espe/eo/ogic que els va descobrir. S'afegeix sempre el nom dels grups que han treba/lat a cada cavitat. 

Aquest es el resum d'un treball mes ampli que en aquests moments esta practicamente enllestit i que inc/ou totes /es cavitats 
cantabres que superen els 1.000 i els -100 m. 

RESUMEN 

Se actua/izan hasta el 1-1-86 los recorridos y profundiades de las cuevas y simas que superan los 3.000 m., o -300 m., 
respectivamente, y se situan dando el termino municipal, pueblo mas cercano, coordenadas, etc. de cada una, que son datos 
frecuentemente publicados con errores. Se da preferencia al nombre original de la cavidad, que no es siempre el mismo que se 
usa en el mundo espeleologico, y los nombres extranjeros han sido substituidos normalmente por nombres def lugar con el acuerdo 
def grupo espeleologico que /es dio el nombre. Se afiade siempre el nombre de /os grupos que han trabajado en cada cavidad. 

Este es el resumen de un trabajo mas amplio que ya esta practicamente acabado y que incluye todas las cavidades cantabras 
que superan los 1. 000 y - 100 m. 

SUMMARY 

As well as bringing up to date 1-1-86 the lenghts and depths of the caves and pot-holes which exceed 3.000 m. or -300 m. 
respectively, these follows the municipal district, village, co-ordinates, etc. of each one, which are details often published with 
mistakes. The original name of the cave, which is not always the same as the one used in the speleological world is prefered, and 
the foreign names have been substituted, normally by place-names, with the agreement of the caving group which namet them. 
The caving groups which have worked in each cave are also included. 

This is a summary of a large work, which is practically finished, including all the cantabrian caves bigger than 1.000 and - 100 
m. 

Desarrollos 

1. 53.000 m. RED DEL RIO SILENC/0, sin. T. Caballos-C.S. 
Escobal-T. de la Canal-Joyu Hondo II , El Hoy6n-La Mies-Santa 
Cruz-Las Rebolligas-Santa Cruz ., es. Torcollano-Helguera-Santa 
Cruz-Ojebar-Santa Cruz, respect. , t.m . Rasines, ee. GL, GEV, 
SCMJC-GAES-SESS-CAS-CET, coord . (UMT) X470768 Y4791610 
Z550 m., X466090 Y4794260 Z58 m., X467860 Y4794225 Z193 
m., X469600 Y4793500 Z160 m., X467255 Y4793925 Z180 m., res
pect. 

2. 28700 m. S. DEL CUETO-C. COVENTOSA-CUVERA, sin. 
n.0 136-7-63 respect., I. valle del rio As6n , es. aldeas de Socueva
As6n-As6n respect. , t.m . Aredondo, ee. GJE, SCD, SGCAF, sCP, 
coord, (M) XO .0 03'47"E Y43.0 15'11 " Z980m., XO.004 ' 42"E 
Y43°15'08" Z285 m., XO.004'49"E Y43. 0 15'09" Z168 m. , respect. 

3. 20.000 m. C. DEL NACIMIENTO, sin . C. del Agua, I. valle 
del rio Urd6n , es . lugar de Bejes, t.m . Cillorigo-Castro, ee. LUSS
SEii, coord. (M) XO. 0 59 '30"0 Y43.0 14'50" Z480 m. 

4 . 19.000 m. RED T. DEL COTERON-C. CUB/0 DE RENADA-T. 
DE AZPILICUETA, sin . sistema de La vega Sur, I. La Vega, es. 
lugar de Matienzo, t.m. Ruesga, ee. SESS-GJE-AER, MUSS, coord . 
(UTM) X451250 Y4795390 Z370 m., X450450 Y4595770 Z180 m., 
X450400 Y4794980 Z475 m., respect. 

5. 15.650 m. C. DE UZUECA, sin . n.0 107, I. Riar'io, es. lugar 
de Riar'io, t .m. Solorzano, ee. MUSS, coord. (UTM) X451950 
Y4800020 Z175 m. 

6. 15.000 m. RED DE HOYO GRANDE, sin. T. Hoyo Grande
Sumideros del Saco n.0 2, I. Los Apartados, ec. concejo de San 
Martin , es. lugar de Hazas, t.m. Soba, ee. SCD, SCP, SCCh, 
coord . (M) XO.003'35"E Y43.0 13'00" z1210 m., XO.004'00"E 
Y43.0 12'50" Z1180 m., respect. 

7. 14.500 m. C. DEL SOPLAO, sin . T. Jur'ioso-T. Ancha, I. 
minas de La Florida, t.m. Rionansa, ee. SCC, coord. (UTM) 
X387444 Y4794924 Z475 m., X387640 Y4794884 Z517 m., res
pect. 

8. 13.500 m. C. DE RESCANO, sin. C. de Udias, es. barrio 
de Cobij6n, t.m . Udfas, ee. SESS, OUCC, CO, GEM, coord. (UTM) 
X399825 Y479980 Z109 m. 

9. 12.000 m. C. FRESCA, sin . n.0 30, I. La caseria, ec. concejo 
de San Martin , es. lugar de Hazas, t.m . Saba, ee.SCD, coord. 
(M) XO.005'12"E Y43.13'16" Z408 m. 

10. 9.226 m. SISTEMA S. DE GARMA CIEGA-SUMIDERO DE 
CELLAGUA, I. lapiaz de Garma Ciega y Cellagua, respect., es. 
lugar de Aja, respect. t.m . Soba, ee. SSB, SKM, CASAPM-ECV, 
ERE-SMCC-OUCC, GESCAT, SEIi , ECG-GIM-GESCEC art, ARES
CASTAR, coord. (M) XO.007'15"E Y43.0 14'00" Z1115 m., XO.007'-
30"E Y43.0 13'45" Z960 m. , respect. 

11. 8.965 m. C. DE LA CANUELA, sin . n.0 84, I. Garmalloso, 
ec. Bustablado, t.m. Arredondo, ee. SCD, SESS, coord. (M) 
XO.003 '59"E Y43. 0 16'29" Z267 m. 

12. 8.250 m. SISTEMA T. DEL SEDO-LA CUEVONA-T. DE 
ON/TE, sin. sistema del Risco, I. El sedo-Cubillas-Ozana, respect. , 
es. lugar de Matienza, t.m. Ruesga, ee. SESS-GJE-AER, MUSS, 
coord . (UTM) X453300 Y4796040 Z196 m., X452920 Y4796200 
Z175 m., X454410 Y4795110 Z254 m. , respect. 

13. 8.000 m. SISTEMA DE MORTERO DE ASTRANA, sin. T. 
del Mortero, ec. concejo de San Martin, es. lugar de Astrana, 
t.m. Sons, ee. SSB-SCD, SSB-FJS-SCP, GESCMB (?), SECEM, 
CEA, SCP-UP-GSL, coord. (M) Mortero: XO.006'50"E Y43.0 12'32" 
Z720 m., Leonorna: XO.o07'18"E Y43.0 12'36" Z743m. , Cubieja: 
XO°07'04"E Y43°12'57" Z814 m., Cuesta Cuivo: XO°07'02"E 
Y43°12'59" Z838 m. , fisura lapiaz: XO. 007'03"E Y43.0 13'02" Z860 m. 

14. 7.010 m. SISTEMA AGUA-SOPLADORES, sin. n.0 32 y 45, 
ec. concejo de San Martin, es. lugar de Hazas, t.m. Soba, ee. 
SCD, SSB, SCP, SESS, coord . (M) XO.004'40"E Y43.0 13'50" Z600 
m., XO.002 '57"E Y43.0 14'05" Z825 M. RESPECT. 

15. 6.750 m. C. DE LA CULLALVERA, es. y t.m. Ramales 
de la Victoria, ee. GPCS, CNEOJE, SCD, GESCMB, SESSAER, 
coord . (UTM) X462920 Y4789530 Z90 m. 

16. 6.500 m., C. DE LA LASTRILLA, sin . C. del Sangazo, es. 
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lugar de Samara, t.m. Castro Urdiales, ee. GJE . OUCC, GELL
SESS-GEE, coord . (UTM) X479375 Y4801050 240 m. 

17. 5.850 m., SUMIDERO DE MONT/CUEVA, I. Montes del 
lnfierno, t.m. Voto, ee. SEIi , GESCAT. 

18. 5. 700 m., SIMA 56, I. Andara, ec. concejo «Los 5 Hermanos» 
(Bejes-Cabaries-Colio-Pendes-Leberia) , t.m. Cillorigo-Castro, ee. 
LUSS-SEIi , coord. (M) X1. 002'25"O Y43.0 12'45" 21950 m. 

19. 5.500, C. DEL TOBAZO, sin . C. del Agua, I. El Tobazo, 
es. lugar de Villaescusa de Ebro, t.m . Va/derredible, ee. GEVS, 
coord . (M) XO.0 08'22"O Y42.049'15" 2880 m. 

20. 55.473 m., C. DEL LINAR, sin . La busta-s. Palombal, es. 
lugar de La Busta, t.m. Alfoz de Lloredo, ee. SECS, GJE, SESS, 
GESCAT, SEL, coord . (UTM) X404400 Y4800625 295 m., X404240 
Y4800990 2237 m ., respect. 

21. 5.000 m., C. FRAN(JOIS, I. El Alveo, ec. concejo de San 
Martfn, es. lugar de Hazas, t.m. Soba, ee. SGCAF, coord (UTM) 
X449000 Y4786000 21150 m. 

22. 4.700 m., T. DEL MOSTAJO, sin . n.0 71 , I. Cubija, es. lugar 
de Matienzo, t.m. Ruesga, ee. MUSS, coord . (UTM) X450350 
Y4796990 2312 m. 

23. 4.550 m ., RED DE CARRILLO, sin . S. del Mirlo, I. ladera 
norte del Carrillo, es. Valdici6, t.m . Soba, ee. SCD, coord . (M) 
xo.002·03"E Y43.0 12'52" 21405 m. 

24. 4.500 m., C. DE RIANO, sin n.0 105, I. Riario, es. lugar de 
Riario, t.m. Solorzano, ee. MUSS, cor. (UTM) X451910 Y4800440 
2175 m. 

25. 4.392 m. , SISTEMA BUHO-SUMIDERO, sin . n.0 31 y 28, 
respect. , I. el Dobra, es. lugar de Puente viesgo , t.m. Puente 
Viesgo, ee. GGG-GIE, ECG, coord . (UTM) X418760 Y4794190 
2420 m ., X419005 Y4794290 2400 m., respect. 

26. 4.376 m., C. HONDA, sin . C. de Hoz de Marron , I. sierra 
de Brerias, t.m. Ampuero, ee. GJE, GIE, sec, GEM, SELi, coord . 
(G) X3 .026'52" Y43.0 20'15" 2180 m. 

27. 4.290 m., C. DE LA HAZA, Sin . n.0 40, I. Hoyo grande, 
ec. concejo de San Martfn , es. lugar de Hazas, t.m . Soba, ee. 
SCD, SCCH, coord . (M) XO.003 '30"E Y43.0 13'00" 21240 m. 

28. 3.800 m., C. LLUEVA, sin . n.0 114, I. Llueva, t.m. Voto, 
ee. MUSS, coord . (UTM) X454680 Y4798390 2147 m. 

29. 3.616 m., C. DE LOS TOG/NOS, sin . G-1, I. depresi6n de 
Tocinos , t.m. Guriezo, ee. GJE, SESS, SEIi , coord . (UTM) X470490 
Y4798794 2285 m. 

30. 3.408 m., T. DE SOL VIEJO-T. DEL RA YO DE SOL, sin . 
Suviejo y n.0 123, repest. , es . caserfa de Secadura, t.m. Voto, 
ee. SESS, GET, MUSS, coord . (UTM) X454860 Y4800130 2185 
m ., X454670 Y4799900 2155 m., respect. 

31 . 3.200 m., T. DE LOS TORNILLOS, sin, RN-30, I. Las Rebolli
gas, es. lugar de Ojebar, t.m. Rasines, ee. GAES, coord . (UTM) 
X469690 Y4793520 2178 m. 

32. 3.126 m., T. DE CARCABAS I, sin . RN-75, I. casa de los 
Cir.izuelos , es. lugar de Ojebar, t.m. Rasines, GAES-SCMJC-CAS, 
coord . (UTM) X469422 Y4791845 2444 m. 

33. 3.113 m., C. DE RIOCUEVA-T. DE LOS CANAOS, sin . 
Recueva, I. Riocueva, es. lugares de Hoznayo y Villaverde de 
Pontones, respect. , t.m. de Entrambasaguas y Ribamontan al 
Monte, respect., ee. GJE, GESL, SESS, GEC ant, coord. (UTM) 
X443350 Y4805780 230m., X443670 Y4805945 261 m., respect. 

34. 3.000 m ., C. LA MARNIOSA, sin . n.0 19, I. valle de Sobra, 
t.m . Tresviso, ee. LUSS coord . (M) X1 .001'20"O Y43.0 15'12". 

35. 3.000 m., C. DE LOS PEINES, sin . C. de la Peria, I. Momerie, 
es. lugar de Samano, t.m. Castro Urdiales, ee. OUCC, GELL, 
SESS. coord. (UTM) X481635 Y4799650 285 m. 

Desniveles 

1. - 1.169 m., SIMA 56. Ver en desarrollos (n.0 18). 
2. - 831 m., S. BLOQUES DELICIOSOS, sin . Dosse 's Deligth , 

I. norte Pico del Moro, es. lugar de Bejes, t.m . Ci/lorigo-Castro, 
ee. LUSS, coord. (M) X1 .002'18"O Y43.0 12'48" 21690 m. 

3. - 825 m., SISTEMA S. DE GARMA CIEGA-SUMIDERO DE 
CELLAGUA. Ver en desarrollos (n .0 10). 

4. - 815 m., S. DEL CUETO-C. CONVENTOSA-CUVERA. Ver 
desarrollos (n .0 2) . 

5. -792 m. , S. TERE. Ver en desarrollos (n .0 72) 
6. -723 m., S. DEL FLORERO. Ver en desarrollos (n 050) . 
7. 648(-635, +13)m., SISTEMA SARA, I. depresi6n de Sara, 

es. lugar de Bejes, t.m. Gillorigo-Castro, ee. LUSS-SEIi, coord . 
(M) x1 .001 ·1o"0 Y43.012·30" 21870 m. 

8. - 608 m. , COMPLEJO TORRE AL TAIZ-JOU DE LLOROZA, 
sin . 119-M2-125, I. collado de Fuente Escondida, es. lugar de 
Espinama, t.m. Camaleno, ee. ASCh, coord . (M) X1 .008 '10" 
Y43.0 09'50" 22090 m., X1 .0 08 '16"0 Y43. 0 09'50" 22060 m., X1 .0 08 '-
14"0 Y43.09 '50" 220451 m ., respect. 

9. -589 m., S. DE LAS PASADAS, sin . LM-1, I. collado de Las 
Pasadas, es. Calseca/Bustablado, t.m. Ruesga/ Aredondo, ee. 
SCD-MJCM, ECG, coord (UTM) X444835 Y4789810 2925 m. 

10. 55a'.-530, +22)m. ,SISTEMA DEL MORTERO DE ASTRA
NA. Ver desarrollos (n .0 13). 

11 . -505 m., MORTERON II DEL HOYO SALZOSO, sin . sumi
dero del Hoyo Salzoso, I. Hoyo Salzoso, es. lugar de San pedro, 
t.m. Soba, ee. SCD, SSB, SEG-ERE-SIS-EGG, coord . (M) X0 .007'-
16"E Y43.0 14'48" 2880 m. 

12. -492 m., RED DEL RIO SILENC/0. Ver desarrollos 
(n .0 1). 

13. 475 (-460, +15)m., T. DE CORRALES DEL TRILLO, sin . 
L 31 , I. Peria del Trillo, ec. mancomunidad Cariedo-Valcaba, t.m. 
Soba, ee. GSL-SCP, STD, coord. (M) X0 .005 '06"E Y43.009'46" 
21320 m. 

14. -458 m., T. LA MUELA 7, sin . LM-7, I. La Muela, Calseca/ 
Bustablado, t.m. Ruesga/ Arredondo, ee. ECG, coord . (UTM) 
X444900 Y4789820 2920 m. 

15. -435 m., RED DE HOYO GRANDE. Ver desarrollos (n .0 6). 
16. -418 m., C. DE LA HAZA. Ver desarrollos (n. 0 27) . 
17. -405 m., T. DEL HOYO MED/0. Ver desarrollos (n. 0 66) 
18. -402 M. , S. DE LA HORCADA VERDE, sin. L 12, I. prox. 

al pico San Carlos, es. lugar de Espinama, t.m. Camaleno, ee. 
ASCh, coord . (M) X1 °08'45"O Y43°09 '51 " 22190 m. 

19. +400 m ., C DEL NACIMIENTO. Ver desarrollos (n° 3) . 
20. -369 m. , EL MORTERON, sin . Morter6n del Hoyo Salzoso, 

I. Hoyo Salzoso, es. lugar de San Pedro, t.m. Soba, SCD, SSB, 
ARES, CIE-SESP-CEG, coord . (M) XO°07'41 " E Y43°14'34" 2 890 
m. 

21 . -351 m. , T. DEL HOYON II, sin . RN-51 , I. El Hoy6n , es. 
aldea de Torcollano, t.m . Rasines, ee. GAES, coord . (UTM) 
X470768 Y4791655 2550 m. 

22. - 349m. , T. DEL CARL/STA, sin. R-87, Vl-56, I. Penas de 
Ranero , t.m . Carranza (Vizcaya)-Rama/es de la Victoria (Canta
bria) , ee. GEV, ULSA, coord . (UTM) X468465 Y4790150 Z?00 m. 

23. - 334 m. , T. DEL CALERO DEL AGUA, sin. RN-142, I. 
Calero del Agua, es.- lugar de Ojebar, t.m. Rasines, ee. GAES, 
coord . (UTM) X468735 Y4791145 2585 m. 

24. -327 m., S. PROCELOSA, sin . LLC 1, I. pico Tejes, es. 
lugar de Aja, t.m. Soba, ee. SEIi , coord . (M) XO°07'26" E Y43°14'03" 
21115 m. · 

25. -319m., S. DE LAS FALSAS ESPERANZAS, I. prox. a 
Sierra Redonda, es. lugar de San Pendro, t.m. Soba, ee. SEIi. 

26. -319 m., S. T. DE LA RASA 98, sin . LR-98, I. La Rasa, 
es. lugar de Astrana/ Aja, t.m . Soba, ee. SEIi. 

27. - 318 m/S. MAZARRASA, I. la Casa Blanca, ec. concejo 
«Los 5 Hermanos» (Bejes-Cabaries-Colio-Leberia-Pendes), t.m . Ci
llorigo-Castro, ee. LUSS, coord . (M) X1 °01 '30" 0 Y43°12 '45" 21810 
m. 

28. -313 m. , T. BOULDEROSA, I. Pico del Moro, es. lugar de 
Bejes, t.m. Cillerigo-Castro, ee. LUSS-SEIi, coord . (M) X1 .01 '30" 
0 Y43°12'45u 21820 m. 

29. -313 m. , S. DEL HOYON. Ver desarrollos (n° 38). 
30. - 312 m. , S. DEL TURBON, sin . 305, I. Alto de la Porra, 

ec. de Bustablado, t.m. Arredondo, ee. SCD, coord . (M) XO°01 '59" 
E Y43°14'50" 21095 m. 

31 . - 310 m. , T. DE CARCABAS I. Ver dessarrollos (n° 32). 
32. - 303 m. , T. REGA TO CALERO II. Ver desarrollos (n° 71 ). 
33. - 300 m. , TORCON DE LA YA, sin. CL 11 -12, I. Canal de 

Laya, ec. Bustablado, t.m . Arredondo, ee. ECG , coord . (UTM) 
X444480 Y4790875 2785 m. 
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1546 

Las grandes cavidades de Cantabria 
{Rango: 1.000 a 2.000 m., -100 a -200 m.) 

RESUM 

S'actualitzen fins 1. 1.86 els recorreguts i /es profunditats de coves i avencs d'entre 1.000 a 2.000 m., ode -100 a -200 m., 
respectivament, i se situen referint el terme municipal, poble mes proper, coordenades, etc. de cadascun, que son dades frequentment 
publicades amb errors. Es dona preferencia al nom original de la cavitat, que no sempre es el mateix que el que ham utilitza dins 
el m6n espeleologic, mentre que els noms estrangers han estat substiturts normalment, per noms autoctons, d 'acord amb el grup 
espeleologic que els va descobrir. S'afegeix sempre el nom dels grups que han treballat a cada cavitat. 

Aquest es el resum d 'un treball mes ampli que en aquest moments esta practicament enllestit i que inc/au totes Jes cavitats 
cantabres que superen els 1.000 i els -100 m. 

RESUMEN 

Se actualizan hasta el 1. 1.86 las recorridos y profundidades de las cuevas y simas entre 1.000 y 2.000 m., o -100 y -200 m. 
respectivamente, y se situan dando el termino municipal, pueblo mas cercano, coordenadas, etc. de cada una, que son datos 
frecuentemente publicados con errores. Se da preferencia al nombre original de la cavidad que no es siempre el mismo que se usa 
en el mundo espe/eol6gico, y las nombres extranjeros han sido substituidos normalmente par nombres de/ lugar con el acuerdo de/ 
grupo espeleol6gico que /es dio el nombre. Se anade siempre el nombre de las grupos que han trabajado en cada cavidad. 

Este es el resumen de un trabajo mas amplio que ya esta practicamente acabado y que incluye todas las cavidades cantabras 
que superan las 1.000 y -100 m. 

SUMMARY 

As well as bringing up to date 1-/-86 the lengths and depths of the caves and pot-holes between 1.000 and 2.000 m., or -100 
and -200 m respectively, these follows the municipal district, village, co-ordinates, etc. of each one, which are details often published 
with mistakes. The original name of the cave, which is not always the same as the one used in the speleological world is preferred, 
and the foreign names have been substituted, normally by place-names, with the agreement of caving grup wich named them. The 
caving groups which have worked in each cave are also included. 

This is a summary of a large work, which is practically finished, including all the cantabrian caves bigger than 1.000 and -100 
m. 

Desarrollos 

45. 1.900 m., C. DEL AGUA, sin. c. de El Molino, I. La Vega, 
es . lugar de Matienzo, t.m . Ruesga, ee. SESS, GESCMB, MUSS, 
coord .(UTM) X451610 Y4796220 Z165 m. 

46. 1.850 m. , C. OE ROGER/A, sin . c . del Calero, I. Rogeria, 
es . lugar de Orer'ia , t.m . Alfoz de Lloredo, ee . SESS, coord.(UTM) 
X408600 Y4805300 Z50 m. 

47. 1.725 m. , CUEVAMUR, sin . c . del Muro, I. Muro del Eco, 
es. aldea de La Pared , t.m . Ramales de la Victoria, ee. CNEOJE, 
GJE, AER , SIRE-EREAEC, SESCEV, SESS, coord .(UTM) X463850 
Y4787850 Z320 m. 

48. 1.724 m., C. OE CH/VOS MUERTOS, sin . n.0 133, es. lugar 
de Valdici6 , t.m . Saba, ee. GESCMB, SAEC, coord.(UTM) X442700 
Y4785725 Z550 m. 

49. 1.645 m., C. DEL RIO MUN/0, 1. Rolacias , es . aldea de 
As6n , t.m. Arredondo, ee. SCD, SGCAF (?) , coord.(UTM) X448135 
Y4787290 Z805 m. 

50. 1.600 m., S DEL FLORERO, sin . T 169, I. Pico del Moro, 
es . lugar de Bejes , t.m. Cillorigo-Castro, ee. LUSS-SEIi, coord .(M) 
X1 °02 '19"O Y43°12'25" Z1800 m. 

51 . 1.500 m., C. OE COO/SERA, sin . c . de Coquisera, I. monte 
Beralta, es. lugar de Matienzo, t.m. Ruesga, ee. SESS, MUSS, 
coord.(UTM) X453370 Y4794300 Z450 m. 

52. 1.500 m., C. OE COTERA, sin. c. de los Valles , I. Valle, 
Perelada, es. lugar de Orer'ia, t.m . Alfoz de Lloredo, ee. SESS, 
SEL, coord .(UTM) X406550 Y4804500 Z80 m 

53. 1.500 m. , C. DEL COBACHO, sin . c . de lseca Nueva, I. 
el Covacho, es . barrio de lseca Nueva, t.m . Liendo, ee. OUCC, 
SESS, BT, GELL, coord.(UTM) X469900 Y4803550 Z40 m. 

54. 1.500 m. , POZO SINIESTRO 2, sin. PS-2, I. Reguler'ies , es . 
lugar de Samano, t.m . Castro Urdia/es, ee. GELL, coord .(UTM) 
X478050 Y4801385 Z200 m. 

55 . 1.458 m., C. DEL HOYO DE LA FUENTE II, sin. 56-G, I. 
Pena San Jose, · es . barrio de Llaguno, t .m. Guriezo, ee. GEE, 
coord . (L) X631975 Y986850 Z322 m. 

56. 1.435 m. , C. DE SANTIAGO CANO, sin . c. de El Regato, 
I. Fresnedo, es. caserfo de Fresnedo, t.m . Sol6rzano, ee. SCC, 
coord .(UTM) X454400 Y4802100 Z220 m. 

57 . 1.250 m., T. DE LA CABANA, sin . Torc6n de la Vera Negra, 
I. La Vega, es . lugar de Matienzo, t.m . Ruesga, ee. MUSS, coord . 
(UTM) X450490 Y4795180 Z433 m. 

58. 1.250 m., C. DEL MOLINO, sin. c. del Cartero, I. crta. 
Arredondo-Bustablado, t.m . Arredondo, ee. SCD, ECTor-AAEET, 
coord . (UTM) X448570 Y4792380 Z218 m. 

59. 1.240 m., C. DE LAS CANALES, 1. Las Canales, t .m. Saba, 
ee. SGCAF, SCD, coord. (M) XO°05'53"E Y43°13'22" Z700 m. 

60. 1.211 m., SISTEMA DE CONCHA, sin. c. de Rupicos
Tijeras, es . aldea de Pando, t.m. Ruiloba, ee. ACEM , SESS, coord . 
(M) X0°34'43"O Y43°22'45" Z45 m., XO°34'50" Y43°23'00" Z35 m., 
respect . 

61 . 1.200 m., C. DE LA CUBILLA, sin . c . la Penilla, I. La Cubilla, 
es. lugar de Samano, t.m . Castro Urdia/es, ee. OUCC, GELL-SESS, 
coord.(UTM) X477650 Y4801200 Z169 m. 

62. 1.200 m., C. DE JUAN GOMEZ, sin . cuevas de Samano, 
I. Hoz, es . lugar de Samano, t.m . Castro Urdiales, ee. OUCC(?), 
GELL, coord .(UTM) X480325 Y4801775 Z100 m. 

63. 1.170 m., MORTERO DEL CRUCERO, 1. collado de El 
Crucero, es . lugar de San Pedro, t.m . Saba, ee. SEG-GESCECart., 
coord .(M) X0°07'50"E Y43°14'07" Z1035 m. 

64. 1. 108 m., T. DE LOS CASTANOS DE DONA LUISA, sin . 
RN-48, I. monte de Valseca, es. aldea de Santa Cruz, t.m. Rasines, 
ee. GAES, coord .(UTM) X467680 Y4792400 Z257 m. 

65. 1.100 m. , S.-C. DE CANTULAGATA, t.m. Rionansa, ee. 
SCC, coord .(UTM) X386480 Y4791285 Z530 m. 

66. 1.077 m. , T. DELHOYO ME0/0, sin. RN-82, I. Alto de las 
Minas , es . aldea de Torcollano, t.m . Rasines, ee . SCMJC-AM
GAES , coord .(UTM) X471180 Y4791705 Z562 m. 

67 . 1.059 m. , SUMIDERO DE LAS PALOMAS, sin . DO.28, t.m . 
San Fe/ices de Buelna/ Torrelavega, ee. ECSalou , ECG, coor
d.(UTM) X415540 Y4795400 Z330 m. 

68. 1.041 m. , SUMIDERO DEL REJULLO, sin. Cueva 4, I. de-
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presi6n de Rejullo , t.m . Guriezo, ee. SEIi , coord. (UTM) X470515 
Y4798560 2270 m. 

69. 1.031 m., C. DE LA PRIMA VERA, 1. barranco de la Sota, 
es. lugar de Valdici6 , t.m . Saba, ee. SCD, GEC, coord.(M) X0°02 '· 
25"E Y43°13'40" 21075 m. 

70. 1.000 m. , C. DE ONCE PUERTAS, sin . RN-9, I. Rocillo de 
Abajo, es. aldea de Rocillo , t.m. Rasines, ee. GAES, coord .(M) 
X0°15'46" Y43°19'16" 250 m. 

71 . 1.000 m., T. REGATO CALERO II, sin RN-103, I. Regato 
Calero, es. lugar de Ojebar, t.m . Rasines, ee. GAES, coord.(UTM) 
X468200 Y4791705 2445 m. 

72. 1.000 m., S. TERE,sin . 2.24, I. depresi6n de Sara, es. lugar 
de Bejes, t.m. Cillorigo-Castro, ee. LUSS, coord. (M) X1 °01 '00"O 
Y43°12'20" 21850 m. 

Desniveles 

66 -196 M, S. GRANDE, sin . s. Palomar, I. Los Machucos, 
ec. Bustablado, t. m. Arredondo, ee. SCD, coord. (M) XO.0 02'32"E 
Y43.0 15'58" 2650 m. 

67 -190 m., S. DEL OSO CA/DO, I. Majada de la Llama, es. 
lugar de Bejes, t. m. Ci/lorigo-Castro, ee. LUSS, coord. (M) X1 °· 
00'25"0 Y43°13'15" 21550 m. 

68 190 m. , S. SLM 30, es. barrio de Linto, t. m Miera, ee. GES· 
CAT. 

69 -185 m., T. MEX/CANA, 1. El Alveo, ec. concejo de San 
Martin , es. lugar de Hazas, t. m. Saba, ee. SGCAF. 

70 -182 m., S. CANAL DE LAYA 1, sin. CL-1, I. Canal de 
Laya, ec. Bustablado, t. m. Arredondo, ee. GGG·GIE, ECG, coord . 
(UTM) X444215 Y4790830 2845 m. 

71 - 180 m., RED DE CARRILLO. Ver desarrollos (n.0 23). 
72 -180 m., SIMA 55, 1. Pico de Moro, es. lugar de Bejes, t. 

m. Cillorigo-Castro, ee. LUSS, coord . (M) X1 .002'35"O Y43°12'47" 
21900 m. 

73 -180 m., SIMA 011 , 1. Cabana Veronica, es. lugar de 
Espinama, t. m. Camalefio, ee. ASCh . 

74 - 176 m., T. DE CORDANCAS, I. Cotero de Mingo Alvarez, 
es. lugar de Cicera t. m. Pefiarrubia, ee. ECS, SESS. 

75 -173 m., S. DEL SOMBRERO, sin. MCH 10, I. Cellagua, 
es. lugar de Aja, t. m. Saba, ee. SSB, SEG-GES art, SIii, coord. 
(M) XO°.07'23"E Y43.0 13'49" 21035 m. 

76 -170 m., S. DE TRESA VARILLAS, sin . Hoyo Tres Avarillas , 
I. El Jorc6n, es. lugar de Linares, t. m. Pefiarrubia, ee. SCS-SCD, 
coord. (M) XO.0 52'05"O Y43. 0 17'15" 2820 m. 

77 -168 m., T. CANAL DE LAYA 6, sin CL-6, I. Canal de Laya, 
ec. Bustablado, t. m. Arredondo, ee. ECG, coord . (UTM) X444215 
Y4790675 2840 m. 

78 - 166 m. , S. CA 9, 1. Pena Lavalle, es. Lugar de Arredondo, 
t. m. Arredondo, ee. SAGA·SGCAF, coord. (UTM) X448600 
Y4789700 2850 m. 

79 -162 m., S. MILLADERO 13, sin . M-13, I. monte Milladero, 
es. lugar de Samano, t. m. Castro Urdia/es, ee . GELL, coord. 
(UTM) X478950 Y481770 2290 m. 

80 -160 m., T. DE LA CABANA. Ver desarro/los (n.0 57). 
81 -160 m., S. DS-400, 1. Rolacfa, es. lugar de Valdici6, t. m. 

Saba, ee. DS, coord . (M) X0°02'53"E Y43°13'53" 21010 m. 
82 -160 m., T. HOYO DE LA ESPINA I, sin. CC-1-91 , I. Hoyo 

de la Espina, es. lugar de Bejes, t. m. Cillorigo-Castro, ee. GJE, 
STCEV, ECS, coord . (M) XO.0 57'50"O Y34.0 14'10" 21060 m. 

83 - 160 m., T. LA SIMA, sin. n.0 49, I.La Brenfa, ec. mancomuni
dad de los lugares de Canedo y Valcaba, t. m. Saba, ee. SCD, 
GESCMB 

84 - 158 m., T. TRES AGOELAS, sin. n.0 3, I. cotero de Mingo 
Alvarez, es. lugar de Cicera, t. m. Pefiarrubia, ee. SESS. 

85 - 157 m., MORTERO DE CELLAGUA, sin . MCH 0, I. Cella
gua, es. lugar de Aja, t. m. Saba, ee. SSB, STD, SEG-GESCEC 
art , coord. (M) XO.07"33"E Y43.0 13'41 " 2970 m. 

86 - 156 m., T. DE LA LANCHERA, 1. Cotero de Mingo Alvarez, 
es . lugar de Cicera, t. m. Pefiarrubia, ee. GJE, SESS, coord . (M) 
XO.0 50'55"O Y43.0 12'05" 21270 m. 

87 - 155 m. , SISTEMA GARMA CIEGA 5-6-9 ... AGUA, sin. GC 

5-6·9· ... Agua, I. lapiaz de Garma Ciega, es. lugar Astrana/Aja, t. 
m. Saba, ee. SEIi. 

88 -152 m., T. BUSTABLADO 45, sin. BU-45, I. Llano de 
Mojabarcas, ec. Bustablado, t. m. Arredondo, ee. ECG, coord. 
(M) XO.000'38"E Y43.0 16'10" 2930 m. 

89 -152 m., SIMA 212,, I. El Mullir, ee. t. m. Voto MUSS, coord . 
(UTM) X455390 Y4795770 2720 m. 

90 - 151 m. , C. DE LA CULLAL VERA. Ver desarrollos (n. 0 15). 
91 - 151 m., TORCASUMIZAS, sin. Torcas Humizas I, I. monte 

del Moro, es. aldea de Guardamino, t. m. Ramales de la Victoria, 
ee. AER-GFB, OUCC (?) , GEE, SESS, coord. (UTM) X463980 
Y4790080 2250 m. 

92 -150 m., S. GRANDE DE BRENAS, sin. s. de Brenas, I. 
ladera norte sierra de Brenas, es. barrio de Arriba, t. m. Riotuerto, 
ee. GJE (?), GEPUSCIATICA, coord . (UTM), X444545 Y4796575 
2575 m. 

93 -150 m., S. DE LA LLUSA 2, sin. LL.2, I. La Llusa, es. 
lugar de Aja, t. m. Saba, ee. SSB, SEIi (?). 

94 - 150 m. , S. DE LA LLUSA 6, sin . LL. 6, I. La Llusa, es . 
lugar de Aja, t. m. Saba, ee. SSB, SEIi (?) , coord. (M) XO.007'02"E 
Y43.0 14'08" 21200 m. 

95 -150 m., C. DEL SOPLAO. Ver desarro/los (n.0 7) . 
96 -150 m., S. TAPADA, sin. sima 291 , I. La Muela, ec. Busta

blado, t. m. Arredondo, ee. SESP, SCD, coord. (M) XO.000'3T'E 
Y43.0 15'30" 2935 m. 

97 -150 m., C. DEL TRONCO, sin. C. de la Palanca, I. monte 
Milladero, es. lugar de Samano, t. m. Castro Urdiales, ee. GELL, 
coord . (UTM) X478675 Y4801860 2245 m. 

98 -149 m., S.·C. DE CANTULAGATA. Ver desarrollos (n.0 65). 
99 -146 m. , TORCADO. 10, t. m. San Fe/ices de Buelna, ee. 

ECG, coord. (UTM) X416450 Y4795150 2455 m. 
100 -146 m., SIMA JO. 1, 1.ladera este del Pico San Carlos, 

es. lugar de Espinama, t. m. Camalefio, ee. ASCh, coord. (M) 
X1 .008'30"0 Y43.009'45" 22250 m. 

101 -145 m., T. EL CALERO, 1. El Calero, t. m. Rionansa, ee. 
SCC, coord. (UTM) X381372 Y4793088 2310 m. 

102 -142 m., SIMA CH-72, es. lugar de San Pedro, t. m. Saba, 
ee. SCCh, coord. (UTM) X454500 Y4788500 21000 m. 

103 - 142 m., S. DEL OJAL, sin. Boutonniere, I. Pena Lavalle, 
es. aldea de Socueva, t. m. Arredondo, ee. SCD, coord. (M) 
XO°.003 '47"E Y43.0 15'11 " 2980 m. 

104 -140 m., C. DE EL LINAR. Ver desarrollos (n .0 20). 
105 -140 m., S. DE LA LUNA LLENA, sin . A-32, I. Pena Monte

ros , es. lugar de La Busta/C6breces, t. m. Alfoz de L/oredo, ee. 
SEL, coord . (UTM) X401495 Y4801490 2312 m. 

106 -140 m., POZOS SIMONES, sin. n.0 43-44-45, es. lugar 
de Quintana, t. m. Saba, ee. SCD, GESCMB. 

107 - 140 m., T. DE YUSA, sin. n.0 116, I. Hoyo de Yusa, t. 
m. Ruesga, ee. MUSS, coord . (UTM) X454670 Y4796230 2720 m. 

108 - 139 m., SIMA K 5, 1. ladera este del Pico San Carlos, 
es. lugar de Espinama, t. m. Cama/efio, ee. ASCh, coord. (M) 
X1 .008 '20"0 Y43.0 .09 '50" 22109 m. 

109 -136 m., T. CANAL DE LAYA 82, sin. CL-82, I. Canal de 
Laya, ec. Bustablado, t. m. Arredondo, ee. ECG, coord. (UTM) 
X444445 Y4790495 2862 m. 

110 - 135 m., SIMA 472, 1. La Vega, es. lugar de Matienzo, 
t. m. Ruesga, ee. MUSS, coord. (UTM) X451820 Y4794270 2570 
m. 

111 -135 m., T. DEL HAYA DE LA MAT/LLA, 1. Penaventosa, 
ec. mancomunidad Lebena/Bedoya, t. m. Cillorigo-Castro, ee. 
CJE, SESS, coord . (M) XO. 054'00"O Y43.0 12'09" 21070 m. 

112 -132 m. , T. VALLINES, 1. Puerto de Qui6n, es. lugares 
Colio-Pendes, t. m. Cillorigo-Castro, ee. ECS, coord. (M) XO.0 57'· 
46"0 Y43.0 14'00" 21000 m. 

113 -131 m. , S. ALTO DE TEJUELO, 8, sin. AT-8, I. Alto de 
Tejuelo, ec. Bustablado, t. m. Arredondo, ee. GGG, ECG, coord. 
(UTM) X444325 Y4789935 2932 m. 

114 - 130 m., SIMA GAF 63, 1. Penas Rocias, es. lugar de 
San Pedro, t. m. Saba, ee. GAF. 

115 - 130 m., T. DE GRANAYA, 1. Carrizoso, es. lugar de 
Linares, t. m. Penarrubia, ee. SCS·SCP-SCD, coord. (M) xo. 052 •. 
47"0 Y43.0 17'27" Z760 m. . 

116 - 130 m. , S. DE LLANA LA CUEVA 13, 1. prox. al Mazo 
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Chico, ec. Concejo de San Martin, es. /ugar de Astrana, t. m. 
Soba, ee. CEA (?), SEIi. 

117-130 m., TORCA 361 , 1. alto de la Porra, ec. Bustablado, 
t. m. Arredondo, ee. SCD, coord. (M) X0. 0 01 '40"E Y43.0 15'00" 
Z1065 m. 

118 -127 m., S. DEL PASTOR, 1. Valle de Helguer6n, t. m. 
Soba (?), ee. OS. 

119 -126 m., SIMA CH-67, 1.Penas Rocias, ec. lugar de San 
Pedro, t. m. Soba, ee. SCCh, coord. (UTM) X453900 Y4788850 
Z1130 m. 

120 -126 m., S. DEL CUETO, sin. AR-2-23, I. monte de la 
Azuela, t. m. Arredondo, ee. SCO-FJS, GESCMB, coord. (UTM) 
X449400 Y4793600 Z700 m. 

121 - 125 m., S. DE LA ESQUINA, sin. Coin, I. /apiaz de Garma 
Ciega, es. /ugar Astrana/ Aja, t. m. Soba ee. SSB. 

122 - 125 m., S. LUSA 9, sin. L9, I. Pena de Lusa, ec. mancomu
nidad Canedo-Valcaba, t. m. Soba ee. GSL. 

123 -125 m., SIMA PR-211 , 1. prox. a Sierra Redonda, es. 
lugar de San Pedro, t. m. Soba, ee. BB. 

124 -124 m ., S. DE LA VALLEJONA, /. Cuesta de Pe/ea, es. 
/ugar de Bejes, t. m. Cillorigo-Castro, ee. ENEOJE, coord. (M) 
X0. 055 '55"O Y43.0 13'55" Z1200 m. 

125 - 123 m , C. DE LA PRIMAVERA. Verdesarrollos (n .0 69). 
126-120 m., T. DE LOS GUIAS, sin. AL-10-10, I. monteBarbe

cha, es. /ugar de la Busta, t. m. Alfoz de Lloredo, ee. SESS, 
coord. (UTM) X404090 Y4801050 Z250 m. 

127 -120 m. , S. DE LOS RELLANOS, sin. n.0 47, I. La Vega, 
es. lugar de Matienzo, t. m. Ruesga, ee, GESCMB, coord. (UTM) 
X450380 Y4795500 Z290 m. 

128 120 (-80, +40) m ., S. DEL ROZACARIN . Ver desarrollos 
n.040). 

129 -119 m., T. CANAL DE LAYA 21, sin. CL-21, I. Canal de 
Laya, ec. Bustab/ado, t. m. Arredondo, ee. ECG, coord. (UTM) 
X444165 Y4790265 Z885 m. 

130 -119 m., SISTEMA GARMA CIEGA 18-21 , sin. GC 18-21, 
I. /apiaz de Garma Ciega, es. Astrana/ Aja, t. m. Soba, ee. SEIi. 

131 -118 m., S. BROMISTA, sin. T 225, t. m. Tresviso, ee. 
LUSS, coord (M) X1 .0 01 '28" Y43.0 14 '28" Z1380 m. 

132 -118 m., SIMA CAF 56, 1. Sierra Redonda, es. lugar de 
San Pedro, t. m. Soba ee. SGCAF, SEIi. 

133 -118 m , SISTEMA GARMA CIEGA 14-15, sin. GC 14-15, 
I. Japiaz de Garma Ciega, es. Astrana/ Aja, t. m. Soba , ee. SSB 
(?), SEIi. 

134 -118 m., T. DE LA LASTRILLA, sin n.0 427, I. La Vega, 
es. Jugar de Matienzo, t. m. Ruesga.ob es. MUSS, coord. (UTM) 
X449480 Y4796600 Z362 m. 

135 -118 m., T. DE LA YUSA II, sin . C-14, I. cabana del 
Mortero, es. aldea de Calseca, t. m. Ruesga, ee. SESCEV, coord . 
(M) X0.0 01 '18"E Y43.0 15'00" Z910. 

136 -117 m., T. DEL MOSTAJO. Ver desarrollos (n .0 22). 
137 -115 m. , SIMA A 10, 1. Hoyos Negros, es. lugar de 

Espinama, t. m. Camaleno, ee. ASCh. 
138 -115 m. , S. HORN/JO SUR-5, sin . HS-5, I. Hornijo, es. 

lugar de San Pedro, t. m. Soba ee. SESS, coord. (M) XO. 009 '05" 
Y43.0 14'07" Z1180 m. 

139 -115 m., T. LA MU ELA 16, sin. LM-16, I. depresi6n de la 
Rancha, es. lugar de Calseca, t. m. Ruesga, ee. ECG, coord. 
(UTM) X444645 Y4789595 Z865 m. 

140 -115 m., S. RACHO, sin CA 15, I. Pena Lavalle, es . lugar 
de Arredondo, t. m. Arredondo, ee. SGCAF, coord. (UTM) X448950 
Y4789525 Z935 m. 

141 -112 m. , MORTERO DEL CRUCERO I. Ver desarrollos 
(n .063) . 

142 - 112 m., S. SEPTRIN, 1. norte Pico del Moro, es. lugar 

de Bejes, t. m Cillorigo-Castro, ee. LUSS, coord . (M) X1 .o02'1 0"O 
Y43.0 12'59" Z1650 m. 

143 -111 m., RED T. DE SOL VIEJO- T DEL RA YO DE SOL. 
ver desarrollos (n. 0 30) . 

144 -110 m., SIMA 409, 1. El Mullir, t. m. Ruesga, ee. MUSS, 
coord . (UTM) X455630 Y4795539 Z678 m. 

145 -110 m., S. DEL TEJO /, sin. 6-G, I. Pico Ricardo, es. 
barrio de Llaguno, t. m. Guriezo, ee. GEE, coord. (L) X633900 
Y965560 Z452 m. 

146 -108 m., C. FRAN9OIS. Ver desarrollos (n .0 21). 
147 -108 m., TORCA 336, 1. alto de la Porra, ec. Bustablado, 

t . m. Arredondo, ee. SCD, coord , (M) XO.001'51 "E Y43. 0 15'03" 
Z1025 m. 

148 -107 m. , T. OE CELLARON, sin . n.0 109, I.Cellar6n, t. m. 
Voto ee. MUSS, coord . (UTM) X455230 Y4799090 Z282 m. 

149 -107 m., T. DEL TOMAREDO GRANDE, I. Las Hoyas, t. 
m. Villaescusa , ee. GJE , SESS, coord . (M) XO.009'25"O 
Y43.0 21 '48" Z230 m. 

150 -105 m., C. DEL JABALI, sin . c . de Puntapena, I. alto de 
la Granja es. lugar de Samano, t. m. Castro Urdia/es, ee. OUCC, 
GELL, coord . (UTM) X477390 Y4800780 Z327 m. 

151 +105 m., C. OE LA LASTRJLLA. Ver desarrol/os (n .0 16). 
152 -105 m., T. DEL PERRO, sin. t. de! Bermejo, I.yes. aldea 

de Santa Cruz, t. m. Rasines, ee. GAES, coord (M) XO.0 16'45"E 
Y43.0 18'01 " Z220 m. 

153 -105 m., T. DEL TOMAREDO CHICO, 1. Las Hoyas, t. 
m. Villaescusa ee. GJE, SESS, coord . (M) XO. 009'25"O Y43.0 21 '48" 
Z230 m. 

154 -105 m., LA TORCONA, sin. Torconal, I. Granja de Santa 
Eulalia, es. lugar de la Busta, t. m. Alfoz de Lloredo, ee. SESS, 
SEL, coord. (UTM) X403895 Y 4801160 Z270 m. 

155 -104 m., T. DEL CEBAL, 1.EI Cebal, t. m. Rionansa, ee. 
SCC, coord . (UTM) X381781 Y4793778 Z188 m. 

156 -104 m., S. LUSA 4-4 bis-5, sin . L 4-4 bis-5, I. Pena de 
Lusa, ec. mancomunidad Canedo-Valcaba, t. m. Soba, ee. GSL
SCP. 

157 -104 m., SISTEMA DE LA NEVERA, sin T 102-103-104, I. 
depresi6n de Sara, es. lugar de Bejes, t. m. Cillorigo-Castro, ee. 
LUSS-SEIi, coord . (M) X1 °02'27") Y43.0 12'23" Z1950 m. 

158 -103 m., T. CANAL DE LAYA 56, sin . CL-56, I. Canal de 
Laya, ec. Bustablado, t. m. Arredondo, ee. ECG, coord . (UTM) 
X444145 Y4790800 Z805 m. 

159 -103 m., T. DE LOS GARAMICIOS, sin . Garamicios I, I. 
Los Garamicios, es. lugar de Bejes, t. m. Cillorigo-Castro, ee. 
ECS, coord. (M) XO.0 57'44"0 Y43.0 14'49" Z1080 m. 

160 -103 m., S. RN-130, I. El Extremedo, es. lugar de Ojebar, 
t. m. Rasines, ee. GAES, coord. (UTM) X467947 Y4793500 Z425 
m. 

161 -102 m. HOYO DE LLANECES, sin. El Rfo Seco, I. LLane
ces , es. lugar de Arredondo , t. m. Arredondo, ee. SSB, SCD, 
coord . (M) XO.o05'57"E Y43.0 16'53" Z360 m. 

162 -101 m., S. DE LA RASA, sin . LR-1, I. La Rasa, es. lugar 
de Astrana/Aja, t. m. Soba, ee. SSN, SEIi. 

163 -100 m., SIMA Al, 1. Hoyos Negros, es. lugar de Espina
ma, t. m. Camaleno, ee. ASCh. 

164 -100 m., C. DE COO/SERA. Ver desarrollos (n. 0 51) . 
165 -100 m., T. LAS CORBERAS, sin . RN-31, I. Hoyo La Canal, 

es. aldea de Torcollano, t. m. Rasines, ee. GAES, coord, (UTM) 
X469485 Y4792307 Z373 m. 

166 -100 m., S. LUSA 33-34, sin. L 33-34, I. Pena de Lusa, 
ec. mancomunidad Canedo-Valcaba, t. m. Soba ee. GSL. 

167 -100 m., T. DE LA RASA 54 Y 110, sin . LR 54-110, I. La 
Rasa, es. lugar de Astrana/Aja, t. m. Soba, ee. SEIi. 
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15257 

Estudio preliminar sobre una cavidad de gran desarrollo en Sierra Salvada: la 
Sima Sl-44 

RESUM 

Diputaci6n Fora! de Aiava 
Consejo de Cultura 
Grupo Espeleo/6gico A/aves 

La boca de /'avenc Sl-44 s 'obre a /'extrem E. de Sierra Salvada i va esser descoberta per membres def Grupo Espeleol6gico 
A/aves el mar<;; de 1983. Es tracta d 'un gran co/-/ector hfdric, /es galeries def qua/ s'estenen sofa una superficie de 7 km2., travessant 
en sentit E. -W. tot el flanc S. de la serra. 

L 'actual poligonal entrada - tons supera els 9 km. de /ongitud, per a un desnivell de 230 m. El desenvolupament total de /es 
galeries exp/orades (1985) es de 27 km., cosa que situa aquesta cavitat entre !es principals xarxes subterra.nies de la penfnsu/a. 

Les caracterfstiques morfologiques de l'avenc, coincideixen amb /es d 'altres importants cavitats de la serra: zones de meandres 
actius fortament corroi'ts, que alternen amb pisos inactius i galeries caotiques de gran magnitud on predominen els procesos elastics, 
abunda.ncia de diposits de sorra i argila i minsa representaci6 de /es formes reconstructives. 

RESUMEN 

La sima Sl-44 abre su boca en el extrema E. de sierra Salvada y fue descubierta par miembros def Grupo Espe/eo/6gico A/aves 
en marzo de 1983. Se trata de un gran co/ector hfdrico, cuyas ga/erfas se desarrollan bajo una superficie de 7 km2., atravesando 
en sentido E. -W. todo el flanco S. de la sierra. 

La actual poligonal entrada-fondo supera las 9 km. de longitud, para un desnive/ de 230 m. . El desarrollo total de galerfas 
exploradas (1985), es de 27 km., lo que situa a esta cavidad entre las principales redes subterraneas de la penfnsu/a. 

Las caracterfsticas morfo/6gicas de la sima, coinciden con las de otras importantes cavidades de la sierra: zonas de meandros 
activos fuertemente corrosionados, que alternan con pisos inactivos y galerfas ca6ticas de gran magnitud, donde predominan las 
procesos clasticos; abundancia de dep6sitos arcillo-arenosos y escasa representaci6n de las formas reconstructivas. 

SUMMARY 

The Sl-44 chasm opens its mouth at the extreme East of the Salvada range and was discovered by members of the A/aves 
Speleological Group in march 1983. The chasm is a big hidro-collector wich galleries extend under a surface of 7 Km. 2. Acrossing 
in an East to West direction all the range 's South flank. 

The actual poligonal depht entrance surpasses 9 km. in length, for a slope of 230 meters. The total development of the explored 
galleries (1985) is 27 Km. which places this cavity among the most important subterranean systems in the Peninsula. 

The morphological characteristics of this chasm, are coincident with those the other range important cavities: active meanders 
heavily corrosioned, which are alternated witch inactive seams or levels with chaotic gread sized galleries where elastic processes 
are predominant; great amount of sand-clay deposits and a small amount of reconstructive forms. 
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Inventory of folk narratives connected with caves in the county of 
Vasternorrland, N. Sweden. 

Rabbe Sjoberg, 
University of Umea., Sweden. 

RESUM 

Per enca.rrec def consell de govern de Vasternorrland, l'autor ha topografiat /es cavitats de la regio. Aquesta zona, amb una 
superffcie de 21.780 Km2 es troba situada a la part NE de Suecia, entre els 62 i 64 graus de latitud nord. 

Si be l'objectiu primordial d 'aquest estudi era el de valorar /'interes que podien tenir !es cavitats de cara a la conservacio de 
la natura, tambe es va tenir present el seu possible interes etnologic. Tant es aixf, que de 300 cavitats, 42 eren citades en narracions 
populars (NP). Aquestes NP foren classificades en cine grups, d'acord amb els criteris d 'Aarne i Thompson i situades en un mapa 
per a observar la seva distribucio regional. 

Es· va poder constatar que /es NP eren tfpiques d 'una regio que abans havia estat habitada per una pob/acio essencialment 
agrfcola i dedicada a la cacera, amenac~da durant segles, tant des de /'est com de /'oest, per enemies estrangers. 

Ma/auradament, /es NP son poc abundats si /es comparem, per exemple, amb /es que es coneixen al Sud de Fram;a; no obstant, 
reflecteixen /es necessitats ba.siques de la pob/acio def Nord de Suecia durant els seg/es XVII al XIX, sovint amena9ada per bando/ers 
i potencies estrangeres. 

RESUMEN 

Por encargo def consejo de gobierno de Vasternorrland, el autor ha topografiado las cavidades de la region. La zona, con un 
area de 21.780 km2 esta situada en la parte NE de Suecia, entre /os 62 y /os 64 grados de latitud Norte. 

Si bien el objetivo primordial de la investigacion era valorar la importancia de las cavidades para la conservacion de la naturaleza, 
tambien se tuvo en cuenta su posible interes etnologico. 
Asf, de 300 cavidades, 42 guardaban relacion con narraciones populares (NP). Estas NP fueron c/asificadas en 5 grupos de acuerdo 
con las investigaciones de Aarne y Thompson, y situadas en un mapa para observar su distribucion regional. 

Se constato que las NP eran tfpicas de una region que fue dominada por una poblacion agrfcola y cazadora amenazada durante 
siglos desde el Este y el Oeste por enemigos extranjeros. Oesgraciadamente las NP son poco abundantes si las comparamos con 
las def Sur de Suecia. Sin embargo reflejan las necesidades basicas de la poblacion def Norte de Suecia durante /os siglos XVIII al 
XIX, sa/ud y paz, a menudo amenazada por forajidos y potencias extranjeras. 

SUMMARY 

On commision of the county council of Vasternorrland the caves in the region have been surveyed by the author. The co1.4nty 
with an area of 21.780 km2 is situated in the NE parts of Sweden, between the 62th and the 64th N. lat. 

The main purpose of the survey was to value the caves for nature conservation, but ethnological aspects should be considered. 
Thus, out of 300 caves, 42 caves in the region were associated with folk narratives (FN). These FN were divided into 5 classes 

according to a classification of FN, based on Aarne & Thompson and plotted on a map to show the regional distribution of the FN. 
The FN were found to be typical for a region once dominated by a farming and hunting population which was for centuries 

threatened by foreign enemies from the east and the west. Unfortunately, the flora of FN is poor compared with that of southern 
Sweden. However, the FN do reflect the dominant needs of a population in northern Sweden during the 17th to 19th century -peace 
and health, as threatened by outlows and foreign troops. 

Introduction. 

On commision of the county council of Vasternorrland the 
caves in the county have been surveyed by the author. The 
county with an area of 21,780 km2 is situated in the NE parts of 
Sweden, between 62-64° N. lat. The main purpose of the inventory 
was to value the caves for nature conservancy, but ethnological 
aspects of the caves should be considered . Thus, the folk 
narratives (FN) were divided into a classification based on a more 
general classification of folktales (Aarne & Thompson , 1961 ). 

The FN in the county were found to be typical for a region 

which once was dominated by a hunting and farming population 
and which during centuries was threatened by enemies from both 
the east and the west. 

Geomorphological background. 

To the east the region is bourdered by the Bothnian Bay. 
The topography is very broken, and for Sweden exceptionally 

high mountains reach all the way down to the coast. Four fairly 
big rivers cross the region in NW-SE direction. Due to glaciations 
and postglacial higher stages of the Baltic Sea these river-valleys 
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are separated by mountaineouse forested areas. The bedrock is 
dominated by old metamorphic geosyncline sediments cut 
through by granites and Jothnian rocks as dolerite, young feltspar
rich red granites and anorthosites. The eastern parts of the region 
up to 285 m.a.s. was covered by the sea when ice from the last 
glaciation left the region about 10,000 years B.P. 

Culture-historical background. 
When the ice melted man entered the region is small hunting 

comunities , using the waste inland for hunting and the rivers and 
the lakes for fishing. Agriculture became established early in the 
fertile coastal soils and about 4,000 years B.P. coastal farming 
comunities also became established in the region . 

In medieval times the river-valleys were inhabited by farmers 
and in the 13th century the first Christian churches were built in 
the inland . The large forests were still used only by trappers and 
hunters. By the beginning of the 17th century the fertile soils 
around the lakes and the rich grasses in parts of the forests were 
being used fir the summer-grazing of the cattle in small shielings 
(Sw. fabod) way off from the farms along the coasts and in the 
river valleys. Young girls followed the cattle and watched them 
in these shielings. 

In their isolation they presumed that they were surrounded 
by lots of supernatural beings. In the following centuries 
woodcutters started their work in the forests as well as char-coal 
burners. Even these people presumed that thet were surrounded 
by supernatural being, who sometimes lived in caves -if indeed 
the wood-cutter or the settler himself did not live or stay in a cave. 

Communications have always been troublesome in the area. 
In late medieval times we know that a «road» from the capital of 
Stockholm -far in the south-followed the Bothnian coast. This 
road was not prepared for wheel- carriges until the beginning 
of the 17th century . From the outlets of the rivers lndalsalven 
and Ljungan in the south-east a peregrine-road started which led 
to the shrine of St. Olof in the cathedral of Nidaros (Trondheim) 
in norway. Travelling was difficoult in summertime, thus most 
travelling was done on sledges in the winter. In the remote forests 
and wild mountains travellers were afraid of robbers who were 
supposed to live in caves ready to plunder both the travellers 
and the people in the farmsteads . 

The region was located between two waring arch-enemies of 
the Swedish crown . To the west was the county of Jamtland , 
which in the 17th century belonged to Norway and Denmark, 
while to the east, across the Bothnian Sea, was Russia. During 
the wars the inhabitants often searched for shelter in the caves 
or hid their treasures in caves. Officers and soldiers who deserted 
from the armies of bothsides often hid in caves. The last war 
from which we can date an FN was in 1809. This was also the 
last war in which Swedish troups fought on Swedish ground . 

Classification of cave-narratives 

Most of the FN connected with the caves in the region were 
either previously collected in different folkloristic archives in 
Sweden, found in books on local history, or were told to me 
during my interviews with people in the research areas. My 
purpose was to find out; 1, was there a geological truth in the 
specific FN or not? In other words, was there a real cave 
connected with the FN, or not. 2, was the cave big enough to 
have been inhabited and therefor was it possible to find any 
«black-earth» or fire-place in the cave, which at least could prove 
that the cave had been used by man? Finally; 3, was there any 
regional pattern in the distribution of the different FN? 

The cave-narratives were classified according to a 
classification constructed by Westerdahl (1982) and inspired by 
the general classification of folktales by Aarne & Thompson (1961). 
The classification is seen in table 1. 

A total of 42 caves in the county were associated with FN. 
Six of these caves were not found during the field work. The 

distribution of FN , according to the classification , can be seen in 
fig , 1 and table 2. 

CLASSIFICATION OF FOLK NARRATIVES CONNECTED WITH CA
VES IN SWEDEN 

1. 

2. 

3. 

4. 

5. 

a. 
b . 
C. 

a. 
b. 
C. 

d . 

a. 
b. 
C. 

d. 
e. 

a. 

b. 
C. 

d . 

a. 
b. 
C. 

d . 
e. 
f . 
g. 
h . 
i. 

OUTLAWS. 
«Twelve man in the forest». (migration tale) . 
Local robber, theaves, smugglers a.s.o. 
General robber-cave, hinted at in local geo
graphic name. 

HAUNTS, DWELLINGS 
For a craftsman, shoemaker, tailor a.s.o. 
For devine services. 
For settlers (during the first year /-s) . 
Beat hibernating dens. 

WAR-INCIDENTS 
Refuge for local people. 
Refuge for cattle, food , valuables. 
Refuge for deserter (Swedish or foreign). 
«Snapphane»* cave. 
Cave associated with the rebel Nils Dac
ke**. 

SUPERNATURAL BEINGS 
Dwelling for a siren of the woods (Sw.skogs
ra 
Dwelling for trolls . 
Dwelling for giants. 
Dwelling for local fairy folks (Sw. vittra). 

ON THE MORPHOLOGY AND CONTENT OF 
THE CAVE 
Continuing tunnel. 
The cave ends in another cave. 
And iron-gate stops the passage through. 
Breakdown stops the passage through. 
Secret covered entrance. 
Secret entrance below water. 
Hiding place for troll-gold a.s.o. 
Culture layer in the cave. 
Site of .. . 

NUMBERS OF CAVES CONNECTED TO DIFFERENT TYPES 
OF FOLK NARRATIVES 

I. OUTLAWS 
Class A B C 
Nr. of 2 11 1 
II HAUNTS, DWELLINGS 
Class A B C D 
Nr. of 4 3 3 2 
Ill WAR-INCIDENTS 
Class A B C D E 
Nr. of 7 1 1 
IV SUPERNATURAL BEINGS 
Class A B C D 
Nr. of 2 1 
V. MORPHOLOGY AND CONTENT 
Class A B C D E 
Nr. of 1 

NOTES: 

F 

F G 
1 

H 
(7) 

«Snapphane» was a man in a Swedish gerilla in the 17th 
century supported by Denmark. 
Nils Dacke was a patriot fighting the new king in the 16th 
century. 
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As can be read in table 2 the most common type of FN is 
that about lokal robbers and smugglers. These FN are common 
in the more inhabited areas and along the old road from the 
Capital of Sweden up north along the coast. Most of these FN 
can be dated back to the 16th and 17th centuries according to 
several indirect evidence. In many cases these tales have over 
the years become confused with very old migration-tales. 

Another common FN is about how the local people hid in 
caves and crevices during the raids of the Russian galleys during 
the wars of 1721 and 1809, when most of the villages and towns 
along the coast were burnt. These Russian raids have become 
a «tradition-dominant» in the coastal parts of the research-area. 
A common theme in these FN is that a child was born during 
the refuge in the cave and the informant had once been told 
about this by his/her mother/father who were supposed to have 
been ancestors of this child. Another theme is that about the 
silver from the churches in the region which was supposed to 
have been hidden in caves, and has since then never been found . 

Surprisingly few supernatural beings seams to have lived in 
this region , according to the FN . further south in Sweden this 
theme is quite common and in the county to the north of survey, 
several caves seems to have been inhabited by the local fairy 
folks called «vittra». The «vittra» was the dominant supernatural 

being in the belief of the people staying in the mountain shielings 
during the summer. 

By the distribution of the different FN (Fig .1) one can see how 
most of the FN are connected to the early inhabited coastal parts 
of the region . In the wast , and for long time waste, forested inland 
very few caves connected with FN are found, except for in the 
very SW parts of the region. The explanation to this exeption is 
that this special area is situated close to one of the oldest cultural 
regions in N. Sweden, the county of Jamtland. 

What about the geological evidence in support of the FN? 
The caves connected with robbers mostly are big enough for a 
hide-away. Most probably the robbers did not actually live in the 
caves, but they were perfect hide-aways before and after a 
robbery. 

As many as four caves are mentioned as dwellings. The reason 
seems to be that the fishermen hid in small caves on the islands 
along the coast when they were cough! by bad weather. In only 
one case is it quite clear that a cave volontarily has been chosen 
as a dwelling in modern time. That was a wood-cutter who 
intermittantly lived in a cave between 1872 and 1875. 

Most of the caves and the crevisses connected with war
incidents are big enough to be used as hiding-places and in 
many cases charcoal is found on the bottom of these caves. This 
is not a proof of the FN, but a good indication that the cave has 
been used by man. 

Not surprisingly one of the biggest caves in the region is the 
only one connected with giants. The entrance of this cave is 15 
m high and it can be seen from far away. According to the FN 
trolls have lived in only two caves in the region and in both cases 
the trolls seem to have been replaced by robbers during the 
political unstable 16th and 17th centuries. 

Conclusions 

Folk narratives (FN) are associated with caves all around the 
world . The types of FN clearly reflects the dominant belief and 
the historiacal cultural and political situation of the region. In the 
researched region , the county of Vasternorrland in northern 
Sweden, it is quite clear from the FN that the region in former 
days was a border country both in political and cultural aspects . 
The flora of FN is very poor compared to that of southern Sweden, 
and the different FN reflect the dominant needs of the population 
-peace and health, as threatened by outlaws and foreign soldiers. 
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La grotte «Labyrinthe» de Gortyne en Crete 

RESUM 

Anna Petrochilou* 
Speleo/ogue 

El /aberint de Greta al qua/ es refereix l'antiga mitologia grega, hom considera que es troba a tres 1/ocs diferents de /'ii/a : 
Knossos, la cova de Gortis i la cova d 'Agias Paraskevi Scotinou. 

Els tres 1/ocs justifiquen plenament el per que d 'aquesta denominaci6. En aquest comunicat es fa referencia a: 
1) Opinions de/s antics grecs i d 'altres savis posteriors d 'altres indrets que s 'han preocupat per a localitzar el vertader 

empla<;ament def /aberint de Greta 
2) lnformaci6 diversa sobre la cova /aberint de Gortynos, despres d 'exhaustives investigacions, cartografies i altres estudis 

sobre la mateixa 
3) Conclusions que hem tret arrel d 'aquestes investigacions a que acabem de referir-nos, en relaci6 amb altres estudis que 

s 'han fet fins avui dia. La major part d 'aquests estudis coincideixen en afirmar que la cova havia estat una antiga pedrera 
d 'on s 'havien extret /es pedres que haurien de servir per a construir /es antigues ciutats de Gortis i Knossos. Altres estudiosos, 
en canvi, han considerat que es tracta d 'una cova natural, amb diversos recorreguts que segueixen, alhora, diverses direccions. 
Queda d 'aquesta manerajustificada la relaci6 amb /'antiga mitologia grega quan fa referencia a Theseus, Ariadne i Minotauros. 

RESUMEN 

El /aberinto de Greta a que se refiere la antigua mitologfa griega se considera que se encuentra en tres /ugares diferentes de 
la is/a : Knossos, la cueva de Gortis y la cueva de Agias Paraskevi Scotinou. 

Los tres /ugares justifican la raz6n de este tftulo. 
En nuestro comunicado se hace referencia : 
1) Opiniones de antiguos griegos y posteriores sabios extranjeros, que se han preocupado por el verdadero emplazamiento 

de/ Laberinto de Greta. 
2) lnformes de la Cueva: Laberinto, Gortynos, despues de investigaciones, cartograffas y estudios detallados. 
3) Conclusiones sobre las mencionadas investigaciones, en relaci6n con cualificaciones que los estudiosos han dado hasta el 

presente. La mayorfa de ellos lo han caracterizado como una cantera de piedra, con la que fueron construidas las antiguas 
ciudades de Gortis y Knossos. Otros la han caracterizado como una cueva natural con varios recorridos hacia diferentes 
direcciones. Queda asf justificada la relaci6n con la antigua Mitologfa Griega que menciona Theseus, Ariadne y Minotau
ros. 

SUMMARY 

The Labyrinth of Crete, which has been connected with Greek Mythology, has been situated by the Ancient Greek and foreign 
scientists into three diferent areas: Knossos, the Cave of Gortis, and the Cave Agias Paraskevi Scotinou. All the three areas mentioned 
above require presuppositions justifying the c/aming of this title. 

In our announcement, we include: 
1) Opinions of different Greek and foreign specialized scientists, who have dealt with it at various times. 
2) Description orf the Cave «Labyrinth>> of Gortis, after a specified investigation, Mapping and study 
3) Aspects and conclusions, which took place in our above investigation, according to the characterisms which the investigators 

have given us so far. It was characterized, by some of them, as a stone-quarry from whose stones the Ancient city Gortis 
and Knossos were built, and by some others, as a natural Cave with a Jot of passages and crossings which has been 
connected with the Ancient Greek mythology and also with Theseus, Ariadne, and the Minotaur. 

LIEU ET MYTHOLOGIE 

Le «Labyrinthe» de Crete, qui est lie a la mythologie ancienne, 
a, depuis des centaines d 'annees, preoccupe de nombreux scien
tifiques grecs et etrangers, en particulier a propos des questions 
qui concernent son site et sa creation. II a ete situe dans trois 
endroits differents : a Cnossos, dans la grotte de Gortyne et dans 
la grotte d 'Aghia Paraskevi Scotinou . Tous ces sites sont suffisam
ment justifiables . Diodore le Sicilien raconte, apropos du Labyrin
the de Cnossos, que Dedale, au cours de sa route vers l'Egypte, 
fut emerveille par la construction artistique du Labyrinthe et , qu 'a 
son retour a Cnossos, ii fit construire un Labyrinthe similaire pour 
Minos, le Roi de Crete. 

PLINE dit que sa dimension est d 'environ cent fois la taille 
du Labyrinthe egyptien et SA VARY mentionne que le Labyrinthe 
de Cnossos etait deja demoli au temps de Pline. 

TZETZES quant a lui dit que le Labyrinthe etait une prison 
de laquelle personne ne pouvait s'echapper a cause du fait que 
ses innombrables circonvolutions etaient semblables a la coquille 
d 'un escargot 

POCOCKE croit que le Palais de Minos n'etait pas autre chose 

que le Labyrinthe. CLAUDIN distingue le Labyrinthe de Gortyne 
du Labyrinthe de Cnossos, en ecrivant que «le Labyrinthe de 
Gortyne etait la residence permanente du Minotaure». CLAUDIUS 
CLAUDIANUS est du meme avis (voir De Sexto Consulatu Honorii , 
4eme-5eme siecle ap. J.-C.). 

CEDRENUS ajoute: «Le Minotaure s'est cache dans les profon
deurs d 'une grotte aux cent circonvolutions». 

MALLALAS (5eme siecle ap. J.C.) dit, entre autres choses , 
que Minos a donne l'ordre a Thesee de tuer le Minotaure, fils de 
sa femme Pasiphae et de Taurus le Maniaque, dans l'espoir que 
Thesee serait tue lui-meme. L'amour anormal de Pasiphae pour 
Taurus avait ete cree par le Dieu Poseidon, de cette fac;:on Minos 
pouvait etre puni pour ne pas avoir sacrifie le taureau qu 'il avait 
promis a Poseidon . Le Minotaure avait l'habitude de vivre dans 
les profondeurs d'un grotte horrifiante et complexe appelee «Laby
rinthe». Ariane, la fille de Minos, donna une corde et un epee a 
son bien-aime Thesee afin de le sauver. Apres un combat mortel , 
Thesee tua le Minotaure et , a l'aide de la corde, ii reussit a sortir 
de la grotte en vainqueur . 

LITHGOW confond le Labyrinthe de Cnossos avec celui de 
Gortyne. 
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Caracteristiques de la formation du Labyrinthe 
de Gortyne 

Le Labyrinthe de Gortyne a ete caracterise par certains comme 
une mine de pierre avec laquelle ont ete construites les cites 
anciennes de Gortyne et de Cnossos. D'autres croyaient que la 
grotte avait ete ouverte naturellement. 

Au cours de leur visite dans cet endroit, les scientifiques 
BELON (1553), THENET (1575), BAROZZI (1577), RADZIVIL et 
OUERINI (1583), COCKERELL et SONNINI (1779) et SIEBER (1818) 
l'on determinee comme etant une mine de pierre et ZUALLARDO 
1586, BOSCHINI 1650, POCOCKE 1739. Dans un discours qu'il 
a donne au cours du Meeting des physiciens allemands a Venise 
en 1832 au sujet du Labyrinthe de Crete, OSTIN DE PROCKESH 
dit que la grotte est situee sous Gortyne et ii pense que c'etait 
autrefois un cimetiere qui a ete decouvert durant les annees du 
regne egyptien . F. FRAULIN (1845) qui a etudie la region de la 
grotte et , geologiquemement, la cave elle-meme, declare: «On 
monte d 'abord sur des marnes grisatres qui renferment un grand 
amas de gypse mineral , peu frequent dans 1'11e, puis on arrive 
sur des banes de calcaire grossier et jaunatre, au milieu desquels 
se trouve l'entree. Au-dessus de l'entree un bane de calcaire 
grossier et blanchatre, avec des empreintes de coquillages ma
rins. La colline est formee par d'autres calcaires grossiers plus 
ou moins durs et , de son sommet, on voit qu 'elle fait partie de 
la terrasse tertiaire placee au devant des basses pentes du Psilori
ti , dont elle est souvent separee par des vallons. 

L'entree du Labyrinthe, practiquee dans des banes de calcaire 
grossier un peu sableux et jaunatre, est surmontee immediate
ment par un bane de calcaire sableux, grossier et jaunatre, avec 
des empreintes de coquillages, suivi de plusieurs autres varies 
dans leur grain» ... 

Le sommet de la colline est forme par des calcaires grossiers 
et jaunatres, tant6t durs en lits minces, et tant6t en partie grenus, 
avec de petits cailloux talqueux, en banes assez epais». 

SOCIETE SPELF.01,0GIQUE DE GRECE 

LA GROTTE 

FAR! ANNA PETROCMILOU 

ECHELLE: o. 10 20 30 ~o "'· 

... «Les salles ont leurs parois bien taillees qui sont generale
ment fort seches. La roche est un calcaire grossier et jaunatre 
renfermant des grains de sable dont la stratification d'abord assez 
distincte, l'est beaucoup moins dans des parties profondes, ou 
les banes d 'abord peu epais le deviennent beaucoup plus». 

Et ii conclut: «Toutefois, s'il est vrai que l'on ne trouve pas, 
dans les collines de maciguo et de calcaire gris qui dominent 
Gortyne, de bonnes pierres de taille, ii n'est past exact que 
l'eglise soit construite avec la pierre ordinaire du Labyrinthe, car 
c 'est un calcaire grossier et jaunatre avec des grains pisolithiques 
que je n'y ai pas rencontres». Et ii ajoute: «II serait encore impor
tant..., et de verifier l'origine naturelle ou artificielle du fameux 
Labryrinthe de Gortyne». 

Pour continueeer, nous mentionnons, par ordre chronologique 
de leurs visites, les scientifiques qui croient que le Labyrinthe de 
Gortyne est une grotte naturelle dont les petites salles ont ete 
agrandies ii y a quelques siecles par d'excellents artistes qui ont 
egalement sureleve le plafond en enlevant ses couches de pierres 
qui etaient placees horizontalement le long l'epaisseur de la mon
tagne. lls ont mis au jour une partie des parois verticales et mis 
de cote la plupart des pierres qui genaient le passage. Ces 
scientifiques etaient: RANDOLPH (1687), TOURNEFORT (1700) , 
MAIHOWS (1750), SAVARY (1779), FABREGUETTES (1834), 
SCOTT (1834) . Finalement P. FAURE (1958) place le Labyrinthe 
mythique dans le site d'Aghia Paraskevi a Scotinou pres d'Hera
clion, appuyant son point de vue sur les decouvertes qu'il a faites 
'lui-meme et sur les trouvailles des fouilles conduites par EVANS, 
PENTLEBURY et DAV ARAS ainsi que sur les formations de stalag
mites qu 'i ls y ont trouvees, qui rappellent une des formes humai
nes qui ont ete ameliorees par l'homme. II est aussi etabli qu'il 
existe meme une stalagmite qui a la forme d 'un animal a quatre 
pattes et qui, probablement, represente le Minotaure. A part ces 
decouvertes, la grotte d'Aghia Paraskevi est ouverte en etages 
successifs, divises en sections par des formations de stalagmites, 
creant ainsi des couloirs complexes. 
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5. SALLE DE CERE~ONIE 
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12. CARREFOUR TROMPEUR 
1 J. ENTR~E R. 
14. CEMEURE CE Ml~OT/\VROS 
15. CORR !DOR CENTRAL B' 
16. S/\LLF. 0 PLIIQUE 



Cartographie 

La reproductiones sur carte d 'un plan de la grotte «Labyrinthe» 
a ete enterprise par COCKERELL et SIEBER. La carte de COCKE
RELL, publiee en 1820, est incomplete. La carte de SIEBER, 
publiee en 1821 est meilleure. Sur sa carte, SIEBER emploie des 
noms de sa propre invention pour designer les differentes sections 
de la grotte, la plupart d'entre eux ayant ete inspires de la Mytholo
gie grecque ancienne et ayant une relation avec Thesee, Ariane 
et le Minotaure. Nous avons conserve et complete ces noms. 

Site de la grotte 

La grotte Labyrinthe de Gortyne est situee au sud-ouest des 
contreforts du Mont Ida (montagne du Psiloritis en langage usuel), 
a une hauteur de 413 m. Pour l'atteindre, ii faut partir d 'Heraclion 
vers le village de Kastelli , en empruntant une route asphalteete 
de 57 kms de long qui est prolongee par un chemin de terre de 
3.800 m de long qui mene jusqu 'a l'entree de la grotte. 

Selan le Professeur N. Symeonides «la pierre qui couvre la 
region du Labyrinthe date de l'epoque mesomiocenique et 
contient , par alternances regulieres, des couches d 'argile d 'eau 
douce grise et verdatre, avec quelques sections d'asbestes da
tant aussi de l'epoque mesomiocenique. Les platres qui existent 
au nord du village de Kastelli datent egalement de l'age mesomio
cenique». 

La grotte 

Les couches de pierres, dans lesquelles la grotte est ouverte, 
sont totalement horizontales et consiste en une sorte de pierre 
que nous avons deja mentionnee plus haut. Dans de nombreuses 
parties du sol ii existe des plaques qui se sont detachees du 
plafond et qui sont tellement symetriques qu 'elles donnent !'im
pression d'avoir ete faites par l'homme. Ces couches de pierres 
horizontales ont cree la cavite presque entierement horizontale 
de la grotte, avec quelques deviations. 

Ses parties accessibles ont une surface de 8.900 m2. La 
longueur de ses couloirs complexes est de 2.470 m. Les grecs 
anciens ont tire avantage de certaines de la plupart des sections 
favorables de la grotte, creusant artistiquement ces sections en 
salles de formes et de dimensions differentes. Jusqu 'a present 
nous n'avons pas d 'indications quanta !'utilisation de ces pieces. 
Elles etaient peut-etre utilisees pour des activites diverses, en 
tant que lieux de culte et de mysteres, ou d 'amusement, de 
rencontre, etc ... La recherche archeologique repondra a ces ques
tions. Toutes les salles sont reliees entre elles par des couloirs 
etroits ou plus larges, dont les parois creusees ont ete renforcees 
par endroits avec des pierres enfoncees qui retiennent les mate
riaux inutiles mis a jour au cours du creusement des parois. Ces 
materiaux couvrent de larges parties de la grotte et restent inac
cessibles encore de nos jours. II existe aussi des colonnes sculp
tees qui supportent le plafond. 

La supposition que la grotte est une mine de pierres souterrai
nes, avec lesquelles les cites anciennes voisines de Gortyne et 
de Cnossos ont ete construites, n'est vraisemblablement pas 
correcte pour les principales raisons suivantes: 

1) Ainsi que nous l'avons deja mentionne, la grotte est com
plexe dans sa forme et couvre une large region. 

2) La plupart de ses salles sculptees sont a une grande distan
ce de l'entree et a une grande distance l'une de l'autre. 

3) Par les etroits passages existant dans la grotte, et qui ont 
des parois de pierre et un sol irregulier dont la largeur 
dans certains endroits est de seulement 1 - 1,5 m, ii 
n'aurait pas ete possible de deplacer vers l'entree de la 
grotte les grandes et lourdes pierres naturelles et sculptees, 
en particulier si l'on considere qu 'a cette epoque les horn
mes n'avaient a leur disposition que des outils primitifs 
pour les aider a soulever les choses. 

4) L'entree d.e la grotte est a une distance d 'une heure de 
la cite ancienne de Gortyne sur une pente plutot escarpee 

et sauvage du Mont Ida, a 220 m de hauteur et sans route 
pour y acceder. Comment pouvait-il alors etre possible, a 
cette epoque, dans de telles circonstances primitives, de 
deplacer de grandes et lourdes pierres quant TOURNE- · 
FORT dit: «II etait meme difficile pour un homme d 'atteindre 
l'entree a dos de cheval»? 

5) Puisque la colline entiere ou la grotte est ouverte, ainsi 
que toute la region de Gortyne, est couverte par la meme 
sorte de couche de pierre, ii aurait ete logique pour nous 
de conclure en disant que les materiaux de construction , 
pour n'importe quel besoin d 'edification de l'epoque, au
raient ete plus faciles a trouver et a prendre directement 
dans la region de Gortyne, cette solution etant plus facile 
et plus economique. 

Conclusions 

Le Labyrinthe de Gortyne que nous avons prouve etre une 
grotte ouverte naturellement et techniquement amelioree par 
l'homme, et qu'il soit le Labyrinthe mentionne dans la Mythologie 
grecque ancienne ou pas, est d 'une grande importance au niveau 
international, a la fois a cause de sa vaste region et de sa 
formation sur des couches horizontales de pierres , et aussi a 
cause de !'admirable elaboration artistique de certaines de ses 
sections par les hommes d'un age lointain, dans des conditions 
qui, meme aujourd 'hui , seraient considerees comme diffiiciles et 
dangereuses pour la sante humaine. 
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Contributo alla conoscenza di Salvatore Ravecca (XVII sec.), precursore della 
speleologia scientifica 

Matteo Barbagelata• 
Centre Studi per /'Ecologia de/ Quaternario 

RESUM 

Aquest article versa sabre la personalitat i el treba/1 de Salvatore Ravecca (o Raveca), considerat per Michele Gortani com el 
precursor de l 'espeleologia cientffica. 

La primera part descriu la seva breu vida escolar, basant-se en /'escassa informaci6 que se 'n te i ressalta el fet que· encara 
no s 'ha investigat a fans la seva vida. 

La segona part s 'inicia amb una aproximaci6 historica dels moments que van envoltar la seva vida esco/ar (finals def 1.500 i 
principis def 1.600), intentant subratllar el caracter cientffic de /es seves observacions natura/fstiques sabre els fenomens carstics 
de la Liguria occidental (Italia), i en particular, la seva intuici6 respecte a la relaci6n existent entre la sorgencia marina d 'aigua dolr;a 
de Cadimare i /es cavitats que s 'obren, aproximadament, a 7 km. d 'aquesta ciutat en un promontori situat a la part oriental def golf 
de La Spezia. 

RESUMEN 

El comunicado ilustra el caracter y el trabajo de Salvatore Ravecca (o Raveca), considerado par Michele Gortani coma el 
precursor de la espe/eo/ogfa cientffica. 

La primera parte describe la breve vida escolar, basada en la escasfsima informaci6n que poseemos, resa/tando tambien el 
hecho de que todavfa no se ha investigado a fondo sabre su vida. 

La segunda parte, se inicia en las consideraciones hist6ricas en las cuales vivi6 el escolar (finales def 1.500, principios def 
1.600), se intenta subrayar el caracter cientffico de sus observaciones naturalfsticas sabre las fen6menos karsticos de Liguria 
occidental (Italia), particularmente su intuici6n sabre el en/ace existente entre la surgencia marina de agua du/ce de Cadimare, y 
las cavidades abiertas aproximadamente a siete kms. de distancia de esta ciudad, en el promontorio oriental def Golfo de La Spezia. 

SUMMARY 

The report illustrates the character and work of Salvatore Ravecca (or Raveca), considered by Michele Gortani as the forerunner 
of scientific speleology. 

The first part describes the scholar 's short life, based on the extremely scarse information we have, also keeping in mind the 
fact that no exhaustive research on his life has ever been carried out yet. 

The second part, starting from historical considerations on the period when the scholar lived (end of 1.500, beginning of 1.600), 
intends to underline the scientific character of his naturalistic observations on the karst phenomena of Eastern Ligury (Italy), particularly 
his intuition of the link existing between the Cadimare sea spring of fresh water and the cavities opening nearly seven kilometes 
far from that site, in the Western promontory of the Gulf of La Spezia. 

Le scarse notizie in nostro possesso non ci permettono di avere 
una chiara immagine dello studioso secentesco. Pur tuttavia si 
riesce palesemente a scorgere una personalita ricca di intuito 
che tende ad avvicinarsi sempre piu a considerazioni prive di 
pregiudizi , considerazioni basate su osservazioni in sito. 

La ricerca di queste poche notizie e stata effettuata da Ubaldo 
Mazzini , storico locale, che l'ha raccolta e ordinata in un articolo 
apparso nel 1919 sul Giornale Storico della Lunigiana. Da questo 
si pu6 desumere con una certa sicurezza che ii Ravecca nasce 
ii 26 dicembre del 1582 presso un piccolo gruppo di case detto 
Vissegi (o Vissegli) poco sopra alla localita La Face, nel comune 
della Spezia (Liguria orientale), da umile famiglia. Diviene dottore 
in legge a dal 1607 al 1608 tiene a Marinasco l'ufficio di vice 

curato. Si occupa di scienze storiche e umanistiche scrivendo la 
biografia di Bartolomeo Facio, umanista locale del XV secolo, che 
purtroppo non _sara pubblicata. Si dedica anche alla poesia, la
sciandoci un solo piccolo elogio in tre versi che dice: 

Praebuit inde suum recitantibus aula tenorem. 
Blaxia Pontificis Romani et Caesaris olim . 
Ouae fuit hospitium variis domus inclyta factis 
Sembra sia stato composto in occasione dell'apertura di un 

teatro da parte della famiglia Biassa che pare avesse ospitato 
nel propio palazzo l'imperatore Carlo V e i pontefici Clemente VII 
e Paolo Ill. Ma purtroppo, vista la misera quantita di scritti pervenu
tici , e assai arduo valutare ii livello della sua poetica. 

Una delle piu attendibiii note che riconoscono ii Ravecca come 
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personaggio di eccelsa erudizione e quella lasciataci da Antonio 
Maria (1601-1662) discendente diretto della famiglia Ravecca, nota 
apposta al margine dell'atto di nascita di Salvatore, che dice: 
«Salvator infrascriptus litterarum humanarum maxime poetices eru
ditissimus juris doctor et presbiter factus obijt aetatis suae trigesi
mo tertio maxima cum Populi ac Spediae merore ob opus imper
fectum ab eodem relictum rerum gestarum a Bartolomeo Faccio 
spediensi serenissimae Genuensis Reipublicae a secretis , quod 
opus typis edidisset nisi morte preventus ad altiorum contempla
tionem evocatus eset». 

Lo studioso, considerando la data di sepoltura riportata nel 
libro dei morti della Pieve di Santo Stefano, sarebbe morto nel 
luglio del 1612, quindi alla giovane eta di ventinove anni . Sempre 
dal libro dei morti si desume che la sua fine rion e per morte 
improvvisa, ma in seguito a lunga malattia. 

Dovendo discutere !'opera. del Ravecca, a questo punto e 
essenziale esaminare ii suo discorso intorno all 'idrologia sotterra
nea del promontorio occidentale del Golfo della Spezia. Per giudi
carlo e indispensabile riportarlo nella sua veste integrale, conside
rate anche ii fatto che e proprio da questo, dall 'autore comunicate 
oralmente ad Ippolito Landinelli che ce lo ha tramandato sotto 
forma di manoscritto, che dipende l'attribuire allo studioso ii titolo 
di precursore della speleologia scientifica. 

Si riporta quindi , in una forma un po ' piu leggibile (si e sistema
ta una punteggiatura piu idonea), como segue: «E» da sapere 
che tutto quel territorio si divide in due sorti di terreno: uno che 
volgarmente chiamano morto, per sua natura leggiero ma denso 
e senza spiracoli ovvero siti concavi e sotterranei ; e l'altro vivo, 
tutto cavernoso e adorno di pietre vive nominate tutti , di grotte 
e fontane, in modo abbellite solamente dalla natura che con le 
vaghe e deliziose colature d 'acque rendeno non poco gusto a 
chi col benefizio del lume si diletta vagheggiarle entro le viscere 
piu intime di quei monti. Tale e la Bocca Lupara, caverna sotto 
un monte che cammina gran spazio, e piu basso nello stesso 
luogo un 'altra amenissima fontana che nel supremoliminare ha 
inscritte queste parole: Nympharum domus; ambedue le quali 
stillano acqua limpidissima e freschissima e danno agevole como
dita di andare a piano sotterra, di calare a scendere per molto 
spazio e di vedere la varieta di quei luoghi cavernosi e sotterranei , 
oltre a tante altre simili che per brevita si tralasciano. 

Dalla parte adunque del terreno vivo, scendendo, per le viscere 
ascoste della terra, impetuosamente detto fiume al mare, e neces
sario che abbia ii suo principio cinque o sei miglia e forse piu 
dal suo fine e che scorrendo da quei luoghi cavernosi e sotteranei 
tanto maggiormente cresca, quanta che dalle diverse scaturigini 
d'acqua e molto piu dalle abbondanti pioggie e riempito . E per 
prova di questa congetturata verita si pu6 addurre che in tempo 
di pioggia e gran venti, mentre ii fiume piu e rapido e furioso, 
passando sopra Carpena verso Rimaggiore e stando ivi con le 
orecchie attente vicino a terra, si sente romoreggiare in maniera 
sotto a piedi nel profondo delle terrestri viscere, che probabilmen
te fa credere passarvi qualche fiume. Oltreche la moltitudine delle 
cavernose e spesse fontane che derivano in diverse valli vicine 
a' monti per mezzo de' quali si e detto che passa ii fiume sotterra
neo, ci6 dimostrano con le vene d 'acqua che como per condotti , 
vanno naturalmente penetrando per quei tutti , onde se ne arguisce 

la prima causa dallo stesso fiume e massime che in abbondanza 
di pioggie egualmente ingrossano data la proporzione e si turbano 
le acque di esse fontane, come e per pioggia e per venti giunge 
quella del fiume torbida al mare. 

Potrebbe anco essere che siccome ordinariamente quella boc
ca di spelonca detta Zigori, vicino a S. Benedetto del Montale, 
ha, per quanta si congettura da molti segni , corrispondenza colla 
sprugora nominata di Maggiola, che e questa in fine del piano 
della Spezia, cosi metre straordinariamente dalla piena dell 'acqua 
viene accresciuta detta bocca di Zegori possi facilmente, per 
luoghi sotteranei , somministrar acqua, legnami e cose simili che 
essa va ingorgando al detto fiume che poi vicino a Marola sotto 
la nouva fortezza di S. Geronimo scarica nella marina. E ci6 si 
pu6 vedere perche la sprugora di Maggiola non e atta a ricevere 
tanta materia e per la strettezza delli meati che la conducono e 
per l'ampiezza delle circonvicine caverne sutticienti a capire essa 
materia e maggiori cose; sicche non e se non da tener per fermo 
ch'essendo tutti quei luoghi , como s'e detto, cavernosi , di tanti 
rivoli , scaturigini e torrenti sotterranei sia causate esso fiume 
scaricato poi dalla propria natura di quei luoghi a mezzo del mare». 

El discorso si pu6 schematizzare nel seguente modo: 
1. Distinzione e descrizione geomorfologica del territrio; 
2. Escursione in alcune cavita dell 'area carsica con osservazio

ne dei fenomeni relativi in esse presenti ; 
3. lpotesi circa la genesi di un corso idrico sotterraneo che 

termina in mare; 
4. Prima giustificazione dell 'ipotesi basata su osservazioni indi

rette del corso idrico sotterraneo tramite mezzo acustico; 
5. Seconda giustificazione dell'ipotesi basata sulla constata

zione dell'esistenza di numerose cavita presenti in sito, che costi
tuirebbero condotti naturali , e l'interconnessione che esisterebbe 
fra le sorgenti carsiche e l'esutore marina piu evidente; 

6. lpotesi circa l'idrografia sotterranea del succitato corso idri
co; 

7. Proposizione conclusiva che ribadisce le ipotesi sulla genesi 
e l'idrografia de corso idrico. 

Si nota dunque che ii momenta teorico inserito nella dialettica 
del metodo sperimentale, tenderebbe ad essere suffragato dalla 
verifica scientificamente valida, ma non riesce a per questo resta 
evidente che le ipotesi , basate indiscutibilmente su belle intuizioni, 
sono giutificate ma non teorizzabi li. 

Pagie manoscritte da Ippolito Landinelli sulle quali appare ii 
discorso di Salvatore Ravecca intorno all'idrologia sotterranea del 
promontorio occidentale del golfo della Spezia. 
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Vorschlage und Gedanken Zur Digitalisierung von Oaten Ober Raumformen 
und Hohleninhalt 

RESUM 

Gunter Stummer 
Wien 

En aquest treball s 'examinen una serie d 'idees i propostes per a la computeritzaci6 d'informacions sobre /es formes de/s recintes 
i de /es galeries de /es cavitats, diposits i altres dades de treballs cientffics aixf com la seva conexi6 i correspondencia directes 
amb /es dades de /es topografies. D 'aquesta manera hom podria disposar d 'una serie de dades d 'interes de forma c/ara i rapida 
per a qua/sevol tipus de consulta. 

RESUMEN 
En este trabajo se examinan ideas y propuestas para computerizaci6n de informaciones sobre formas de recintos de galerfas 

de .cavidades, dep6sitos de cuevas y datos de trabajos cientfficos y su conexi6n y correspondencia directas con los datos de las 
topograffas. De este modo /os datos estarfan disponibles de forma c/ara y rapida para cualquier tipo de consulta. 

SUMMARY 
This paper is a description of thougts and proposals to compute all informations about de figures of cave passages, cave 

deposits and dates of scientific works and connect and store them directly together with the cave survey data. By this way the 
dates could be avaiable very fast and clearly arranged for all kinds of questions. 

A. Einleitung 

Grundsatzlich sind derzeit alle lnformationen Uber Raumausfor
mung und Hohleninhalt in drei Dokumenten enthalten, in graphi
scher Form am Hohlenplan, in verbaler Form in Raumbeschreibun
gen und Berichten und letztlich auf Fotos. Bei kleineren Hohlen 
wird diese Art der lnformationsdokumentation vollig ausreichen, 
sich einen GesamtUberblick Uber die Htihle zu verschaffen. Bei 
grol3en Hohlensystemen wird es jedoch Uberaus schwierig, die 
graphisch und verbal vorliegenden lnformationen Uberhaupt noch 
zusammenschauend zu Uberblicken und hisichtlich bestimmter 
Fragestellungen Aussagen zu treffen . Dies vor allem schon des
halb, weil es bei derart grol3en Hohlen kaum mehr eine Einzelperon 
gibt, die aus eigener Anschauung alle Hohlenteile kennt , weil sich 
die Erforschung Uber Jahrzehnte entreckt und were bei solchen 
Htihlen in der Regel auch die vertikale Darstellung (Aufril3 oder 
Langsschnitt) fehlt oder nur sehr schematisch vorliegt. Es wurden 
daher in den letzen Jahren immer wieder Oberlegungen angestellt , 
diesen Mangel an raschem und Ubersichtlichem Zugriff auf die 
lnformationen Uber Raumausformung und Hohleninhalt zu verbes
sern . Einen solchen Ansatz haben etwa KASPEREK, PAVUZA 
und TRAINDL (1985) mit einem Fomular gesetzt, auf dem in geord
neter und Ubersichtlicher Weise bereits vorgegebene Stichworter 
zum Hohleninhalt l..l{ld zur Raumform angekreuzt werden konnen. 
Dieses Formular wird derzeit in einigen Hohlen getestet und stellt 
sicherlich einen wertvollen Beitrag fUr einen nutzungsorientierten 
Zugriff auf diese lnformationen dar. Dadurch erfolgt auch bereits 
ein erster Schritt zur Aufbereitung verbaler lnformationen. 

Ein wesentlicher Schritt , namlich die Raumbezogenheit all die
ser lnformationen, wie sie auf graphischem Weg am Hohlenplan 

in durchaus zufriedenstellender Weise realisiert ist , ist damit je
doch noch nicht vollzogen. Eine solche Lageverortung macht aber 
den Einsatz der Datenverarbeitung und den raumlichen Bezug 
der lnformationen zueinander erst moglich und sinnvoll. Dadurch 
stUnden diese lnformationen rasch , verknUpfbar und Ubersichtlich 
zur VerfUgung. 

B. Erfassbare informationen 

Als eindeutiger Lagebezug der einzelnen lnformationen inner
halb einer Hohle kann nur der Vermessungszug herangezogen 
werden . Es ist daher sinnvoll , alle erwUnschten und erhebbaren 
lnformationen direkt in Form geeigneter Codierungen an die Ver
messungsdaten zu knUpfen und mit diesen abzuspeichern . Dies 
scheint umso leichter realisierbar, als die Mel3daten riesiger Hoh
lensysteme heute in zunehmendem Mal3 ohnehin bereits mit Com
putereinsatz bearbeitet werden und es daher vorwiegend um eine 
moglichst rationelle Erhebung und Aufbereitung der lnformationen 
geht. Dadurch stUnden die einzelnen lnformationen nicht nur 
zueinander in einem exakten (der Vermessungsgenauigkeit ent
sprechenden) Lagebezug , sondern auch , soferne die Hohle exakt 
eingemessen ist, mit der Oberflache. Die einzelnen lnformationen 
Uber Hohleninhalt und Raumform liel3en sich daher durch Nutzung 
der Punktkoordinaten und Codierung der Information digitalisieren 
und waren damit einer EDV-Bearbeitung zuganglich. Allerdings 
bedarf es vorest einer genauen Analyse, welche lnformationen 
dafUr in Frage kommen und welche auch weiterhin ausschiliel3lich 
dem Hohlenplan vorbehalten bleiben konnen. Sinnvoll erschiene 
dies nur bei solchen , die zur DurchfUhrung von Aussagen einer 
Ubergeordneten Zusammenschau bedUrfen . So ist in diesem Zu-
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sammenhang sicherlich die Frage berechtigt , ob etwa die Codie
rung der Sedimente, wie es auf Abbildung 1 dargestellt ist , sinnvoll 
ist oder ob in diesem Fall nicht eine zusammenfassende, verbale 
Charakterisierung optimaler ist. Grundsatzlich konen zwei Grup
pen von lnformationserhebungen unterschieden werden: 

1. lnformationen, die schon bisher auf guten Hohlenplanen 
und in Raumbeschreibungen enthalten waren . Diese lnformatio
nen mupten direkt vom Vermessungsteam miterhoben werden , 
da eine nachtragliche Rekonstruktion des Mepzuges in der Hohle 
in der Regel zu aufwendig ware. For eine derartige Erhebung 
mupte als Grundvoraussetzung gelten , dap sie vom Vermessungs
team ohne bedeutenden Zeitaufwand und ohne wesentliche, zu
satzlich Schulung im Zuge der eigentlichen Vermessung durchge
fUhrt werden kann . Als Lossung kame ein Formular (Abb.1) in 
Frage, auf dem neben den herkommlichen Mepdaten (Lange, 
Neigung, Richtung) alle wUnschenwerten lnformationen (auf den 
Vermessungspunkt oder Zug bezogen) ebenfalls nur mehr ange
kreuzt werden mupten . Dabei konnten die zu erhebenden lnforma
tionen auf dem Formular durch jene Signaturen gekennzeichnet 

werden, wie sie auch auf dem Hohlenplan verwendet werden und 
daher dem Planzeichner gelaufig sind . Soferne ein guter Hohlen
plan vorliegt ware es sicherlich auch vorstellbar, dap diese lnfor
mationen vom jeweiligen Bearbeiter und Kenner des Hohlenab
schnittes an Hand seiner Aufzeichnungen auch nachtraglich ein
getragen werden , da die Handhabung solcher Formulare in der 
Hohle oft unzweckmapig ist. 

Abb, 1 FORMBLATT ZUR ERFASSUNG VON INFORMATIONEN UBER DEN 
H(jHLENINHAL T UNO DEN ZUGVERLAUF 1M RAUM 
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Ole zutreUenden lnformallonen Ober den HOhlenlnhalt und den Zugverli.uf ffl Raum werden angekreuzt 
und k6nnen komblnlert werden. 

BEISPIELE 

In welcher Form diese lnformationen schliePlich zusammen 
mit den Mepdaten gespeichert und durch ein zweckmapiges Pro
gramm den gewOnschten Fragestellunge wieder zuganglich ge
macht werden , kann dem EDV-Fachmann Uberlassen werden . 

Folgende lnformationen konnten etwa auf diese Weise an den 
einzelnen Vermessungspunkt oder Zug geknUpft werden (auch 
als Grundlage fUr topographische Hohlenplane): 

a. Profile, die nicht nur hinsichtlich ihrer in Abschnitt C be
schriebenen Lage sondern auch ihrer Form mit einem in 
Abbildung 2 vorgeschlagenen Formblatt digitalisiert werden 
konen. Dadurch ergabe sich die Moglichkeit der Berech
nung der Querschnitte oder einer eventuellen generalisier
ten Zuordnung zu «Profiltypen». Derartige Profilangaben 
sind in vereinfachter Form, allerdings nur bei jedem Vermes
sungspunkt , auch heute bereits fUr laufende Programme 
zur raumlichen Darstellung von Hohlen erforderlich . 

b. Hohleninhalt (Sedimente, Eis, stehendes und fliependes 
Wasser (mit Flieprichtung als Vektor) , Versturze, Verleh
mungszonen, Siphone u.s.w.). 

c . Offen Fortsetzungen (eine derartige Erfassung konnte 
durchaus fUr die Planung weiter Forschungen Aussagekraft 
besitzen). 

d . lnformationen Ober den Zugverlauf im Raum (auf diese 
Weise konnten nicht raumbestimmende Mepstrecken bei 
statistischen Auswertungen unterdrOckt werden) . 

e. Nicht unerwahnt soil in diesem Zusammenhang bleiben , 
dap etwa auch der Materialbedarf von vertikalen Strecken 
mit abgespeichert werden konnte, sodap etwa rasch eine 
Materialliste zusammengestellt werden kann. 

2. lnformationen, die nur sporadisch im Zuge spezieller Untersu
chungsprogramme und meist mit spezieller wissenschaftlicher 
Zielsetzung erfolgen . Da derartige wissenschaftliche Untersu-

302 



chungen in den seltensten Fallen Hand in Hand mit der Vermes
sung durchgefUhrt werden , mOssen diese lnformationen nachtrag
lich durch Rekonstruktion des Mepzuges in der Hohle in einen 
Lagebezug gebracht werden . 

Folgende lnformationen konnten etwa auf diese Weise an den 
einzelnen Vermessungspunkt oder Zug geknOpft werden (auch 
als Grundlage fUr thematische Hohlenplane): 

a. Tektonische Linieamente (z.B. Fallen und Streichen von 
Schichten). 

b. Fundstellen, soferne ausreichendes Oatenmaterial vorliegt 
(z.B .: Tierfunde, Knochenfunde, Bohnerzfundstellen 
u.s.w.). 

c. Klimadaten (z.B.: Temperatur, CO2 - Gehalt, Windrichtung 
(als Vektor) und Windstarke u.s.w.). 

d°. Analysendaten (z.B.: Wassertemperatur, Harte, chemische 
Werle u.s.w.). 

e. Ritzzeichnungen oder Felsmalereien u.s.w. 
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Abb. 2 : FORMBLA TT ZUR AUFNAHME VON PROFILEN 

Der Raster entsprtcht elner Fllche von Bx lOm. Durch Elnselzen ehes fQr den Computer 
lesbaren Faktors m unleren Onken Klslchen (z.B.: 2 ■ 16x20m) 1st die Fllche vatiabel 
geslaltbar. Durch Angabe der Proflteckpunkte 1st das ProfU d~ltallslert>ar und planffletrter■ 
bar, 

C. Vorschlag fur die festlegung des lagebezuges der 
daten 

Der Raumbezug dieser Oaten kann dadurch erfolgen, dap zur 
jeweiligen Nummer des Vermessungspunktes, durch Bindestrich 
getrennt, in Zugrichtung die Entfernung (mit Kommastelle) gesetzt 
wird , soferne es sich um eine Information handelt , die punktformig 
beschrieben werden kann (z.B.: Profillage). Gilt die Information 
fUr den gesamten Mepzug (z.B.: gleichbleibendes Profil , gleichblei
bendes Sediment) , so wird als raumlicher Bezug die Mepstrecke 
selbst (keine Kommastellen) angegeben . Soferne die Raumbe
grenzung nicht allzu weit entfernt vom Polygonzug verlauft , kon
nen seitliche Distanzen unberOcksichtigt bleiben , sonst mopte 
die Information durch einen Hilfszug eingebunden werden. Die 
Koordinaten der jeweiligen Information ergeben sich dadurch dap 
man zur Berechnung zwar die Richtung und die Neigung des 
Zuges nimmt, anstelle der Lange jedoch die Entfernungsangabe 
hinter dem Bindestrich verwendet . Der Bindestrich ist deshalb 
anzuwenden , um eine klare Unterscheidung zwischen dem 
Schragstrich bei Verwendung der von HELLER (1983) vorgeschla
genen Punktbezeichnung durch Serien und Stationen zu gewahr
leisten . 

Die hier vorgestellte Art der Verortung von lnformationen wurde 
erstmals von MAIS und STUMMER fUr Profile in der Leitnerhohle 
bei Salla (Osterreichisches 'Hohlenverzeichnis 2781 / 1) angewen
det (STUMMER 1975). 

z.B. : 
1-1 ,0 = Code/Sand (1 m von VP1 Richtung VP2) 
1-2,5 = Code/Schutt 
1-4,8 = Code/Sand 
1-2 = Code/Sand (Sand von VP1 bis VP2) 
1-4,5 = Profil (4,5m von VP1 Richtung VP2) 
1-2 = Profil (gleichbleibend von VP1 bis VP2) 

1st gleichzeitig jeder Vermessungspunkt selbst durch ein 
geeignetes System, etwa nach Serien und Stationen (HELLER 
1983) oder durch Zuordnung zu Slattern und Zeilen (STUMMER 
1980), eindeutig fUr die ganze Hohle festgelegt, so gilt dies auch 
fUr die erfapten lnformationen. Erfolgt gleichzeitig die Errechnung 
der Koordinaten in einem Obergeordneten System, etwa dem 
Bundesmeldenetz, so stehen diese lnformationen auch mil alien 
in gleicher Weise erhobenen Punkten der Oberflache in direktem 
Raumbezug . 

D. Praktische anwendungsmoglichkeiten 

Die einmal mil den Mepdaten mitgespeicherten lnformationen 
stehen in dieser Form eigentlich alien Fragestellungen often. Es 
seien hier nur stichwortartig einige derzeit bereits anstehende 
Fragestellungen und Moglichkeiten aufgezahlt: 

1. Berechnung des Hohlenvolumens an Hand ausreichend vie
ler Profile, wie dies in ahnlicher Form etwa JAKOPIN (1981) 
beschrieben hat. 

2. OberprOfung, ob Profilformen in irgendeinem Zusammen
hang mit der Neigung von Hohlengangen stehen . 

3. Typisierung von Profilformen an Hand einer genOgend gro
pen Anzahl von aufgenommen Profilen . 

4. OberprOfung der Lagezuordnung von Verstorzen, Siphonen 
oder Verlehmungszonen, Flieprichtung der Wasser. 

5. Rasche un Obersichtliche Information Ober offene Fortset
zungen (wobei auch der Grund fUr das Offenlassen der 
Fortsetzung angegeben werden kann, z.B. Mateiralman
gel) . 

6. Ausplotten des Grundrippolygons mit verschiedenen, ein
zelnen Profiltypen zugeordneten Signaturen . 

7. Korrelation ausgewahlter lnformationen mil der Oberfla
che. 

8. Exaktere Richtungs- und Neigungsstatistiken, wie sie HEN
NE (1983) beschrieben hat, durch UnterdrOckung von nicht 
raumrelevanten VermessungszOgen. 

9. Verbesserung raumlich perspektivische Darstellungen an 
Hand groperer lnformationsbestande (Profile) . 

E. Schlussbetrachtungen 

Die hier niedergelegten Gedanken bedeuten sicherlich einen 
entsprechenden Mehraufwand bei der topographischen Erfassung 
der Hohlen . Versuche in dieser Richtung mOssen daher neben 
der Verfeinerung der Methoden auch das Aufwand-Nutzen-Ver
haltnis Verhaltris und die praktische Anwendbarkeit klaren . Die 
Realisierung solcher Oberlegungen hangt sicherlich nicht nur vom 
guten Willen der Hohlenforscher, sondern auch vom Zugang zu 
entsprechenden EDV-Anlagen ab. Da dieser Zugang sowohl zur 
Hardware als auch zur Software in den kommenden Jahren immer 
leichter wird , konnen auf dem Gebiet der angewandten Nutzung 
der Computertechnologie nie frOh genug entsprechende Oberle
gungen angestellt und vor allem ausreichend Erfahrungen gesam
melt werden. DarOberhinaus sind derartige Gedanken immer in 
groperem Zusammenhang zu sehen . So ist etwa bereits durch 
die Bindung zukOnftiger «Hohlenatlanten» an das Osterreichische 
Bundesmeldenetz Ober derartige Hohlen ein Suchgitter gelegt 
worden, das bei entsprechender Verdichtung moglicherweise 
auch mil der erforderlichen Genauigkeit als Lagebindung herange
zogen werden konnte. 

All diese Oberlegungen zur starken Nutzung der Vorteile des 
EDV-Einsatzes mOssen jedoch immer vor dem Hintergrund gretrof
fen werden, dap dieses Hilfsmittel nicht als ausschliePlicher Ersatz 
fur bewahrte Dokumentationsmittel sondern nur als zusatzliche 
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Verbesserung des Zuganges zu den lnformationen eingesetz wer
den. DarUberhinaus mUssen alle Gedanken von Peter HENNE, 
wie er sie beim Seminar tor Spelaotographie und EDV-unterstUtzte 
Hohlendokumentation (Wien 1985) dargelegt hat, etwa die Proble
me der Datensicherung oder seine Forderung, als Endstadium 
der Datenspeicherung letzlich wiederum nur Papier zu verwenden, 
mitberUcksichtigt werden. Es ist zu hoffen, dal3 dieser Beitrag zu 
einer entsprechend regen Diskussion und zu Versuchen in dieser 
Richtung anregt. 
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Making Three Dimensional Cave Models 

Peter and Ann Basted 

RESUM 

Molt sovint es fa diffcil de descriure la compleixat de /es cavitats, com es el cas de /es que es troben a California, utilitza /es 
tecniques cartografiques c/assiques. Es per aix6 que he enllestit un metode per a construir models tridimensionals de coves, utilitzant 
fi/ferro, argila i altres materials. Aquf exposo els metodes de construcci6 i a/guns models de posibles representacions. 

RESUMEN 

A menudo es diffci/ describir la complejidad de las cavidades coma las que se encuentran en California, utilizando las tecnicas 
cartograficas c/a.sicas. Por el/o he puesto a punto un metodo para construir mode/as tridimensionales utilizando a/ambres, arcillas y 
otros materiales. Se trata aquf de los metodos de construcci6n y se expondra.n mode/as de representaciones. 

SUMMARY 

It is often difficut to portray the complexities of maze/ike caves such as those found in California using standard cartographic 
techniques. I have therefore worked out a method for making three dimensional models using wires, clays, and other materials. 
Methods of construction will be discussed, and pictures of models both completed and in progress will be shown. 

What is the best method of portraying a complicated cave 
maze that is easy to visualize, acurate and inexpensive? 
Cartographers are continually struggling with this problem using 
colors and overlays in addition to the more standard floorplans, 
profiles and cross-sections. Skilled artists make three dimensional 
drawings while computer users generate programs to portray 
caves on graphics display terminals. 

When faced with the problem of creating a visual portrayal 
of a rather unusual cave, we explored various alternatives to the 
pen and paper solution . We experimented briefly with cut-away 
block type maps (such as the well -known map of Carlsbad) and 
wished we had the air-brush skills that were used in the rendering 
of Mammoth Cave. Even if we could draw that well , considerable 
visualization skills are needed for the observer to correctly 
interpret such renderings. 

It became obvious that if were to create a 3-D rendering of 
the cave, we would have to work in three dimensions. We decided 
that the easiest would be to make a clay model. For our first 
attempt we chose a small 100m long cave, Music Hall , which 
follows two steeply dipping fissures - one to the South East and 
ther other to the West. We used wire to set the shape of the 
cave (following the survey lines quite closely) and then covered 
the shape with wet modelling clay. Unfortunately, when it dried 
big cracks developped and we had to use more liquid lay to fill 
in the ugly lines. After making the model , we realised that by 
using a clay which hardened after drying , we were also limiting 

the option to extend the model should more passage be 
discovered in the cave. 

We then decided to experiment with plastacene and were so 
encouraged by the ease of modelling in this medium that we 
were able to build a model of a complicated 1500m long cave 
(Soldiers) by learning as we went along . Aside from discovering 
unsuspected modelling skills, we learned a lot about the cave 
and were able to make modifications easily when visits to the 
cave showed complexities in the maze of passages to different 
than we had remembered . 

The basic approach was to represent the cave passages using 
plastacene molded over pieces of wire . While this does not permit 
details of what is inside a given passage to be shown, it effectively 
shows the relationships of the rooms and passages to each other. 

If you have any desire to create a 3-D map, the first step 
would be to obtain a survey and ,11ap of the cave you wish to 
model. Make a plan view of the cave on the same scale you will 
be using to make the model. You could xerox or stat the map 
larger or smaller to save re-drawing . Most surveys show the depth 
of passages below (or above) the main entrance. You should find 
the lowest point of the cave and then convert these «elevation» 
levels into feet (or meters) ABOVE the lowest point of the cave. 
Write these elevation levels nex to the passages at selected 
intervals. The intervals can be greater if the passage is very flat. 
For pits it is helpful to have profiles on hand. 

Once the coordinates of every point are known, the next step 
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is to make a wire outline of the cave. Starting with the main 
passages, bend stiff wire so that it follows the center of the 
passage (as shown on the plan view) and changes in elevation 
according to the elevation levels . When the wire reaches a.natural 
stopping place (at a pit or low point in the cave) bend it down 
vertically towards the base board ant cut it about a quarter inch 
longer. Later this non-cave part of the wire will act as a «leg» to 
support your model. It is important to plan these «legs» ahead of 
time so that your model will be evenly supported. We built 8 
such legs into the Soldier's model. 

The wires that do not end up as legs can be «tied off» to 
other main passages at convenient junctions using tape, solder 
or glue (we used plastic electrical tape and epoxy). You can 
minimize the amount of gluing or welding by clever planning and 
doing some doubling back at strategic spots where the passage 
is reasonably large. Thinner, more flexible wire can be used for 
smaller passages, but be caferul not to have too long a span of 
thin wire or it will sag. 

Having made the grid , it is now time to put on the plastacene. 
Different colors can be used to good effect. Simply roll out 
cylinders of plastacene equal to the scaled-down size of the cave 
passage and squeeze them over the wires. Use the cross sections 
from the survey to get the passage shapes modeled as accurately 
as possible. In big rooms, inserting toothpicks or bits of wire can 
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help keep features such as narrow ceiling channels from 
sagging. 

Mounting the model on a base is essential, but easy. Simply 
figure out where the «legs» should be and drill small holes for 
them. Once in, the legs tend to stay there and they will help 
preserve the sape of the cave. You may find that some legs can · 
be cut off without causing the model to collapse. We used black 
paper to cover the base and enhance the contrast with the 
off-white plastacene. 

Next, the rooms and major passages should be labeled . We 
used titles mounted on the end of toothpicks as signposts. These 
are easly pushed into the plastacene. If you want to view or 
photograph the model from a different angle, these labels can 
be easly rotated. A legend with the cave name, north arrow, and 
scale can be glued onto the base plate. We made a plexiglass 
case to protect our model from dust and accidental bumps. 

We found that making a model of our cave did not take much 
longer than it would to carefully produce plan and profile views 
of the cave. Although the model cannot be copied as a map can, 
in many applications it can be viewed by a large number of 
people, such as if it is a commercial cave. It can also be a use 
to scientists wishing to better see, for example, the relationships 
of passages to joints, or the sequences of passage formation. 

El arte y la Tecnica de la Fotografia Espeleol6gica 

Mario Roberto Guitti Peixoto 

RESUM 

Tot i que el medi ambient subterrani constitueix per sf sol un focus d 'indubtab/e interes, la seva pura i simple documentaci6 
resulta freda si la comparem amb Jes possibilitats que ens depara la fotografia . Una tecnica depurada, una bona composici6 i una 
correcta utilizaci6 dels diferents tipus de I/um han d 'unir-se a la creativitat per a /'obtenci6 d'uns resultats esteticament refinats i 
valuosos des de/ punt de vista artistic. L 'agressivitat de/ medi comporta un apropament a un estil de fotoperiodisme geografic en 
el qua/ la utilizaci6 de/ color preten mostrar /es formes i els colors que romanien ocults dins la foscor. 

Aquest treba/1 preten explicar molts de/s aspectes de la fotografia subterrania, com ho s6n /'elecci6 i la utilitzaci6 de /'equip 
/'us de fonts de I/um artificials (flashos electrics, 1/ums de carbur, etc.), sistemes per a procedir a fer la fotograffa (flashos multiples, 
ce/-lula fotoe/ectrica), el macro, el factor ((aigua» i, sobretot, la fotografia en condicions extremes: la /ogfstica i la selecci6 de sistemes 
lleugers per a exploracions molt diffci/s, verticals i de tipus ((a/pf11. 

RESUMEN 

A pesar de que el media ambiente subterra.neo constituye par sf mismo un elemento de interes, su pura y simple documentaci6n 
es una forma pasiva de la utilizaci6n de la fotograffa . El cuidado de las tecnicas, la composici6n y las diferentes tipos de li.Jces 
deben unirse a la creatividad para producir un resultado esteticamente refinado y va/ioso desde el punto de vista artfstico. La 
agresividad de/ media ambiente conduce a un acercamiento al estilo de/ fotoperiodismo geogra.fico en el que el uso adecuado de/ 
color pretende mostrar las formas y co/ores de /os e/ementos que siempre habfan permanecido ocultos en la oscuridad. 

Este trabajo pretende explicar muchos aspectos de la fotograffa subterra.nea, tales coma la e/ecci6n y el uso de/ equipo, fuentes 
de /uz artificiales (flashes e/ectricos, /a.mparas de carburo, etc.) y sistemas de disparo (flashes multiples y celula fotoelectrica), el 
macro, el factor ((agua11 y, principalmente, la fotograffa en condiciones extremas : la logfstica y la selecci6n de sistemas ligeros para 
exploraciones muy diffciles, verticales y de tipo ((a/pino11. 

SUMMARY 

In spite of the underground environment constituye by itself an element of interest, its pure and simple documentation is a 
passive form of the utilization of photography. The consideration for the techniques and the use of the composition and the light 
sources must join to the creativity to produce a work esthetically refined and astistical/y remarkable. The wild environment leads 
the geographical photojournalism approach in which the use of the color craft exhibit the hue and shape of the elements hide forever 
in the dark. 

This work seems to explain many aspects of the cave photography such as the choice and the use of the equipment, articifial 
lighting sources (elec tronic flashs, carbide lamp, etc) and lighting sistens (multi-flash and slave-cell photography), the close-up factor 
((waten1 and, mainly, the photography under extremes conditions : the logistics and the selection of a light-weight sistems very difficult 
incursions as well as the vertical and ((a/pine11 exp/orations. 
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No obstante el mundo subterfaneo constituir por sf solo un 
elemento de interes, su documentacion pura y simple es una 
forma pasiva de utilizacion de la fotograffa . La consideracion por 
las tecnicas y el aprovechamiento de la composicion y de las 
fuentes de luz debe unirse a la creatividad para engendrar un 
trabajo de estetica refinada y artfsticamente marcante. El ambien
te hostil , sea interno cuanto externo, es el punto central de un 
trabajo de fotojornalismo geografico donde el uso del color apunta 
las formas y matices de elementos ocultos para siempre en la os
curidad . 

En se pensando en fotograffa adentro de las cuevas es necesa
rio que la persona interesada posea conocimientos suficientes 
de las tecnicas basicas del esporte. Entonces el primer paso es 
la eleccion del equipo fotografico tomando en cuenta dos aspec
tos: La presencia del agua y el terreno accidentado en que nos 
deslocamos. Las camaras deben ser escogidas en funcion de la 
resistencia de sus cuerpos, tipo del visor y operacion (automatica 
o manual). Los visores tipo Reflex son los preferidos y las camaras 
de operacion manual (no electronicas) son ideales por la facilidad 
de uso siendo menos sujeta a danos de orden interno en el caso 
de colision y variacion de temperatura y humedad. La lectura del 
exposfmetro se torna innecesaria, pues el control de la exposicion 
es hecha en funcion del flash electronico, preestableciendo una 
velocidad de sincronismo. Las lentes con frecuencia mas utili
zadas son las gran-angulares y macro. Lentes como la 20, 24, 
28 y 35 mm son utiles en la mejor parte de las situaciones y 
ambientes. Distancias focales menores, como por ejemplo 16 y 
8 mm, son usadas en situaciones especiales donde la exageracion 
del efecto realza el tamano del salon o galerfa. La potencia del 
flash y las dimensiones de las salas determinan la eleccion de 
la luminosidad de la lente, siendo las mas luminosas (1 .4 - 1.8) 
preferidas desde que su construccion en funcion de la abertura 
maxima no afecte la definicion. 

La necesidad de una mayor profundidad de campo y el trabajo 
con distancias relativamente pequenas no exigen la eleccion de 
una lente macro muy luminosa. Las Micro-Nikkor 55 mm f/3 .5 y 
f/ 2.8 poseen altfsima definicion y fueron usadas en todo los traba
jos que yo hice en closeup. 

Los teleobjetivos tienen su uso muy restricto dada la poca 
luminosidad, la pequena profundidad de campo y la distancia 
asunto-camara que impide una mayor aproximacion del flash para 
una iluminacion adecuada - a no ser con cables extensores y 
un auxiliar usando la fuente . 

Todo el equipo de registro (camaras, lentes , pelfculas) mas 
el equipo adicional como flashes electronicos, trfpode, cables 
extensores y disparadores, celulas fotoelectricas , superficie reflec
tora y material de limpieza deben ser alojados en recipients estan
cados y rfgidos - el «Tupperware» se presta muy bien a esto -
y acomodados en mochila adecuada y de uso sencillo (modelo 
dividido en dos compartimientos por ziper) , forrado por un saco 
de plastico grueso. La proteccion contra colision y la impermeabili
dad son los dos factores principales en la eleccion y transporte 
del equipo fotografico . 

La complementacion mas correcta y practica al equipo tradi
cional la de fotograffa submarina. La impermeabilidad , la resisten
cia de su construccion y el tamano reducido (un poco mayor que 
las tradicionales «view finder») hacen del sistema Nikonos la unica 
opcion para trabajos extremos. Cajas estancadas tipo lkelite son 
desaconsejadas debido al volumen y peso adicionales, reducidos 
en actividades submarinas 

Lafuente de luz uti lizada en la espeleofoto es el flash electroni
co. La compacidad y rapida recarga hace de el la primera opcion 
en terminos de fuente luminosa. La cualidad de color de la luz 
de un flash electronico es aproximada a los padrones de ilumina
cion a luz del dfa. Flashes combinan con toda pelfcula balanceada 
para esta luz (daylight film). Con el pasar de los anos la cualidad 
de color de la unidad del flash se cambia y el resultado general 
tiende a azular - o que tambien puede suceder con unidades 
de distintos fabricantes cuando usados en una misma foto. La 
solucion seria el uso de un filtro «caliente» como el Kodak Wratten 
81A o Kodak Color Compesating CCL0Y, sobre el falsh o sobre 
la lente. La niebla puede ocasionar el tono azul de la foto, siendo 
que el filtro ultra-violeta tendra corta lo bien como proteger la 

lente de colision y aranazo. Normalmente no es necesaria la 
correcion de la exposicion para estos filtros . 

La eleccion del flash electronico debe recaer sobre aquellos 
que poseen operacion automatica y manual. La unidad automatica 
posee un sensor que mide la luz reflejada del asunto y determina 
la intensidad necesaria para exponer correctamente la pelfcula 
con una abertura de diafragma prefijada. Hay tambien un lfmite 
maximo y mfnimo en los cuales la distancia asunto-flash debe si 
quedar para que no haga superexposicion si ultrapassados. Esos 
lfmites son fijados por la relacion abertura-sensibilidad. Aplicacio
nes practicas de automatismo del flash son frecuentes en macro
fotograffa, como por ejemplo, delicados espeleotemas y pequenos 
animales. 

En el modo manual cada vez que el flash es disparado emite 
su maxima capacidad de luz, de duracion fija, normalmente 
1/1.000. Una vez que la luz es constante, es necesario una 
correccion del diafragma para toda variacion de distancia. Las 
unidades de alta potencia son asf usadas en ambientes largos, 
como salones y galerfas, donde la poca reflexion de las paredes 
vuelve impreciso el modo automatico y el trabajo con iluminacion 
indirecta. 

Al escoger un flash debemos observar tambien el tipo de 
alimentacion. Fuentes de 6 Voltios de algunos modelos Frata y 
Metz tienen sus inconvenientes, dados los cuidados del nivel de 
la solucion y a la frecuente recarga en corriente alterna, ademas 
sera necesario llevarlos en el cuerpo atraves de alza. Muchos de 
los flashes de alta potencia trabajan con fuentes alcalinas de 1 ,5 
V, iguales a los de las pequenas unidades, ofreciendo energfa 
suficiente y reducido volumen . 

En las galerfas de rfos subterraneos, como de la Cueva de 
Ouro Grosso y de la Cueva Santana, en el Vale do Bethary/ 
lporanga (SP), donde la turbulencia de las aguas y la ausencia 
de un local seguro para la preparacion del equipo, restringen el 
material comun , los flashes submarinos son extremadamente 
eficaces. Con todo los controles y encajes vedados por «O-ring», 
son tambien ejemplos de la ligereza, compacidad, potencia, resis
tencia y facilidad de uso. Las camaras Nikonos II y Ill (modelos 
como la IV-A y la V son electronicas) y los flashes Sunpak Marine 
28 y 32, el Toshiba TM-II o el Nikon SB 102 (con sensor automatico) 
pueden componer un conjunto ideal para las situaciones extremas 
en exploraciones de cuevas . 

Para esta aplicacion las lentes para las camaras Nikonos son 
limitadas a W-Nikkor 35 mm f/2.5 y Nikkor 80 mm f/4, pues las 
UW-Nikkor 15 mm f/2 .8, 20 mm f/2 .8 y 28 mm. f/35 fueran desarro
lladas exclusivamente para la utilizacion abajo del agua; fuera de 
ella 35 mm funciona como una gran-angular, su campo cubre 
perfectamente las galerfas del rfo encontradas. 

En cuevas, las largas dimensiones y la baja reflexion de los 
ambientes requieren una compensacion (un punto o mas, abierta) , 
haciendo con que el numero gufa dado por el fabricante no sea 
fiable . 0 que hacer en circunstancias tan particulares? 

Podemos ir hasta una cueva de facil acceso y que tenga 
reunidas galerfas de rfo y salones con paredes claras y oscuras. 
Con la camara apoyada en un trfpode a un distancia determinada, 
por ejemplo 5 metros, en un salon de pared clara vamos hacer 
una serie de exposiciones con una determinada pelfcula. Ektachro
me 64/EPR, en aumentos sucesivos de 1/2 punto desde f/2 .8 
hasta f/16 (o f/22 si Ud. usa un flash potente con una pelfcula 
sensible). Despues del revelado escogeremos la mejor exposicion, 
f/4, y vamos a multiplicar por 5, obteniendo asf el numero guia 
20 para esta pel fcula y mediciones en metros , Ese procedimiento 
debe ser hecho para toda las pel fcu las que se pretenda usar 
(200, 400, etc) bien como para salones de paredes obscuras y 
galerfas de rfo, con flash en media carga y carga total. Hay una 
manera de calcularse el numero gufa de una pelfcula de otra 
sensibilidad desde un numero guia ya obtenido: 
NG2 = NG1 x ✓sens2/sens1, a donde NG1 es el numero gufa 
determinado, NG2 el numero guia a determinar, sens1 la sensibili
dad en ASA de la pelfcula de NG1 y sens2 la sensibilidad en 
ASA de la pelicula de NG1 y sens2 la sensibilidad en ASA de la 
pelfcula NG2. Entonces, si usamos ahora una pelfcula de 400 
ASA tenemos: NG2 = 20 x 400/64 = 20 x 6,25 = 20 x 2,5; 
NG2 = 50. 
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1- El uso de la luz indirecta; 
2- El USO de/ ring flash; 

---------

0 T 
3- El uso de un par de flashes de baja potencia uno de ellos cubierto con un pafluelo. 

Fotografiando salones debemos observar los reflejos y som
bras, que pueden ser aprovechados por el posicionamiento del 
flash para realzar formas y detalles. La iluminaci6n se vuel~e m~s 
homogenea si usamos mas de un flash , obternendo as1 meJor 
profundidad en la composici6n. Para esto recurrimos a la fotocelu
la que puede disparar uno o mas flashes sin el auxilio de cables 
extensores, cuando la unidad principal es accionada. 

Con arreglos mas elaborados de iluminaci6n, la exposici6n 
correcta es muchas veces dificil de determinar sin un gran consu
mo de tiempo y pruebas. Los exposimetros de flash (flash meter) 
tienen su aplicaci6n en este tipo de foto. Con el asunto encuadra
do y los flashes instalados (en el modo manual) , disparamos el 
flash principal con el flash meter junto a la camara. En muchos 
aparejos la abertura correcta es obtenida por lectura digital direc
ta. Disparando dos o mas veces se puede obtener mas luz para 
salones anchos y de mucha profundidad, bien como una mayor 
profundidad de campo; el flash meter tiene la capacidad de medir 
los disparos acumulados. 

En la ausencia de flashes podemos recurrir a la «pintura)) para 
producir una foto de un gran sal6n. Con la camara posicionada 
en un tripode y el obturador en «B», es posible hacer varios 
disparos en distancias fijas en el area a ser fotografiada. El 
fot6grafo debe cuidar para que la lente sea cubierta con una 
tapa negra con cautela, pues el trayecto del auxil iar con el flash 
(la llama del casco) puede ser expuesto en la foto. Hay la posibili
dad de un unico disparo en un sector del sal6n dando destaque 
a una area de unafoto predominantemente negra. Es muy impor
tante al abrir y cerrar el obturador usar un cable disparador largo 
para que la camara no tiemble no el fot6grafo se aproxime mucho 
a ella con su iluminaci6n de acetileno, perjudicando la exposi
cion. 

Con frecuencia los problemas tecnicos encontrados en la foto
grafia close-up recomiendan el flash electr6nico como fuente de 
iluminaci6n auxiliar. En espeleologia este tipo de foto no existiria 
sin el. 

La lente macro nos dara una posibilidad de aplicaciones hasta 
las proporciones de 1 :1. Para mayores proporciones es recomen
dable el fuelle. Unidades pequerias y de baja potencia son ideales 
para el close-up y en la mayoria de los casos son usadas en los 
pares. La disposici6n del par favorece el control de los efectos 
de iluminaci6n , principalmente cuando queremos disminuir el efec
to de sombras duras con el flash secundario. Uno de los flashes 
puede predominar en cuanto el otro esta cubierto por un pariuelo 
o filtro difusor. 

Cuando trabajamos mas pr6ximos de un tema esto quiere 
decir que vamos a tener que reducir la duraci6n del disparo. Una 

buena alternativa es trabajar con luz indirecta, reflejada en una 
superficie blanca. Para espeleotemas que poseen aspecto retorci
do o espiralado y las flores de aragonita, las dos con coloraci6n 
blanca, o que refleje mucha luz, es recomendado el flash electr6ni
co angular que ofrece una total iluminaci6n frontal , evitando som
bras confusas. Este flash forma sombras centrales suaves pues 
la luz es disparada oblicuamente desde el area alrededor de la len
te. 

Para exponer correctamente la pelicula utilizaremos el modo 
automatico en cualquiera de las tres disposiciones relacionadas. 
Si el flash posse un sensor m6bil es ideal colgarlo en la lente -
hay accesorios especiales que se adaptan en la rosca del filtro. 
Siendo la profundidad de campo el mayor problema, debemos 
optar por la menor abertura de uno de los dos modos automaticos 
de la unidad y quedar atento para no ultrapasar la distancia 
minima asunto-flash. 

Escoger la pelicula adecuada necesita que sepamos la natura
leza del trabajo a ser desarrollado y q~e haga un buen senso 
tecnico para la selecci6n de las marcas y sensibilidades. Aqui 
estan algunas sugerencias: 

El Ektachrome 64 es una buena pelicula para uso general en 
espeleologia, poseyendo contraste normal y baja granulaci6n , 
pero tiene una leve tendencia al azul. El Ektachrome 100 tiene 
una respuesta mas neutra con baja granulaci6n. Los Ektachromes 
200 y 400 son los mas indicados para salones grandes y galerias, 
tomandose en cuenta la alta granulaci6n. El Kodachrome 25 es 
una pelicula de bajisisma granulaci6n, ideal para el close-up. La 
poca latitud y un mayor contraste vuelven su exposici6n mas 
critica y algunos detalles de sombra muy oscuros. el Kodachrome 
64 es tambien una excelente pelicula de grano fino y muy buena 
cuando un fuerte contraste es necesario. El Vericolor Ill tipo S 
es una pelicula de sensibilidad mediana (160 ASA) y de gran 
latitud y poder de resoluci6n para una pelicula negativa. Podemos 
usarla para ampliaciones de alta cal idad. 

Conclusion. 

Gran parte de mi trabajo fue desarrollado en el Vale do Alto 
Ribeira, en el sur del Estado de Sao Paulo, Brasil, en el decurso 
de los ultimos cuatro arios. El potencial y la cantidad de cuevas 
y simas de la zona ofrecen el desarrollo de exploraciones espeleo-
16gicas y de la fotografia subterranea. Este artfculo cubre la parte 
basica de ese trabajo. Las aplicaciones especiales y la organiza
ci6n y logistica de la fotografia en expediciones son algunos de 
los puntos que parten desde ahi. Lo que es muy importante es 
mucha practica, pues solamente ella dara condiciones para el 
dominio de las tecnicas que permite registrar las maravillas de 
ese universo interior. 
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Koordinatengebundene Teilblatter zur Grossmasstabigen Darstellung von 
Honhlensystemen-ldee und derzeitige Realisierung, 

RESUM 

Gunter Stummer 
Wien 

El treba/1 descriu el sistema de mapes separats dels grans sistemes subterranis, en fulls amb /es mateixes seccions de mapa. 
Les noves seccions es fixen ara en coordenades rectangulars Gauss-kruger. 

Amb aquest sistema es possible rea/itzar un treba/1 de conexi6 («At/es Subterrani11) de Jes grans arees muntanyoses. 
Amb aquesta finalitat l'«lnstitut tar Hohlenforschung11 de Viena va dur a terme un estudi geodesic i els primers sistemes de 

ca vi tats austrfacs ja s 'han dibuixant amb aquest nou metode. Aquest treba/1 ens posa al corrent de la situaci6 actual d 'aquests estudis. 

RESUMEN 

El trabajo describe el sistema de mapas separados de grandes sistemas subterraneos, en hojas con /as mismas secciones de 
mapa. Las nuevas secciones se fijan ahora en coordenadas rectangulares Gauss-Kruger. Por este sistema es posib/e realizar un 
trabajo de conexi6n «Atlas Subterraneo11 de las grandes areas montanosas. 

Para esta finalidad el «lnstitut tar Hohlenforschung11 de Viena efectu6 mucho trabajo geodesico y /os primeros sistemas de 
cavidades austrfacos ya se han dibujado por el nuevo metodo. El trabajo retie/a la situaci6n actual. 

SUMMARY 

The paper describes the system of dividing maps of giant cave systems into sheets with the same map-sections. The mew 
sections are now fixed to the rectangular Gau/3-Kruger-coordinates. By this way, a network of «Subterranean Atlas11 over great 
mountain-areas ist possible. 

For this purpose a lot of geodetic work was done by the «lnstitu tar Hohlenforschung11 in Vienna an the first austrian cave-systems 
are now drawn in the new system. The paper gives a view of the present position. 

Die Probleme der Plandarstellung gro~er Hohlensysteme, die 
Einordnung derartiger Systeme in die Oberflachentopographie so
wie der wachsende EDV-Einsatz in der Spelaotopographie und 
Hohlendokumentation machten die EinfUhrung eines exakten und 
auch Ubergeordnet anwendbaren «Lagebezugssystemes» erfor
derlich . 

FrUheren Uberlegungen folgend, realisierte der Autor die Ge
danken, auch die «Unterirdische Welt» in Form von gro~ma~stabi
gen «Kartenwerken» kartographisch darzustellen, im «Atlas der 
Dachsteinmammuthohle 1: 1000» und legte in dieser Veroffentli
chung auch den historischen Werdegang dieser Uberlegungen 
dar (STUMMER 1980). 

Grundgedanke derartiger «Atlaswerke» ist es, riesige Hohlen, 
deren Darstellung in einem aussagekraftigen Ma~stab Ubliche 
Planformate sprengen wUrde, in gleichogro~e, einheitliche Karten
blatter (Teilblatter) zu zerlegen und diese Blatter durch ein stren
ges Bezeichnungssystem zueinander in Bezug zu setzen. Dabei 
wurde als gro~tes, noch handliches Format das Format Din A3 
angesehen, woraus sich ein rechteckiger Blattschnitt ergab, der 
eine Flache von 125 x 175 Meter im Ma~stab 1 :500 abdeckte 

(Abb. 1 ). Dieses neue System wurde im Gegensatz zur bisherigen 
Methode, einfach immer Planstucke anzuschlie~en (Teilplansy
stem), als «Teilblattsystem» definiert. 

Neben vielen Vorteilen, etwa da~ ein derartiges Kartenwerk 
durch Erganzen oder Neuanlegen von Teilblattern rasch auf den 
letzten Stand gebracht werden kann, wurden in der Literatur 
(STUMMER 1980) auch viele Nachteile aufgezahlt, die jedoch zum 
gro~ten Teil durch entsprechende Manipulationen wiederum aus
geglichen werden konnen. Der gro~te _Nachteil dieses Systems 
jedoch war der, da~ sich der Blattschnitt an lokalen Koordinaten 
orientierte, wobei meist als Koordinatenursprung der Hohlenein
gang herangezogen wurde. Damit stand zwar ein in sich geschlos
senenes Kartenwerk zur VerfUgung, dieses hatte jedoch keinerlei 
Lagebezug zu Ubergeordneten Koordinaten-systemen und konnte 
nicht einfach in andere kartographische Unterlagen Ubernommen 
werden. In Ermangelung geeigneter, zuganglicher Systeme, wur
de jedoch das «Modell Mammuthohle» sehr rasch auch auf andere 
Hohlensysteme Ubernommen. Zahlreiche andere Hohlen, etwa die 
Raucherkarhohle (Osterreichisches Hohlenverzeichnis Nr. 1626/ 
55) oder die HUttstatthohle (Osterreichisches Hohlenverzeichnis 
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Nr. 1624/28) wurden nach diesem System in der Falge bearbeitet. 
Eine kurze Zusammenfassung der im rechtechkigen Teilblatt
System bearbeitenen Hohlen gibt STUMM ER (1981 ). 

Das Projekt des Bundesamtes fur Eich- und Vermessungswe
sen, die bsterreichische Karte 1:50000 mit einem aufgedruckten, 
modifizzierten Gaul3-KrOger-Koordinatennetz (Bundesmeldenetz
BMN) zu versehen, eroffnete neue Aspekte bei der Erstellung 
spelaoloQ!scher Plane und der Lageangabe von Punkten un Fla
chen in Osterreich. Bereits am Beginn dieses Projektes hat der 
Autor im Rahmen seiner Tatigkeit im lnstitut fur Hohlenforschung 
am Naturhistorischen Museum Wien begonnen, die neuen Mog
lichkeiten fur die Hohlenkunde zu testen und anzuwenden und 
hat die gewonnen neuen Oberlegungen jeweils in Veroffentlichun
gen vorgestlellt (STUMMER 1982, 1983, 1984), die hier nun zusam
mengefal3t werden. 

Fur die lagemal3ige Zuordnung von Flachen (z.B. Teilblatter) 
oder Punkten (z.B. Hohleneingan~e) in digitalisierter und daher 
EDV-gerechter Form kommen in bsterreich derzeit drei Systeme 
in Frage. Das Gaul3-KrOger-Koordinatensystem, wie es in der Geo
dasie in Anwendung stehen . Die Y-Achse (West-Ostachse) wird 
dabie vom Aquator dargestellt, als X-Achse (Nord-SOdachse) wer
den in bsterreich die Meridiane 28, 31 und 34 ostlich von Ferro 
herangezogen. Die Y-Werte (Rechstswerte) dieser Hauptmeridia
ne besitzen daher in diesem System immer den Wert «O», wobei 
die Werte westlich des jeweiligen Meridians immer negativ, ostlich 
jedoch positiv sind . Die Militarkoordinaten, wie sie auf der bsterrei
chischen Militarkarte (OMK) durch violetten Aufdruck angegeben 
sind, stellen ein modifiziertes Gaul3-KrOger-System dar, auf das 
allerdings hier nicht eingegangen wird , da diese Karte nur fur 
den Dienstgebrauch freigegeben ist. Fur die praktische Spelaolo
gie ist jedoch die nun neu herausgegebene bsterreichische Karte 
1 :50 000 mit schwarz aufgedrucktem Bundesmeldenetz (BMN) 
von grol3ter Bedeutung, von der bisher 56 Blatter (Stand Janner 
1986) erschienen sind. Auch die bsterreichische Karte 1 :25 OOOV 
ist mit dem Bundesmeldenetz ausgestattet, sodal3 fur die Erstel-
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lung von 11Holenverlaufskarten» und fUr Kartierungsaufgaben auch 
ein grol3erer Mal3stab zur VerfUgung steht. 

Beim Bundesmeldenetz handelt es sich um ein modifiziertes 
Gaul3-KrUger-System, bei dem dem Meridian 28 der Wert 150 000, 
dem Meridian 31 der Wert 450 000 und dem Meridian 34 der Wert 
750 000 zugeordnet wurde. Dadurch sind alle Y-Werte (Rechtswer
te) nur mehr durch positive Zahlen ausgewiesen. Die X-Werte 
(Hochwerte) sind bei alien drei beschriebenen Systemen ident, 
wobei lediglich beim Bundesmeldenetz die erste Zahl 5 weggelas
sen wurde, da sie fUr ganz Osterreich gilt. 

Fur die Hohlendokumentation in Osterreich und fUr alle daraus 
resultierenden Aufgabestellungen wurde nun auf das zivile Bun
desmeldenetz zurUckgegriffen . 

Aufbauend auf diesen Voraussetzungen wurde vom Autor ein 
stufenweise geschachteltes System entwickelt (Abb. 2) . 

Vom 10 x 10 km abdeckenden, im Bundesmeldenetz ge
schnittenen Triangulierungsblatt und der bereits vorgegebenen 
Teilung und Benennung in jeweils 4 Luftbildkarten (5 x 5 km) 
bezw. in 16 Katastralmappenblatter (2,5 x 2,5 km) ausgehend , 
wurden nun die letzteren Ausschnitte zur Herstellung von 
2,5 x 2,5 km grol3en «Karst- und hohlenkundlichen Arbeitskarten» 
im Mal3stab 1:10000 herangezogen. Diese quadratischen Karten 
sind an ihren Eckpunkten durch geodatische Koordinaten gekenn
zeichnet, wobei am Kartenrand jeweils die Gliederung des Trian
gulierungsblattes, der Meridianstreifen und die daraus resul tieren
de Umrechnungszahl fUr den Rechtswert im Bundesmeldenetz 
angegeben sind. Dami! sind diesen Karten sowohl die geodati
schen als auch die Bundesmeldenetz-Koordinaten entnehmbar. 

Diese Arbeitskarten konnen zur Erstellung von «Hohlenver
laufskarten», bei denen vor allem grol3e Hohlensysteme, entspre
chend dem Mal3stab meist als schwarze Konturen, in ihrer Gesam
tausdehnung, ihrer Lage zur Oberflachentopographie und in ihrem 
Lagebezug zu benachbarten Hohlen dargestellt werden, Verwen
dung finden. 

Diese Arbeitskarten stellen aber gleichzeitig auch den neuen 
Blattschnittrahmen fUr die Darstellung der Hohlensysteme im Teil-

~ 

blattsystem dar. Zu diesem Zweck wird eine Arbeitskarte von 
2,5 x 2,5 km in weitere 400 quadratische Teilblatter zerlegt. Ein 
derartiges, ins Gaul3-KrUger-Koordinatensystem eingebettetes 
Hohlenteilblatt umfal3t nun eine Flache von 125 x 125 m, erhalt 
seine Bezeichnung durch die Kennziffern der Arbeitskarte (die 
sich aus der Nummer des Triangulierungsblattes, der Luftbildkarte 
und des Katastralmappenblattes zusammensetzt) und einer fort
laufenden Zahl von 1-400 und eignet sich bestens zur Darstellung 
des Hohlenausschnittes im Mapstab 1 :500. Am Blattrand wird 
auch graphisch auf die Lage des Teilblattes innerhalb des 
2,5 x 2,5 km grol3en Blattschnittrahmens hingewiesen (Abb.3). 

Dieses System erfUllt nun alle an ein Kartenwerk gestellte 
Anforderungen. Es ist in ein Ubergeordnetes Koordinatennetz inte
griert, bei Kenntnis des Systems sind die Bezeichnungen der 
Nachbarblatter ableitbar und es ist eine nahtlose Ausweitung der 
Teilblatter Uber ganze Gebirgsstocke moglich . 

Die Darstellung in diesem System erfordert allerdings eine 
exakte, oberirdische Einmessung der Hohleneingange. Dieser Ent
wicklung hat das lnstitut fUr Hohlenforschung Rechnung getragen 
und fUhrt daher mil einer modernen geodatischen AusrUstung 
diese Arbeiten gemeinsam mil den dort forschenden Gruppen 
durch . 

Die bisher bei der praktischen Anwendung gewonnen Erkennt
nisse und Ergebnisse haben gezeigt, dal3 sich dieses hirarchisch 
geordnete System besonders gut bewahrt. So sind etwa entspre
chende Vorarbeiten berei ts im Steinernen Meer und im Hollenge
birge (Hochleckengebiet) durchgefUhrt worden. Die Raucherkar
hohle und die HUttstatthbhle wurden eingemessen, sodal3 nun 
die bereits im alten Blattschnitt bestehenden Atlanten ins Gaul3-
KrUgersystem integriert sind und auf den nach lokalen Koordina
ten geschnittenen Teilblattern nun auch die Gaul3-KrUger-Koordi
naten angerissen werden konnen. Das Feuertalsystem (Osterrei
chisches Hohlenverzeichnis 1626/120) die Hohlen westlich der 
HUttstatt (Totes Gebirge) sind jedoch bereits nach dem neuen 
Blattschnitt dargestellt. Ein engmaschiges, besonders dichtes 
Vermessungsnetz auf der Tauplitz (Traweng, Schachtzone, Grub-
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Angegeben sind ferner die Zonen- und Kolonnenziffern der Triangulierungsblatter 
sowie am oberen Rand die geodatischen, am unteren Rand die dazugehorigen Bun
desmelde-Koordinaten 

grol3raumige und systematische Hohlendokumentation. For wel
che Gebiete bereits Arbeitskarten erstellt und entsprechende geo
datische Vorarbeiten durchgetohrt warden sind, zeigt Abb.4. 

Mit dieser absoluten Einordnung in das Bundesmeldenetz und 
stein) schafft dort bereits die Voraussetzung tor eine optimale, 
in die Teilung eines Triangulierungsblattes ist darOber hinaus si
chergestellt, dal3 einerseits alle hohlenkundlichen Unterlagen in 
bestehende staatliche Systeme nahtlos Obernommen werden kon
nen (z.B. in die Raumplanungsunterlagen), andererseits alle staat
lichen Unterlagen (z.B. Luftbildkarte, OK 50 und 25V mit BMN 
u.s.w.) tor den Hohlenforscher Obergangslos nutzbar sind . 

Dal3 sich das hier vorgestelte System der Hohlendokumentation 
in jene Uberlegungen eintogt, die in anderen Fachbereichen im 
Zuge des EDV-Einsatzes angestellt werden, zeigt der Aufsatz 
von WONKA (1984), der tor die kartographische Darstellung der 
Bevolkerungsdichte 250 x 250 m grol3e Flachen im Bundesmel
denetz vorschlagt und anwendet. 

M31 
-:-

b.. 

' ~ 

~ 

) --

g 
<> 
<> 
'; ..,!!} , 
·~ 

' --
~ 

( 
'-.. 

---------

. 

HG 1 
,o -

0P .J 

~~ h-...~ ~ 
_f 

"'.f-lK 
)~ ~LJ 

~( ~ 
--~ 
--:..--!--+- DA 

I I I 
L--L.--L-

0 ms~ L-----

.,...,okm-

48 49 

. . 
I 

I 31 

1 
-T7HT 

--L-J 
29 

~ ~-, 
' ' ·t·:TA 

--'--' 

... 

I/ 
V 26 

I 
·-t-·· ___ 1,, __ 

I : 

--~-- -1--

51 
BMN 450 000 g 

~ 

50 

~ 

Die Nutzung des Bundesmeldenetzes tor die Lageangabe von 
Punkten (Hohleneingange) und zum Schnitt der Teilblatter wird 
in Zukunft eine Obergangslose Integration spelaologischer Daten
bestande in bereits bestehende geowissenschaftliche Datenban
ken ermoglichen. 
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Research of Properties of Ropes 

Ferdinand Smikmator 
Czech Speleological Society, Commsission for Equipment 

RESUM 

Un dels problemes de caire tecnic que sovint se sol presentar es la questi6 de la fiabilidat que mereixen /es cordes utilitzades 
en activitats espe/eo/ogiques. Hom constata una tendencia cap a la millora de las seves propietats mecaniques, situaci6 que no 
sol anar acompanyada d'una utilitzaci6 apropiada a /'hora de fer-ne /es proves corresponents. Els metodes de prova que s'utilitzen 
normalment tenen un valor limitat des de/ punt de vista de l'espe/eo/ogia esportiva; a mes, la utilitzaci6 practica d'aquests resultats 
es, certament, questionable. 

Els espe/eolegs txecs estan provant nous procediments, mes perfeccionats, per a l'estudi dels processos a que es troben 
sotmeses /es cordes en la seva utilitzaci6 practica. No es casualitat que aquesta iniciativa provingui de Txecoslovaquia, ja que els 
espeleolegs txecs es veuen ogligats a utilitzar cordes d'escalada de producci6 nacional, /es quals no compleixen /es normes que 
la U.I.S. estableix per a /es cordes d'espe/eo/ogia. Els primers resultats d'aquestes proves semblen indicar que el treba/1 de /'equip 
de la Comissi6 d'Equipament de la C.S.S. contribuira a un mil/or coneixement de /es propietats de /es cordes i a una mil/or seguretat 
en la practica de /'espeleologia vertical. 

RESUMEN 

Uno de /os problemas mas importantes de tipo tecnico es la cuesti6n de fiabilidad de las cuerdas que se utilizan. Las cuerdas 
muestran tendencias hacia la mejora de las propiedades mecanicas. Esta situaci6n no va acompafiada de una utilizaci6n apropiada 
de /os procedimientos de prueba. Los metodos de prueba que se usan normalmente s6/o tienen un valor limitado desde el punto 
de vista de la espe/eo/ogfa deportiva. Ademas la utilizaci6n practica de /os resultados es cuestionab/e. 

Los espele6/ogos checos tratan de iniciar procedimientos perfeccionados para estudiar los procesos que se dan en las cuerdas 
sometidas a la utilizaci6n practica. No es por casualidad que esta iniciatiava proviene de Checos/ovaquia, puesto que /os espe/e6/ogos 
checos se ven obligados a utilizar cuerdas de esca/ada de producci6n local, las propiedades de las cuales no cumplen las normas 
de la U./.S. para cuerdas de espeleologfa. Los primeros resultados ya dan la seguridad de que el trabajo de/ equipo de la Comisi6n 
de Equipamiento de la C.S.S. contribuira a un conocimiento mas profundo de las cuerdas ya la seguridad practica de la espeleologfa 
vertical. 

SUMMARY 

One of the most important technical problems is a question of reliability of ropes beeing used. The ropes exhibit trend towards 
improvement of mechanical properties. This situation is not accompanied by appropriate use of testing procedures, Testing methods, 
currently in use, do have only a limited information value from the viewpoint of practical caver. More over practical use of results is 
questionable. 

Czechoslovak cavers are attempting to initialize improved procedures to study processes occuring in the ropes under practical 
use. It is not by a chance that this initiative comes from Czechoslovakia because Czech cavers are forced to use mountain climbing 
ropes of local production properties of which do not conform to UIS Standarts for Caving Ropes. Some first results give certainty 
that the work of team of Commission for Equipment of CSS will contribute to more thorough knowledge of ropes and safer practice 
of vertical caving. 

One of the most important problems of vertical caving is a 
question of reliability of ropes beeing used. We witness rapid 
development of completely new types of ropes during latest years. 
The ropes exhibit trend towards improvement of mechanical and 
utilization properties. This situation is not accompanied by 
appropriate use of testing procedures that would comply with 
contemporary requirements and available testing technology. 
Testing methods, currently in use, do have only a limited 
information value from the viewpoint of practical caver as fare as 
rope stress, fatique and degradation concernes. Moreover, 
practiacal use of results is questionable. 

Czechoslovak cavers are attampting to initialize improved 
procedures to study processes occuring in the ropes under 
practical use. They reached already several notable international 
successes in this country as well as abroad. Yet they are forced 
to use mountain climbing ropes of local production, properties of 
which do not conform to UIS Standards for Caving Ropes. 
Obviously the Commisson for Equipment of Czech Speleological 
Society could not remain indifferent to such situation. The main 
problem is that the cavers do not know how safe of unsafe they 
are on the rope that is available in this country / tensile strenght 
of about 15.000 N and elongation at 80 kg about 5 %. To solve 
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Figure 1. Block diagram of instruments were used during the first stage of project. 
1. anchor point 
2. carabiner 
3. strain gauge-type 9321 SN 57634, KIAG SWISS 
4. rope 
5. charge amplifier-type 5001, KIAG SWISS 
6. galvo amplifier-type 5211 A, KIAG SWISS 
7. power supply-type 3-143, Bell a Howell, U.S.A. 
8. recordingoscilograph-type 5-130, Bell a Howell, U.S.A. 
9. recorder-type CR 3000. 7 1/ 2, Bell a Howell, U.S.A. 

this important problem a volunteer team of members of various 
profession was established. This team will attempt to contribute 
considerably to better knowledge and understanding of 
deterioration processes in ropes. The basic requirement is an 
optimal simulation of actual performance of ropes in caves. The 
whole project was devided into following steps: 

1 . Measurement of forces in ropes during actual climbing 
2. Mathematical analysis of results 
3. Creating special programme for digitally controled testing 

machines and for suggesting suitable simulation on 
mechanical cycling machines 

4. Performing fatique tests of various types of ropes under 
various conditions 

5. Interpreting results 

Force 

Until now we have succeded to finish the first task and 
partialy the fourth one. Measurements made were based 
on analysis of existing variations of techniques. 
Measurement instrumentation comprised piezoelectric 
tension sensor with neccessary amplifiers, ultraviolet 
oscilograph and instrumentation tape recorder -analog 
type. Measurement were recorded both on paper and on 
magnetic tape. Recorded data from tape can be digitalized 
and mathematically evaluated on a computer. Based o this 
evaluation as well as on statistical evaluation of techniques 
beeng currently used in Czech Speleological Society a 
universal equivalent model of actual loading of rope in 
caving conditions. 

Fmax +-------------,.-

--Total absorbed energy 

F!!!.!U+-----------1---1-
2 

Fmin 
o+------2-x_a_p-f<,-----➔ .... -+_+_-:+-------X-

lxa 

Figure 2. Diagram of graphic record with interpretation of used quantities. 
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In the course of time the original scheme turned out to 
be unrealistic because of the limited possiblities of an 
amateur team. Integration of all the courses of loading of 
the rope into one curve was not only impossible but also 
useless. That is why further research directed at getting 
acquainted in detail with mechanical properties and fatique 
characteristics of Czechoslovak ropes. It is necessary to 
note in advance that at the time of our experiments there 
were no international standard conditions at our disposal, 
so that the tests were realized according to the possibilities 
of the test device. This means that the results have a 
limited information value and must be corrected so they 
are in keeping with international practice. 

Main interest was directed at a study of fatique 
behaviour of the ropes during a great number of loading 
cycles, which we consider to be one of the most important 
factors determining their reliability. Though it was a 
laboratory test we aimed at a most advantageous 
compromise between simulation of the real situation and 
possibilities of the test machine. We used the MTS device 
with programmed course of load force. The 11 mm rope 
sample was clasped between two Al- alloy rollers that 
were fixed in the jaws of the test machine. Active length 
of sample was 54 mm. The rope was loaded with static 
force of 800 N / thus we simulated weight of the 
«international caver»/. Then the sample was strained by 
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Figure 3. Behaviour of quantities during the whole test-see figure 4. 

force of 800 ± 800 N with a sinusoidal course with 
frequency of 0,2 Hz. Because of lack of time the tests were 
finished after 50.000 cycles. For the tests and evaluation 
of their results we used the methodology usual in metal 
studies. The following table shows the results of a typical 
test. 

The data were recorded digitally and graphically with 
a plotter. The whole data set can be divided into 4 
characteristic groups see fig . 4, which shows the 
development of the changes in quantities. It holds during 
the whole experiment that the acting force is constant and 
the quantities x

8
, x

8
P and x

8 
are functions of log N. 

Cyclic elastic properties of the rope -x. 

X
8 

is proportionate to the Young elasticity coefficient. 
Generally we can say that its value changes with the 
number of cycles. It will be the object of further experiments 
to verify to that extent this conclusion is correct, because 
behaviour of the rope differs from that of metal and the 
change observed may be due to the interaction of the inner 
fibre bundles or to the changes in microvolumes of 
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Number Total amplitude Amplitude of 
of cycles of deformation plastic deform. 

N x.Jmm/ 

1 5,20 
2 5,18 
3 5,20 

50 4,80 
100 4,75 
200 4,60 
600 4,60 

1.000 4,50 
1.500 4,70 

31.000 3,80 
32.000 3,45 
34.000 3,75 
35.000 3,80 
37.000 3,50 
50.000 3,80 

macromolecules. Generally it can be inferred from the graph 
that with increasing number of cycles the x. value 
decreases, e.g. with growing time of using the rope loses 
elasticity -it becomes more static and its ability to absorbe 
shock energy decreases. 

Cyclic plastic properties of the rope -x•P 

The graph shows that with increasing number of cycles 
this quantity decreases. During the first three cycles the 
rope stretches considerably, then the contraction sets in, 
which can be explained as deformation strangthening of 
material. This quantity also influences the absorbtion ability 
of the rope and its mechanical properties. 
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Figure 4. Graphical representation of recorded data-see the table. 
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Medium plastic log N 
deformation 

xJmm/ 
15,30 0.000 
15,54 0,301 
16,40 0,477 

16,86 1,699 
17,10 2,000 
17,54 2,301 
16,72 2,778 

16,60 3,000 
16,34 3,176 

20,40 4,491 
22,00 4,505 
21 ,60 4,531 
21 ,00 4,544 
22,40 4,574 
22,94 4,699 

Creep characteristics of the rope -x. 

If the x. -value increases with the increasing number 
of cycles, the rope creeps. According to the graph the 
creep processes in the rope take place between the 1 st 
and 200 th cycle, the rope recovers between the 600 th 
and 1.500 th cycle and it generally continues to creep after 
a great number of cycles/ from the 31 .000 th cycle on/. 

Interpretation of results 

- With the quantity X
8 

increasing the x. and X
8
P values 

fall, e.g. deformation ability of material decreases, 
the rope strengthens. 
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Figure 5. Objective scheme of change of mechanical properties during the 
loading 
Case 1. Sample of rope without loading 10-lenght nominal 
Case 2. Sample under the static loading only / 800 N/ 11 > 10 
Case 3. Sample under the cyclic loading / N - 1/ -beginning of the test 

A 1 -initial amplitude 
Case 4. Sample under the cyclic loading / N - 5. 1a4 / -finish of the test 

A2 resulting amplitude -A2 < A1 
12 resulting length of sample - 12 > 11 

- At the beginning of loading the stretch of the rope is low 
and the amplitude of oscillation is big, but with the 
increasing number of cycles the rope stretches and the 
amplitude of oscillation gets smaller /see fig. 5/. 
All the changes in the characteristics of the rope begin to 
manifest themselves significantly only after a great number 
of cycles /N 104 which corresponds to about 0,5 hour of 
caver's uninterrupted movement on the rope. 

- Strengthening of the rope is caused by a cyclic creep at 
an almost constant temperature. The consequence is a 
decrease in the values of x. and xap· 
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After completion of a test the sample was tough, after 12 
hours it recovered its original elasticity. 

Conclusion 

The first preliminary results of a long-term experiment indicate 
that in agreement with the results of international research works 
the tested samples of Czechoslovak rope can bear the long-term 
exertion usual in SAT, at the same time it is necessary to take 
into account its disavantages and use it with maximum 
responsibility to achieve the highest safety possible. It is evident 
that the telling value of the laboratory experiment is relative. The 
method described is part of an extensive long-term project, which 
concerns it self with a complex research of all connected 
problems. Cooperation with foreign renowned associations will 
be necessary to give as well-founded information as possible on 
the possibilities and limitations of the ropes tested to 
Czechoslovak cavers. 

Prospects of further work 

- A detailed study and analysis of the acquired knowledge. 
- A reappraisal of the methods employed for the 

experiment. 
- An evaluation of the problems from the viewpoint of 

specialists in macromolecular chemistry and fibre 
production. 

- Consultation with colleagues of foreign bodies /BCRA, NSS, 
etc./ which pursue these problems, and incorporation of 
our contribution into the international context, and, if need 
be, correction of the used methodology in order to unify 
the international practice. 

We belive this interdisciplinary project shall contribute 
to more thorough knowledge of caving rope and of it's 
behaviour. This should contribute to safer vertical caving. 

Ascenders and Descenders: Insights into the variations 

Gary D. Starrick 
National Speleological Society 

RESUM 
El descens i J'ascens mitjam;ant rappel i prusiks s6n tecniques basiques d 'espeleolegs i d 'escaladors, Jes quals han rebut, 

ultimament, mo/ta atenci6 per part dels grups de reseat convencionals. Durant els anys 60 i 70 els espe/eo/egs han perfeccionat 
Jes seves tecniques, de ta/ manera, que la major part de Jes operacions verticals ha deixat de ser complicats exercicis i s'han 
convertit en pura rutina . Aquest desenvolupament tecnic ha anat tambe acompanyat d'una mi/fora significativa en el disseny def mate
rial. 

La cof·fecci6 de /'autor inc/au mes de 100 davalladors i 50 bloquejadors europeus i nord-americans dels darrers 25 anys. Aquest 
treba/1 estudia a/guns d'aquests aparells ressaltant els seus avantatges i inconvenients. Al final, i citant a/guns exemples dels 
fabricants de material de reseat mes habituals, l'autor recalca la conveniencia d'estudiar atentament els dissenys anteriors abans 
d 'intentar millorar-Jos. 

RESUMEN 
El descenso y ascenso mediante rappel y prusiks son tecnicas basicas de espele6/ogos y escaladores, habiendo recibido 

recientemente mucha atenci6n en /os grupos de rescate convencionales. Durante /os afios 60 y 70 las espe/e6/ogos han perfeccionado 
sus tecnicas de ta/ modo que la mayor parte de las operaciones vertica/es ya no son complicados ejercicios, sino que se han 
convertido en pura rutina. Este desarrollo tecnico se ha vista acompafiado de/ correspondiente avance en el disefio de/ material. 

La colecci6n def autor incluye mas de 100 descendedores y 50 bloqueadores europeos y norteamericanos de las ultimas 25 
afios. Esta comunicaci6n estudia a/gunos de estos aparatos resaltando sus ventajas e inconvenientes. Al final, citando ejemp/os de 
las fabricantes de material de rescate mas habituates, el autor reca/ca la importancia que tiene el estudiar atentamente las disefios 
anteriores antes de intentar mejorar/os. 
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SUMMARY 

Rappelling and Prusiking are essential techniques for the serious caver and climber, and have recently recieved considerable 
attention in conventional rescue circles as well. In the 1960's dnd 1970's cavers have refined their techniques to the point that most 
vertical situations have become routine excises rather than the challenges they once were. This refinement in technique accompanied 
a corresponding improvement in equipment design. 

The author's collection includes over 100 descender and 50 ascender types spanning the past 25 years of North American and 
European development. This paper considers several of these devices and examines their desirable features and their flaws. Finally, 
citing examples from the current «rescue rappel equipment>1 manufacturers, the author emphasises the importance of studying the 
works of others before attempting to improve the state of the art. 

Ascenders 

Thrun (1971) subdivides ascenders into knots consisting 
entirely of rope, semi-mechanical knots, and mechanical 
ascenders. Devices from the latter category are prefered for most 
serious vertical caving due to the improved efficiency obtained 
when employed in the more sophisticated climbing systems such 
as the Cuddington 3-phase, frog , or ropewalker. Consequently 
this paper will consider only mechanical ascenders. 

The design of a mechanical ascender involves consideration 
of several parameters. The designer must achieve an acceptable 
compromise between size, weigth, safety, security, complexity, 
efficiency, speed of rope attachment, and ease of movement. 
Cost must also .be considered, but unfortunately most people 
overemphasise this factor. Successful ascender designs generally 
fall into one of two categories. The first category, «grasp type» 
ascenders, includes those devices designed to be predominantly 
operated by the hands. Examples are the Jumar, Petzl Expedition, 
and CMI 5000 series ascenders. The second category includes 
devices designed to be operated without manual intervention 
such as the Gibbs, Lewis and Brew ascenders. For lack of a 
better term the author refers to these by their early North American 
designation, «climbing cams». 

Most grasp type ascenders have several design features in 
comnion. In the typical implementation the ascender consists of 
a pivoting cam attached to a frame, which also serves as a 
handle. Slings connecting the ascender to the climber are 
attached to the frame. This arrangement necessitates the use of 
a toothed cam if the ascender is not to slip under load (Thrun, 
1971 ). The frame is open on one side to allow easy rope 
attachment by manually opening the cam to its full open position. 
A safety catch is normally provided to insure the cam does not 
open inadvertently and release the main climbing rope. Most 
come in distinct left and right handed versions. 

The extreme versatility of grasp type ascenders can be traced 
directly to the ease of attachment and removal. Any good design 
should insure that these operations can be performed quickly 
and smoothly, one handed and with either hand; however, the 
device must not come off the rope accidentally. The Jumar is 
perhaps the premier example of this class of ascenders. The 
placement of the safety catch allows easy release with the middle 
finger (particularly with the older, pre-1978 safety catch design) 
and the cam can then be opened easily with the thumb (or, if 
the ascender is held in the opposite hand, the forefinger). The 
Petzl , with the safety mounted on the cam, can also be operated 
ambidextrously but the motion is more awkward and the strong 
safety catch spring impedes the motion. The CMI 5000 series 
has similar problems. Finally, the Clog has a thumb actuated 
safety catch which is easily released, but the cam can only be 
opened if the ascender is held in the opposite hand. 

Some less popular designs deviate from the configuration 
described above. The Bonaiti utilizes an untoothed lever action 
cam which requires a complex pivoting frame arrangement which 
appears to lack the strength of a solid frame. The Petzl shunt 
uses a novel class 2 lever arrangement for its smooth cam, but 
is a special purpose device for double ropes. 

Several manufacturers have exchanged some ease in 
operability for a reduction in size and weight. Petzl , Clog, and 
CMI all introduced ascender models of this type. 

Climbing cams typically consist of a cam which pivots in a 
U-shaped sheet metal shell. An example of a state of the art 

climbing cam design would be the Gibbs ascender. The climber's 
slings attach directly to the cam, resulting in a class 1 lever 
arrangement which eliminates the need for a toothed cam. There 
is usually no need for spring loading the cam in climbing 
applications, although spring loading has applications in hauling 
and rescue. Gibbs pcovides a spring loaded model where the 
spring loading is easily disengaged if not required. Since the 
hands are not required for operation, climbing cams may be 
operated directly to the climber's feet. Such ropewalking systems 
are very fast and efficient on free drops. The primary disadvantage 
of these ascenders is the time required for attachment to and 
removal from the main line. Consequently the climbing systems 
normally employed lack the versatility of those used with grasp 
type ascenders. In 1981 the author purchased a Kantyu ascender 
which can be described as an open-sided Gibbs. It was too small 
for use on standard North American ropes, but the design concept 
appeared sound and promised a significant improvement in 
attachment and removal speed. In 1984 the author made a similar 
device based on the Gibbs. It performed well on an expedition 
to Huautla, Mexico and elsewhere, and so was described at the 
1984 National Speleological Society convention. To date no 
manufacturer has followed by introc!tucing a similar device on a 
large scale. 

Descenders 

There have been a tremendous number of descender types 
marketed, reflecting not only a large design diversity but also 
substantial experimentation attempting to improve standard 
designs. This variety makers classification difficult. The author 
prefers to classify descenders based on the geometry of the rope 
path through the device rather than the morphology of the device. 
This is motivated by the observation that in most devices the 
perpendicular forces required to create friction between the rope 
and the device are generated by bending the main line rather 
than· squeezing. Even racks and J-bars, which utilize squeezing 
to some degree, rely on a curved rope path for most of their 
friction. Squeeze brakes (which rely only on squeezing) have not 
achieved widespread ppularity due to safety and control 
problems. Nevertheless, they are easily included in the author's 
classification since their straight rope path is distinctive. Figure 
1 illustrates one such classification with the class names based 
on typical examples. Of course the class names and the exact 
delineation of the boundaries between classes are not important 
since the classes grade into each other. 

Important descender design considerations include size, 
weight, safety, heat dissipation, spin, friction provided and 
controllability. The first four are primarily functions of materials 
and dimension. The remaining three are heavily influenced by the 
rope path geometry. 

Spin is generated by asymetries in the rappel equipment. The 
major contributer, laid rope, has fallen into disfavor in favor of 
braided (usually kernmantle) ropes. Consequently spin is now 
mainly a function of descender rope path geometry. The only 
rope path geometries providing complete angular symmetry and 
hence no spin contribution are planar ones. Important device 
examples are the rappel rack and the bobbin, perhaps the two 
most popular devices for serious cavers. Devices which lack a 
planar rope path will have varying degrees of spin depending on 
the exact rope path geometry. In some devices the geometry 

319 



Qv5 

__Q_ _ _JL_ 

_g-_-G--

Figure 1: The author 's method of classifying descenders based on rope path 
geometry. Small dashes illustrate some classes which grade into each other. Classes 
can be named based on a typical representative device. First column: Squeeze 
brakes. Second column (top to bottom): Brake Bar, Longhorn A, Longhorn 8 , Figure 
Eight. Third Column: Rack 2, Rack 3, Rack 4, Rack 5. Fourth column: Bobbin, 
Horizontal Spool 1, (left branch) Horizontal Spool 2, (right branch) Vertical Spool 1, 
Vertical Spool 2. Fifth Column: J-bar. 

can be subdivided into two parts whose opposite spin 
contributions tend to cancel. The endless figure eight variations 
employ this spin reduction technique. Finally, designs with high 
angular assymmetry usually have high spin, as seen in the Hobbs, 
Peck, and Patten's hooks. 

Friction is related to the total angular curvature 0 by the 
familiar snubbing formula F = T(1-e-118 ) where F is the friction 
provided by the device, T is the rope tension above the caver, 
and µ is the coefficient of friction . Once again rope path geometry 
is the important factor. Increasing 0 increases the friction, as 
anyone who has added a wrap to a rappel spool understands. 
Sinceµ is essentially fixed by the materials and environment (eg., 
wet, muddy) the key to obtaining proper friction from a device 
lies in proper selection of 0 . 

This finally brings up the subject of controllability. 
Unfortunately for the designer, there is a great variation in both 
cavers and environmental conditions and hence no optimum 
choice for 0 exists. A descender providing adequate friction for 
a 40 kg. female caver rappelling on a sandy rope may prove 
completely uncontrollable for a 100 kg. male carrying a 60 kg. 
expedition duffel on a new, clean rope. Therefore a variable friction 
device is highly desirable and at times almost essential. Both 

incrementally variable and continuously variable friction devices 
have been successfully introduced. The whaletail is a well known 
example of the former and has become popular in Australia. The 
brake bar rack provides continuously variable friction and is the 
device of choice in North America. Unfortunately, both these 
devices are larger and heavier than popular constant friction 
devices such as the figure eight and bobbin, and as a result are 
unlikely to completely replace them. Selection of a device is 
always a compromise. 

Current Trends 

The author has seen little in the way of significant new designs 
for either ascenders or descenders in many years. The basic 
grasp type ascender, the climbing cam, the rappel rack, the 
whaletail , the figure eight, the bobbin, etc. all date from before 
1970. Improvements have been made in the area of material 
selection, manufacturing and quality control, but most recent 
improvements in device geometry consist of small changes to 
existing designs. Perhaps we have nearly achieved the optimum 
device designs possible. 

Recently there has been an increase in interest in rappelling 
among rescue squads in North America and a corresponding 
large increase in the number of descenders marketed. Most of 
the devices that deviate from the most popular designs merely 
duplicate ideas which were tried unsuccessfully fifteen or more 
years ago. The Forrest roperider is essentially a rappel spool 
minus the rope guides. Another manufacturer has introduced a 
device which is very similar to squeeze brake designs abandoned 
years ago for safety reasons. The sidewinder is merely a slightly 
distorted longhorn. The tracson tries to combine an ascender 
and descender into one device, an idea generally abandoned 
long ago due to the difficulty of achieving good performance in 
either application. The author feels that had the manufactures of 
these devices researched the history of vertical technology, none 
of these devices would have been introduced. Their commercial 
success remains to be seen, but unless a substantial yet vertically 
uninformed market is found the author suspects that most of 
them are probably destined to fail commercially. History shows 
the original d_ellfces failed because they lacked the necessary 
combination of attributes that cavers/climbers/rescuers desired. 
Innovation is important if vertical technology is to progress, but 
the successful manufacturer will most likely be the one who 
thoroughly understands the basic principles of ascender and 
descender design and markets a proven product. 
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Single Rope (Vertical Caving) Techniques in America 
A Survey of Current Practices and Equipment 

RESUM 

David McClurg 
Carlsbad, New Mexico 
Former Chairman, Vertical Section, 
U.S National Speleological Society 

Aquest treba/1 descriu /es tecniques de l'espeleologia vertical (SRT) i /'equip utilitzat normalment pe/s espe/eo/egs nord-americans 
ta/ i com s 'han anat desenvolupant, especfficament, per a molts de/s pous profunds (de 50 m. fins a 300 m. , o mes) i en els 
extensos sistemes de rius subterranis que hom pot trobar a U.S. i a Mexic. Els sistemes d 'ascens que s 'hi descriuen inclouen Gibbs, 
Ropewalker amb bloquejadors flotants, el sistema Jumar Mitchel i el sistema amb caixa gosset, Texas o Inchworm Jumar sistem i 
esca/es-e/ectr6. Els sistemes de descens que es descriuen inclouen un harness mil/or daval/ador def tipus vuit o rappel rack, i shunt. 
Amb el material d 'ascens i descens esmentats, /'equip inclou cordes estatiques d'espe/eo/ogia, de baixa e/asticitat i d'una excel·lent 
resistencia a /'abrasi6, aixf com eslingues fetes amb membranes tubulars de 25 mm. i per/6 de 6-8 mm. Tots els sistemes verticals 
i /'equip corresponent seran exposats i es faran demostracions. 

RESUMEN 

Este trabajo relaciona las tecnicas de la espeleologfa vertical (SRT) y el equipo usado normalmente por /os espele6/ogos 
americanos, ta/ como se han desarrollado especfficamente para /os muchos pozos profundos (50 hasta 300 m. o mas) y los extensos 
sistemas de rfos subterraneos en /os U.S. y Mejico. Los sistemas de ascenso descritos incluyen Gibbs, Ropewa/ker con bloqueadores 
flotantes, el sistema Jumar Mitchel y el sistema con caja gosset, Texas o Inchworm Jumar sistem y esca/eras de cable. Los sistemas 
de descenso descritos comprenden un harness mas descendedor de tipo ocho o rappel rack, y shunt. Junto al material de ascensi6n 
y descenso que acabamos de mencionar, el equipo incluye cuerdas estaticas de espeleologfa, de baja elasticidad y excelente 
resistencia a la abrasi6n, asf como eslingas hechas de membranas tubulares de 25 mm. y per/6n de 6-8 mm. Todos /os sistemas 
verticales y equipo seran expuestos y se haran demostraciones. 

SUMMARS 

This paper surveys the highly-developed SRT (vertical caving) techniques and equipemnt currently in use by American cavers. 
Over the past 25 years, American SRT techniques have proven themselves safe, simple, and versatile. They have enabled American 
cavers to explore both the deep free-fa/I pits (50 to 300+m), as well as the complex multi-pit cave systems of the United States 
and Mexico. Because of their versatility, these techniques have also proven useful for smaller pits in conventional caves. 

Ascending systems covered in this paper include 1) The Mitchell Jumar System witch chest l:)ox, 2) The Texas Jumar System 
(field-convertible from the Mitchell) and 3) The Gibbs Ropewalker with both ascedners floating. A descending system is described 
consisting of a rappel rack (or figure eight descender for shorter drops) with a sewn seat harness and a spelean shunt. Integral to 
American SRT techniques are static caving ropes with excellent abrasion resistance, high strength, low stretch, freedom from spin, 
and relatively low cost. All vertical systems and equipment will be displayed and demonstrated. 

25 Years of Development and Field Use 

Over the past 25 years, American caverns have developed a 
style of vertical caving (SAT) that has proven itsef to be safe, 
simple, and versatile. It has allowed them to penetrate many new 
or previously unexplored pits and cave systems in the U.S., Mexico 
and other countries. 

Most American SAT systems can be said to have begun with 
a couple of carabiner brake bars for rappelling and Prusik slings 
of 3/8 inch (9mm) sisal rope for climbing out. The cable ladder 
was also widely used for short (10 or 20m) climbs, and occasionaly 
even for longer ones too. Rope for many years was mainly the 
old standby, three-strand Goldline. It spun you around horribly 
and had to be knotted together for really deep pits. Lather the 
first kernmantle ropes came into use and eventually today's 
superb quality static caving ropes were introduced. 

During their two and a half decades of development and field 
use, American SAT systems have achieved an enviable safety 
record . These systems are simple to use and, although American 
caverns frequently must fabricate at least part of their vertical 
rigs themselves (because commercial versions are not generally 
available), they are also relatively simple to assemble. Moreover, 
they are multipurpose and have shown their value under a wide 
variety of different caving conditions. Main SAT Areas. Among 

the caving areas where American -SAT techniques are wildey 
used are the: 

Deep pits of the southeastern United States, Mexico, and 
other parts of the U.S. 

0 Complex multi-pit cave systems of Mexico. 
0 Smaller pits of other North American caves. 

Deep Pits of TAG Country and Mexico 

Tag Country. In the three southeastern states of Tennessee, 
Alabama, and Georgia, is a vertical caver's paradise known as 
TAG Country. Concentrated here are an estimated thousand or 
more pits. As a rule, the best krown of these are open-air free-fall 
pits that bottom out at 45 to 60 m. but a few, like these below, 
are among the wonderful exceptions that prove the rule. 

Fantastic Pit, Ellison's Cave (Georgia) ........ . .... 155m 
lncreible Pit, Ellison's Cave . . . . . . ... . . ... .. . . .. . . . 134m 
Surprise Pit, Fern Cave (Alabama) ..... . . . .. . . .. . .. 133m 
Mystey Falls Cave (Tennesse) . . . . . . . . . . . . . . . . . . . . 96m 
Mega Well (Alabama) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94m 

Rigging. Many of the open-air pits are completely free after 
a few meters of contact with the wall at the top. Trees are 
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abundant in this part of the country , so the 11 m abrasionresistant 
rope is often tied off a meter to two up oo the trunk of a tree. 
If possible, a tree rigth at the lip of the pit is chosen. Usually, 
the rope hangs free all the way to the bottom. A protective pad 
of denim material often the leg of and old pair of blue jeans, is 
tied at the top lip to guard against rope abrasion. Because the 
rope is rigged high on the tree, it is usually relatively easy to get 
off the rope when completing the ascent. 

Safety Jumar. If the lip is difficult, many cavers routinely carry 
an extra ascender, a Safety Jumar, with a short three or four 
step etrier atatched. This is useful not only for negotiating lips 
and overhangs, but for crossing knots in the main line and as a 
general safety aid. 

The safety Jumar is similar, at least inconcept to the.cow tail 
used by European cavers. In use, it is often left attached to the 
seat sling and stuffed in a pocket or inside a shirt so as to be 
handy for emergencies. 

Many of the popular TAG country caves are reasonably 
accessible: within 3 or 4 kilometers of a road . Carrying vertical 
gear and 60 to 90 m of 11 mm rope, although accompanied by 
some expected grumbling, is not too difficult and is accepted as 
part of the game. 

Mexican Pits. A good number of the deep pits in Mexico are 
similar to the open air pits in TAG Country-but much deeper. 

For example, the free fall depths from the usual rigging points 
of three of the best known are: 

El Sotano . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 Om 
Sotano de las Golandrinas . . . . . . . . . . . . . . . . . . . . . . . . 334m 
Hoya de las Guaguas . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202m 
The hike to Mexican pits is generally much longer and more 

difficult than to Tag Country caves. Because of the hot humid 
weather, Winter or Spring become the seasons of choice for a 
visit when feasible . In the early and mid 1960's, when Mexican 
pit caving was in its infancy, local Indian bearers and burros were 
often hired to carry equipment. Today, many back country trails 
have been made into roads . Some deep pits , such as Golandrinas, 
can now be reached with a four-wheel drive vehicle instead of 
the death march formely required . 

SRT Systems for Deep Pits 

Descending. American systems for deep pits work equally as 
well in any pit ranging from 15 to 350m and more. The key to 
doing really deep pits is a sewn seat harness (used by 87 %1

) 

to provide a secure, comfortable resting position. A sewn seat 
harness is considered better since it is fail-safe should one section 
break. To this seat harness, a rappel rack (preferred by 96 %) is 
attached with a high strength locking carabiner. A Spelean Shunt, 
made of a Gibbs ascender with a carabiner attached to provide 
release leverage, is used by many American cavers. However, 
its uns is by no means universal. 

Ascending. To ascend pits from as short as 15 or 20m to the 
very deepest, either the Gibbs ropewalker or the Mitchell Jumar 
system are the overwhelming choice (95 %) of American vertical 
cavers . Altho quite different in configuration, both actually operate 
very similarly . Your body remains nearly upright, close to the 
rope. You literally walk up the rope. The seat harness provides 
the rest position required by all but the strongest cavers , in 
reasonable safety and comfort. 

1 This percentage and others cited below are from a January 
1986 survey of NSS verticalSection memebers. 

The choice between Gibbs Ropewalker and Mitchell Jumar 
systems is largely personal. The ropewalker is more popular now 
(57 % to 34 % for the Mitchell) . But 11 % of Vertical Section 
members surveyed have both systems. Gibbs for long drops, 
Mitchell for multi-drops or where water hazards, climibing, other 
technical problems exist. A jumar is easier to put on the line. 
You can in fact do it with one had. A Gibbs always requires two 
hands. But you have to move Jumars up the rope, whereas, 
Gibbs travel along with you without attention . 

Rigging. Rigging deep Mexican pits often follows TAG Country 
practice, except that good trees in the rigth position at the 

entrance are sometimes harder to find . Bolts are used when 
necessary, but natural anchors are preferred here as this is the 
standard practice by most American SRT cavers . This means 
large secure breakdown blocks, stalagmites, columns, flakes, and 
the like. 

Shorter Drops. For shorter pits up to 15 or 20m, particularey 
if in contact with the wall, the ligther weigth figure 8 descender 
(37 %) often replaces the rappel rack for descending. For coming 
back up, the Texas Sit/Stand system, or less frequently Prusik 
knots, replaces the ropewalker or Mitchell. 

Note that the Mitchell is especially versatile, since it can be 
easily converted to the Texas configuration. A Sit/Stand system 
excells for short against-the-wall drops or where you need to 
keep away from the rope-as when forced to climb in a 
waterfall 

Multi-Pit Systems 

Mexican Cave Systems. Besides being known for its deep 
freefall pits, Mexico has now become justly famous for its world 
class cave systems. At least two (Sistema Huautla and Nita Nanta) 
have now passed the 1.000m depth mark. Most are characterized 
by a series of drops, as many as 30 or 40, each requiring a 
separate rope. Many of these drops are relatively short (5 to 
20m). However, the higher sections of these complex systems 
sometimes will have deeper pits like the 75 and 90m pits of the 
Nita ·Sa/Nita Zan section of Sistema Nita Nanta, es just one of 
numerous examples. 

Mexican River Caves. Many of these systems have active river 
passages, and even in the dry season, requiere full wetsuits for 
the many swims and waterfall drops. Sumidero Santa Elena, for 
example has more swims (52) than roped drops (30). 

For these caves, many cavers prefer the Mitchell Jumar 
systems because it's easier to put on and take off the line. 

Also it can be converted to the Texas Sit/Stand for short 
drops, particularly, waterfall drops. Getting on a rope , especially 
when standing or seimming in a pool of last moving water, is 
much easier with Jumars than with Gibbs, where the bottom 
ascender is on your foot down under the water. 

Rigging. Rigging all the ropes needed for the multiple pitches 
in these complex systems tends to follow, at least in principle, 
the American preference for natural anchors. But the harsh · 
realities of deep river caving call for setting bolts and an occasional 
piton whenever a natural anchor is not readily at hand. 

Carrying the extra weigth of 11 mm rope ( compared to smaller 
diameter ropes) in the multiple lengths needed has led some 
American cavers to recommend careful use of the newe 10mm 
abrasion resistant American SRT ropes instead. So far the newer 
ropes haven 't had enough field use for a proper evaluation But 
the hope is there that the 10mm will work out. 

Trends. All vertical cavers, and Americans are no exception, 
dream of ligther ropes and equipment, like 10mm rope. 

As for other equipment, specific improvements will surely be 
made, at least incrementally. However, it should not be forgotten 
that many new designs in the U.S. are the work of individual 
cavers . The size of the American caving market is relatively small. 
For example, the number of cavers on the US is smaller than in 
Britain, even thougth the poulation of the US is some five times 
greater. Manufactures of caving equipment need other markets 
like sports, mountaineering, rescue, or fire departments to 
survive. 

Portions of this paper are derived from the author's book The 
Adventure of Caving, Copyright 1986 by D&J Press. 
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Rappel Ract Descender. Rappel 
radt, attached to sewn -t 
harness with IOdlnQ carabiner, 
ol!ers excellent heel dlsslpeUon 
on long drops. Rad can be nQlled 
with lour to SI% bars, depending on 
ienath ol drop, wetQhl ol caver. 
and amount ol !rlctJon req\llred. 
Right hand cradles rack and 
moves bars lo oonlrol ~ 
Equally useful !or short and long 
drops because ol variable !ricUon 
oonlrol Spelean shunt adds 
margin ol salet y !or long drops. 

-

T-Sll.lS\and System. Upper 
jumar goes 10-1 harness, lower goes 
to one or both !eel, dependlnQ on type 
ol SIJna used. PoslUon ol caver away 
from Une ls QOOCi for wal«1all asconts. 
but cuts elfldeney. because YoU have 
to ratse younell beck up and Into tho 
Une dur1nQ Nth cycle. !lest for short 
drops and wal«1all pitches. 
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Mitchell Jumar System. 
Chest bo1 keeps caver close 
to line so she literally 
walks up the rope. Both 
main line and top Jumar 
sling go through separate 
channels in bo1. Safety 
loops on boots keep Ju mar 
slings securely attached . 
Sling from top Ju mar to 
seat harness provides 
resting position. Sling 
from bottom Ju mar to seat 
harness keeps ascender 
close to hand. Often a thlrd 
ascender (omitted here for 
clarity) is attached to main 
line near bo1 . 

Gibbs ltopevalter. Fle1ible 
bungey cord routed through 
pulley on chest harness. 
floats both foot and knee 
ascenders for muimum 
efficiency. Chest bo1 keeps 
caver upright and close to line 
enabling him to walk up the 
rope with niimlmum effort. 
Top Gibbs (frequently a 
Spelean Shunt) connected to 
seat harness provides third 
point on line and a secure 
resting position. Rope-walker 
is system chosen mpst often 
by American SRT cavers for 
very long drops. 
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Tests and practical experiences with Czechoslovak climbing ropes, used in 
speleology 

Gustav Stibranyi 
Technical Commission of Slovak Speleological Society 

RESUM 

Les proves efectuades amb mes deteniment incidiren sobre cordes d 'escalada de la marca JUTA, utilitzades en espeleologia. 
Aquestes cordes sofreixen un elevat grau de degradaci6 a causa def temps, l'aigua, el fang de /es cavitats, la manipu/aci6, /'abrasi6 
i la pressi6 dels nusos. Si es guarden adequadament, preferentment en habitacions seques i fosques i a una temperatura de 15-20. 0 

C. no s 'observa una disminuci6 de la seva resistencia. 
Les proves dinamiques van posar de rel/eu que /es cordes utilitzades tenen una mil/or capacitat que no pas /es noves per a 

absorvir l'energia cinetica. 
Les cordes de 11 mm. f2J s6n satisfactories per al seu us en espeleologia, tecnica corda sofa, durant molt de temps i carrega 

intensiva. 
No es recomanable /'us de /es cordes de 9 mm. f2J per a espeleologia tecnica corda sofa. 

RESUMEN 

La prueba efectuada fue la mas extensiva en cuerdas de esca/ada de la marca JUTA, utilizadas en espe/eo/ogfa. Estas sufren 
un alto grado de degradaci6n por influencia def tiempo, el agua, el barro de las cavidades, la manipu/aci6n, abrasion y la presi6n 
de /os nudos. Sise almacena adecuadamente, preferentemente en habitaciones secas y oscuras ya 15-20.° C. de temperatura, no 
hay disminuci6n de la fortaleza. 

Las pruebas dinamicas mostraron que las cuerdas usadas tienen mejor capacidad que las nuevas para absorber la energfa cinetica. 
Las cuerdas de 11 mm f2J son satisfactorias para su uso en espe/eo/ogfa tecnica s6/o cuerda, durante mucho tiempo y carga intensi

va. 
No se recomienda el uso de las cuerdas de 9 mm f2J para espeleologfa tecnica solo cuerda. 

SUMMARY 

The testing performed was the most extensive one at climbing ropes of JUTA mark, used in caving. There is a high degree of 
degradation of them, by influence of weather, water, cave-mud, manipulation, abrasion and knot-loading. There is no decrease of 
strength if there is proper storing, prefferably in a dark dry room, and at 15.0-20. o C temperature. 

Dynamic tests showed the ropes have better ability to absorb the kinetic energy after being used than the new ones. 
The ropes of f2J 11 mm are sastifactory for use in SRT caving for long time and at intensive loading, too. 
Ropes of f2J 9 mm are not recomended for use in SRT caving. 

Introduction: 

By the estimate some 12 to 15 thousand people hang up their 
lives on climbing ropes of JUTA mark more or less often . Over 
7 thousand mountaineers and cave-men use the ropes in their 
activities in Czechoslovakia alone. Besides, these ones used by 
fire-men and in the industry too. 

It 's not a secret that the mountaineers and cave-men from 
the surrounding countries /Hungary, East Germany, Poland/ buy 
these either for sport or for any other purpose, often making their 
livings on ropes. 

The JUT A climbing ropes of 0 11 mm are the most advisable 
ones for SRT in speleology among the ropes made in socialist 
countries. These realities and also a lot of rope tests and experien
ces publicated in world's speleoliterature by well-known personali
ties in last years inspired the Technical Comission of Slovak 
Speleological Society to know deeper the JUT A properties. 

The tests felt into 2 main parts: 

1. To follow+ measure the change of some properties: Static 
strength, weight , flexibility, elongation when 80 kg loaded, ability 
to absorb a water, it all after used in different cave conditions. 

2. To follow some dynamic properties of ropes. Their ability 
to absorb the kinetic energy developed by falling a human body 
and degradation of the property after use of ropes in general 
caving . To find a steel-mass of wight , truelly simulating that of a 
human body, and to find the shockforce growth at FF 2 in falling 
to different lenght of ropes. 

It was impossible to compare the Czechoslovak ropes with 
the world marks, because of financial limitations. The price of 
tests on amateur basis was still rather high . 

I can mention, as interesting , we had 20 pieces of ropes in 
tests of different lenght with length total of 1197 meters and we 
climbed 29410 meters on them in real cave conditions. It was all 
registered what happend with ropes during the tests . 

Ropes of JUT A mark: 

Czechoslovak climbing ropes are made of polyamid fibre of com
mercial mark CHEMLONKORD® manufactured in the national en
terprise CHEMLON Humenne on the polymerization base of 6-ca
prolactam. Their fineness is 1880 dtex f 272 (1700 den), strength 
is 794 mN/tex (9 p/den) and elongation is 18,5 ± 2 %. This polya
mide cord is final processed in the national enterprise JUT A Dvur 
Kralove nad Labem on rope in factory Bolatice. The ropes are 
manufactured with 11 mm diameter, of 30, 40, 45 and 60 meters 
legths, and 9 mm diameter (like half ropes) in lengths of 45 and 
80 meters. The Czechoslovak standard disapproves sale of the 
climbing ropes of other lengths, or drum coiled, as standard elsw
here. 

Properties stated by producer: 
0 11 mm - static strength 14700 N, elongation 18,5 %, weight 

75 gr/m. 
0 9 mm - static strength 11760 N, elongation 18,5 %, weight 

65 gr/m. 
Both kinds of these ropes are manufactured in two types 

which are not distinguished at sale. 
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Uu.UHd rope• 15. - 16.3.1983 15. - 21.5.1984 21. 1. 1986 

a 9 2a. 9 
1982 

9 9 2. 9, 
1982 

10 11 
24. 8, 

1982 

11 9 
13. 12 

1982 

12 11 1.12 
1982 

13 11 11 .12 
1982 

15 a 1.12 
1982 

16 a 
1.12 
1982 

. 
II 

" & 

! • "" 
68,5 

67,5 

78,8 

65,2 

72,7 

72,3 

49,2 

51,2 

5,2 

5,3 

3, 1 

5,3 

2,7 

2,7 

3, 1 

3, 1 

a 15250 15870 5 14 2 0,99 80 " 1~~~ 12200 
6 14700 15200 5 20 1 1,3 88 " 12Q'i0 1~i9i 

9 25000 25350 9 42 3 1,62 72 ! 1814 is" 1 680 

6 11900 13380 4 22 2 1,45 102 " 99 " 12120 13230 

a 21650 22880 2 a 1 0,54 70" 73 " 15130 16620 

a 21300 23060 4 12 1 0,74 94 " 91 " 19940 20910 

6 11800 12050 72 " 75 " 8470 9090 

6 11800 12050 71 " l~'"~ R.f.10 

14 44 5 3,01 70, 1 1§~~5 4,6 22 89" 87 " 71 " 75" Permaneu.t 
1'3620 1'3810 10850 11910 1n water 

13 45 4 2,96 66,5 1i~3 5,3 22 77 " 81 " · Ollly ou.e 
11150 12260 eu.d·hn.ru, 

a 4,68 81,6 1 36 2,6 27 57 " 63 " 61 " 67 " Geu.eral]J 21 91 1h.2 14200 15890 15580 17126 used 

67,4 1,6 83 " 79 " 78" 72 " Geu.eral]J 11 50 4 3,41 .. 9 3,8 30 9940 10550 9300 9613 used 

2 2,94 83,5 1 3 1,6 55 68 " 66" Permaneu.t 
5 49 16a.6 14750 15242 muddY 

9 37 2 2,77 ao,3 2,1 37 79 " 83" 11.ored dl."f 16900 19120 
Le:tt 1Jl 
atmoapher. 

2 o,66 53,7 3,1 65" 69 " Pe:rmaneu.t 1 10 7670 8290 muddY 

17 a 1.12 50,7 3, 1 6 11800 12050 68" 74 " 5 24 2 1,56 53,6 3,6 26 73 " 75" 70,: 74" Permanent 
1982 7990 8910 8670 9080 8250 8930 in water 

0 a 1 .12 
48,8 3, 1 6 11800 12050 94 " 102 % 

3 101 " 104 % Unused 1982 11130 1V40 6 11950 12570 

,RopH used 1Jl qDSID __ i_o ..... t_e_s_t_s~-~----------1.c:2=--3;:..• .....;1.;.1=--• ,..;1c..:c9.::.86.:..i 
26..,a 

1a 9 19a3 a 35 2 2,01 
26. a 60 19 9 1983 12700 135 16 65 3 3,93 

20 11 
3
~98~ 14 55 5 3, 7 

21 11 30
19"5

8
3 ~1500 22950 14 43 3 2 91 ,__.,.__._ ___ __. ____ .._"'_..---. __________ ...., __ ..__ __ • _, Table 1 -Results of static tests 

The ropes of 0 11 mm have a gently twisted core of 21 
strands and the mantle is of 23 strands, 2 of which are different 
in colour (control strands). The ropes with coloured mantle (Photo 
1, rope No. 1, Table 1, rope Ev. No. 10), red or blue, are more 
free in kni t that 's why there are more flexible and don't twist like 
the wh ite ones (Photo 1, rope No. 2, Table 1, ropes Ev. No. 12, 
13, 20 and 21) which are tougher. -See Table 1, knottest 21 Jan 
1986. 

The structure of the 0 9 mm rope, higher quality (Photo 1, 
rope N.0 3, Table 1, rope Ev. No. 8), is finer. The core is double, 
of 2 knitted elements, from 25 strands (13 + 12). The mantle is 
from 32 strands , from which 1 is coloured (the control one). The 
control strand of 9 mm diameter and 80 m length ropes is distin
guished in colour for every half of the rope (usually blue and red). 
The other kind of 0 9 mm rope (Photo 1, rope No. 4, Table 1, 
ropes Ev. No. 9, 11, 18 and 19) has also the double core but 
from 2 disproportionally knitted elements of 20 strands ( 12 + 8) 
+ 1 free strand in the core. The mantle is knitted of 24 strands, 
one from which is control. The difference between these ropes 
results from different production technologies (different knitting
mach.). 

The industrial ropes (Photo 1, rope No. 5, table 1, ropes Ev. 
No. 15, 16, 17 and 0) are in Bolatice's factory JUTA made from 
the same material and on the same machinery like the climbing 
ones. That's why it is possible to compare the processes of 
degradation in industrial and climbing ropes. We were choosing 
them because of more appropriate price. 

Static tests: 

Were baser! on the strength of knotted rope at measurements. 
It 's a real irr:age of the strength in practical use. All the samples 
were knotted by right eight-figure knots at static measurements 
(Photo 2) which are stronger than the left ones (Right eight-figure 
knot is when the loaded arm curves top, at the outer side of the 
knot) . The samples were torn by velocity of 25 mm/min. at static 
tests . 

Explanatory notes for Table 1: 

- Knottability based on «TISO» principle. 
- All unused ropes were measured after stabilization . It means 

after 24 hours of wetting in water, followed by 9 days dryjng . 
- Average strength is always the arithmetic mean from 6 

samples. If unused ropes, it is of 5-13 samples. 
- The percentage always concerns the rope unused. For 

example: The weakest sample to the weakes, the average 
strength of unused rope. 

- The degree of use stated in tonmeters per 1 meter of rope. 
For example: If a group of 3 members used 68 meters from 80 
meters long rope for descendind and for climbing of 60 meters 
deep pit , then the degree of use will be 0.204 tm/m. 

Lx .m.n 
k=----- __ 68_. o_.oo_. 3_ = 0,204 tm/m 

80 

k - degree of use in tonmeters per 1 meter of rope 
Ix - length real of the rope used 
m - weight of cave-man 80 kg = 0,08 t (constant) 
n - number of cave-men 
I - length total of used rope 

Anomalies in the Table 1: 

- The rope Ev. No. 9 was always used only from one end <D. 
There was a bond knot at the other end @ sometimes, but it 
was never loaded. The state strength of singled ends is: 

<D - the weakest sample 11350 (77 %), average strength 11736 
(77%) 

@ - the weakest sample 12120 (82 %), average strength 12793 
(84%) 

- There' is a considerable strength difference between ropes 
Ev. No. 9 and Ev. No. 11, which are of same construction. The 
weakest sample of the rope Ev. No. 11 , which are of same cons
truction. The weakest sample of the rope. Ev. No. 11 is weaker 
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by 19 %. It's possible to explain it here by poorer quality of the 
half-finished product from which was made or eventually , by impro
per storage. 

- The difference in weight between ropes Ev. No. 9 and Ev. 
No. 11 is not explained . The eror in measurements is disclosed . 
The drying was going on, for 9 days with other ropes . 

- The higher strength of the wet rope Ev. No. 10 treated on 
21 Jan 1986 could be caused by its short wetting (6 hours). The 
other wet samples were torn after 3 days of wetting . 

- The rope Ev. No. 17 disclosed from testing in 21 May 1984 
from safety reasons . 

- Growing strength of the rope Ev. No. 0 is caused by proper 
storing . It was stored in dark and dry room of constant temperature 

(15 - 20°C) . 

Dynamic tests: 

What concerns the methods comparable we regret to say 
that: The rope 0 11 mm could not stand even 1 fall UIAA. The 
rope 0 9 mm stands perphas 1 fall UIAA and perphaps 1 from 
2 samples may stand 2 falls (The UIAA tests were performed by 
the rope producer) . 

The concept of dynamic tests was as follows: 
We bought 240 meters of ropes of 0 9 mm and 240 meters 

of ropes of 0 11 mm with the same date of production (the 
identical half-product) and we divided them into two halves . We 
used the first half for general speleology actions and we punctually 
registrated all the happenings about them . The second half under
went dynamic testing on 3 Dec 1983 and 14 Jan 1984, as follows: 

We measured the shockforce at fall of a human body of 3 
weight categories (60,8 kg , 80,8 kg and 85,5 kg} into 1 meter 
long sample of rope at fall-factor (FF) 0,5; 1; 1,5 and 2. Every 
trial was repeated 5 times. Measured were 60 real falls into the 
rope of 0 9 mm, and other 60 falls into the rope of 0 1 mm. We 
must have stopped the measurements at 93 kg because already 

■ - body or lb.olc :roroe in N. 

" ■tHlHigh 

3 
Rope, 9 ... Rope , 11 DW " ~ N - new rope 

1. 2. Skel J. 1. 2. Skel J. 
~ U - used rope High 111eigh weigh1 weigh !weigh weigh High weigh ... oat. oat. oat. cat. oat • oat. 

,. 
60,8 eo,e 82 85,5 6J 8) 82 85 pp N 2932 4147 5510 3760 JJ67 4021 7427 4273 

0,5 ID 63,5 eo,e 81 ea 62 81,75 81 88,3 
u 24'l1 2940 3722 1)09 3120 )760 4761 )879 
ID 60,e eo,e 82 85,5 6) 8) 82 85 

n N 3709 5494 8234 57)5 4693 5491 10624 5891 
1 ID 63,5 eo,e 81 88 62 81,75 81 88,J 

u )059 4121 5727 4712 )862 4722 6718 4920 
ID 60,e eo,e 82 85,5 6) 8) 82 85 

n N 4538 6164 10375 6946 5475 7304 12596 7515 
1,5 ID 63,5 eo,e 81 88 62 81,75 81 88,) 

u 4169 5284 7230 5237 4705 5650 9549 5756 
II 60,e eo,e 82 85,5 6J 8) 82 85 

n II 5124 82)5 12265 8266 6JJ2 8521 15944 8187 
2 ID 63,5 81,75 81 88 62 81,75 81 88,J 

u 5066 6442 8518 6)66 5)12 6881 11110 6828 

_C..trol meaaurement■ with tied knot■, 
II 81 n N 1479) 

1,5 II 81 
u 11820 
II 81,75 88,J n N 7918 8752 

2 II 81,75 81 88,J u 7715 wu broke 14715 8704 

llultiplioity e:t ahook:toroe.,.,.wth a~ n 2 - new rope -
Peale :toroe■ 'ff2 5557 8670 12265 8)84 6432 9514 16)48 8626 
llulUple No, I 9 J2 10,9 15,2 10 10,4 11,7 20,J 10,J 
llultipl1oit7 o:t ahoGk:toroegrow1;h at n 2 - uaed rope= 

Peale :toroe ■ 'ff2 5)98 6577 8590 6474 541) 708) 11271 7049 

lluUiole No. 8.7 8 2 10,8 7 5 8,9 8 8 14,2 8,, 

Table 2 -Results of dynamic tests -average values 
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Graph 1 -Growth of shockforces versus FF in 3 (body) weight categories, and with 
one steel-block weig!Tt category. Rope of 0 9 mm. 

at FF 1 the shockforce reached 6160 N and the voluntary «jumper» 
refused to continiue. We made 3 measurements also with steel
block weight 82 kg . Whole cycle was repeated (the cycle of the 
measurements) after two years (23 Nov and 14 Dec 1985) with 
the same persons on the first half of the ropes, which went 
through general use in speleology. This part of tests was led by 
Jozef Filas from Technical Academy in Kosice. 

Measurements conditions: 
A load cell was fixed by a Maillon Rapide 7 GO and i>Y 

meter long steel rod of 30 X 6 mm on one ferroconcrete post of 
portal crane in the hall CU of Cement factory Turna nad Bodvou . 
This fixation approximately gave us the static unit as in caving con
ditions. 

The cave-man was fixed to the load cell by 1 meter long 
sample of the rope also with the Maillon 7 GO (by karabiners 
Walter 3000 with lock nut, in 1985). Measuring sample, two eight
figure knots including, was 1 meter long ± 2 % after static load 
by jumping person (steel-block) . One knot was always L.H. and 
tightened from previous trial. Second , R.H. eight-figure knot was 
tightened only with static load (weight) either of a man or steel
block. The lenght tolerance was strictly adhered to. Measuring 
sample was connected to central anchorage of the cave-man 's 
sit-harness. This one was united with chest-harness and with 
independent life-rope in case of failing measuring chain. A control 
of fall height was made by measuring-tape. A jumping man jumped 
alone on preliminary signal of the oscillograph attendant (Photo 
3) . Recording tape rate of ocsillograph was set to 16 m/sec -
50 m/sec. 

In Table 2 and Graphs 1 and 2 only averaged values are 
given . The details results are too extensive for this report. 

Perceivings at dynamic tests. 

The most important perceiving in the second circle is the 
finding that there are lower shockforces in used ropes occ14Jing. 
Though calculating the force losses would be greater when knots 
lighted up on less flexible used ropes , higher shockforces for the 
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Graph 2 -Growth of shockforces versus FF in 3 (body) weight categories, and with 
one steel-block weight category. Rope of 0 11 mm. 

second series were expected. After the finding we performed 
some control measurements on samples with both knots tightened 
(samples part 1 fall FF 2). These measurements showed us to 
that in the used ropes are smaller shockforces! 

In the future we shall measure decreases in shockforce with 
0 11 mm rope. 

Two samples raptured at forces of 10243 and 10648 M, when 
dynamic testing the samples of new 0 9 mm ropes with steel
block weight 82 kg. In the 2nd series we measured the shockforce 

1 2 3 4 5 

Photo 1 -Ropes of JUTA mark 

of only 8805 N at the measurements with the same rope but 
used, and no sample raptured! 

We took 4 samples for static breaking strength measurements 
after rapturing the samples of new rope by forces 10243 and 
10648 N. The average static breaking strength was 13560 N. It 
must be realised that the rope shall rapture at about 25 % lesser 
value of the dynamic loading . 

In dynamic tests sit-harneses of Czechoslovak construction, 
type KOMBI were used. The experiences with sit-harness type 
Petzl C 15 CROLL were so painful it's not possible to imagine 
anybody could survire more falls FF 2. 

The fall is less painful when sit-harness is faster tightened on 
body. 

It's very necessary to take into consideration the numbers 
form lower part of Table 2 with multiplicity of shockforce growth 
at FF 2 as compared with the mass of a cave-man. Especially 
at buying your personal equipment (helmets etc.). It's multiple 
number near 10 for new rope. It means if you have a helmet of 
2 kg on your head so it will be like 20 kg at falling FF 2 into 1 
meter rope only, and you can well break your neck. It's necessary 
to have a lighter equipment (Petzl Ecrin 900 gr.). 

We must be very careful at jumps. There was 9510 N max. 
force measured at falling of human body, but the dynamic tests 
were not «kamikaze - kind» (like said one critic) . That could be 
very interesting subject for psychology too. The jumpers quickly 
altered situations of shock, stress and selfcontrol at falls FF 1,5 
and 2. Hardly anybody can achieve it and that's why I want to 
mention the names Peter Perlfk from group Jasov and Peter Tar 
from group J. Majku .lt would be worthwhile for every ·cave-man 
to give it a try, and to learn from the experiences to exercise 
more caution when caving . 

Discussion. 

The static tests lack some those criterions that are suggestive 
of a rope performance. The author is aware of some shortages, 
e. g. small number of samples, improperly balanced rope usage, 
the sampling chronology. 

There are some financial, but also time, and organizatory pro
blems, which are in amateur conditions so difficult to estimate. 
Despite the shortages the level of losses in properties or, even
tually , of property change, come clearly visible, due to precise 
life-keeping in particular. 

The degree of use mentioned, though it is by no means an 
exhaustive one, in the sense we introduced, and with an integrity 
of multi-factorial attitude, may be a more explanatory one. From 
among the important degradation factors , i. e. number of use, 
number of washings, degree of use, watter, cave-mud, etc., derive
albe are the relations which, post computer-processed, could be 
indicative of degree of wear of rope, all without any need for 
expensive, complicated, practical testings. 

Also dynamic testing shoved some defficiences, mainly due 

Photo 2 - Static tearing of rope sample 
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to subjective approaches to knotting and to rope jump techniques. 
The number of measurements taken disables plotting sufficiently 
balanced force growth curves . Nevertheless, we can at least have 
some hint on the problem, and , though approximately at least, 
we are able to state the steel-block weight simulating a human 
body weight of 80 kg. See Table 3. 

0 9 mm 0 11 mm 

New rope 57 kg 43 kg 

Used rope 61 kg 55 kg 

Table 3 -Steel-block weigth simulating a human body weight of 80 kg (in text) 

Because of only a simple series measurements performed , 
the data of Table 4 are only of informative nature. 

ilaed rop•1-----....-..::.s1;c:.::•..::.•l:::,....::•.:.:•iah=t..:.-::...52J-2~k:,,Sc____.. _____ --1 
BT.No. 11 Rope length 1 m 1 5 2 2 5 

, 9 aw , J'oroe ff 2 6889 7514 7827 8140 

) 5 

81 0 

Table 4 - Increase of shockforces at steel-block weight of 52,2 kg, FF2; 09 mm 
used rope, as dependant on the rope length. 

Conclusion. 

The testing perfomed was the most extensive one at climbing 
ropes of JUTA mark, used in caving . There is a high degree of 
degradation of them , by influence of weather, water, cave-mud, 
manipulation , abrasion and knot-loading . There is no decrease of 

Photo 3 Preparation for fall FF 2 1ump 
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strength if there is proper storing , prefferably in dark and dry 
room , and at 15°-20°C temperature. 

Dynamic tests shoved the ropes have better ability to absorb 
the kinetic energy after being used than the new ones. 

The ropes of 0 11 mm are satisfactory for use in SRT caving 
for long time and at intensive loading , too. 

Ropes of 0 9 mm are not recomended for use in SRT caving . 

References 

COWLISHAW M. 1977: The Shock Strength of Ropes for SRT 
- British Cave Research Asssociation 18, November 1977 

EAVIS J. A. 1974: The Rope in Single Rope Techni::iue Caving. 
- Transactions of the Bristish Cave Research Association, Vol. 
1, No. 4, Dec 1974 

EAVIS J. A. 1980: UIS - Bulletin No. 1 
KIPP M. 1979: On the Practical Strength of Kernmantel Ropes 

-Caving International Magazine No. 5, Oct 1979 
KRCMA 1976: Degradace textilnfch via.ken a ochrana proti nf 

-SNTL Nakladatelstvf technicke literatury Praha 1976 
MARBACH G. ROCOURT J. L. 1980: Techniques de la Speleologie 

Alpine -Technique Sportives Appliquees, Choranche 1980 
MARBACH G. 1982: Cordes Statiques et Securite - Spelunca No. 

7, Jul 1982 
PILLER B. LEVINSKY 0 . 1982: Mala encyklopedie textilnfch mate

rialu -SNTL Nakladatelstvf technicke literatury Praha 1982 
SMITH B. J. 1980: Rope Review - Caving International Magazine 

No. 6 and 7. Jan and Apr 1980 

Photo 4 - The hundreds of samples destroyed during /he tests 



IMMERSSIO 
INMERSION 
DIVING 

1895 

The «Tunel de la Atlantida» (Lanzarote). 
Exploration Methodology. 

RESUM 

J. Bedoya, J.L. Fernandez, J.L. Garcia, L. Lapido, F. Lucero, J. 
Medina, F. Molinero, L. Ortega, C. Portilla, F. Seguro. 
Asociaci6n Deportivo-Cultural S. T.D. 

Durant el mes d'agost de 1984 i de 1985 la secci6 d'immersi6 espeleologica de/ grup S. T.D. dugue a terme l'exploraci6 de/ 
Tune/ de l'Atla.ntida. La maxima longitud aconseguida fou de 1.750 m, /Joe on la cavitat es troba a 60/70 m. de profunditat. 

En aquest treba/1 expliquem la tecnica i el material utilitzat en aquesta exploraci6. 

RESUMEN 

En el mes de agosto de 1984 y 1985 la secci6n de espeleobuceo de/ grupo S. T.D. /lev6 a cabo la exp/oraci6n de/ Tune/ de la 
Atlantida. La maxima longuitud alcanzada fue de 1.750 m. en donde la cavidad tiene de 60/70 m. de profundidad. 

En esta comunicaci6n explicamo.c: la tecnica y materiales empleados en esta exploraci6n. 

SUMMARY 

During August 1984 and 1985 the speleodiving section of the S. T.D. group, carried out the exploration of the Tune/ de la Atlantida. 
The maximun length reached was 1.750 m. where the cave has 60/70 m. depth. 

In this communication we explain the tecnic and materials employed in this exploration. 

Introduction 

The «Tunel de la Atlantida» is located in the Jamee del Agua 
(UTM coordenates 28RFT527264, Army Geographical service map 
n.0 48-35 (1080). 

This cave form part of a long lavic tube whose total length 
is larger than 7 km. The tube begins at the base of the «Volcan 
de la Corona» and it goes toward the sea leaving in his way more 
than twenty downfalls (jameos) some of them of particular beauty 
(Jamee del Agua, Cueva de los Verdes). 

From the Jamee del Agua to the known end there is 1.570 
m. of submerged cave of which 1.270 m. go below the marine bed . 

The exploration of this cave began in 1972 when Guerra 
brothers reached 370 m. length. In February of 1981 an Italian 
expedition reached 410 m. Six months later Standard Group (now 
S.T.D.) came to 820 m. of lineal run. 

In 1983 a German-Northamerican group carried out the 
«Jameos del Agua International Expedition». The new mark 
obtained by them fixed cave record in 1.370 m. 

One year later, S.T.D. Association came to Jameo del Agua 
to study the fauna of the cave in colabortion with the Natural 
Sciences Museum of Madrid. 

Last year, S.T.D. came one more time to this cave to advance 
further in the cave exploration. They reached 1.570 m. length and 
60 m. deep. 

Material 

The principal technical difficulties that this cave present, 
consist essentially in the absence of ligth, great periods of 

permanency under water and the progressive deep increment 
that reach his higher point at the further distance known. 

The great times of immersion oblige to consider light absence 
and air supply as two related problems. First, lack of light was 
palliated using lanterns with reduced size and weight. This 
lanterns have two hours of autonomy each, and four were carried 
by each Speleodiver. Diving bottles of 15 I. and 300 Kg/cm2 were 
used for air supply. The bottles were joined in tandems of four. 
Int his way each diver disposed of 18 m3 of air, which permited 
to move int into the cave with a large safety margin. 

It was intended, within the possible, that bottles migth be 
total independent to control possible damages. 

We had propulsors vehicles to advance in stalled pieces. 
To avoid the danger that a long descompression present, we 

have· designed and made a receptacle similar to a bubble where 
water absence allow a dry and relatively comfortable environment 

, to the divers. 
Other current diving and surface support material were used. 

Exploration methodology 

A submersed cave exploration need a method to reach the 
higher efficiency with a minimun of risk. 

After a general program was established, a detailed working 
plan was prepared everyday for the next day immersion. 

The first few immersions were devoted to two works 
simultaneously. One of them was to examine the guide cord 
installation and to install a bottle each 200 m. These bottles were 
prepared to prevent unusual air spend. They were deposited at 
200, 400, 600 and 800 metres. 
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The other was the installation of the descompression «bubble». 
This was a spherical structure constituted by seventeen stell tube 
pieces that were fitted under water. The «bubble» was open of 
the bottom in order to let the divers pass. Water proof was 
attained by mean of a plastic which was attached to the metallic 
structure by a nylon net. 

Water absence provoked an ascendent force of 4000 Kg . 
aproximatly. To strike back this force we had to anchor the 
structure to the soil and roof. 

Under the «bubble» air and oxygen bottles were deposited to 
descompression. 

Seven days later the exploration began . The 1370 first metres 
were effected with propulsors vehicles. In this way, diver air 
consumption was low. In this part of the tunnel, guide cord had 
been installed at 820 m. by S.T.D. in 1981, and by the «Jameos 
del Agua International Expedition» from 820 to 1370 m. in 1983. 
Our guide cord had a mark each ten metres which gave to divers 
enough information to know at any time were he was. This 
installation was made in 100 m. pieces and the cord was carried 
in a little bag. Meanwhile one diver tied an auxiliary cord to the 
substrate, the other one tied guide cord to that. 

From 1.370 m. to 1.570 m. the tunnel was unexplored and a 
new cord was necessary. This was finer than 1981 and without 
location marks. The mode of installation was by means of a 
turning reel with 200 m. of cord. 

As a safety basic role, air consumption was apportie in a third 
part to advance, another third to return and the rest as safety 
margin. 

Descompression 

Cave morphology and the last exploration point distance, had 
conjetured more than five hours of descompression, according 
to American descompression tables. This was too much time 
under water implicating a cold incident to divers. The solution 
was to search for low descompression time and minimed under 
water permanence. 

First objetive was obtained employing oxigen at 6 m. and 3 
m. descompession pauses. We have also employed a 
microcomputer (ITT-XTRA) to calculate «in situ» descompression 
times by means of an adecuate mathematical model (the 
employed to obtain the French Professional tables). 

The methodology employed was: 
Maximal times were assigned to surpass a series of deep 

0 JOO 200 

points in cave known zones, datas already possesed through the 
preparatories immersions (30 and 50 m. deep). 

It considered three exploration times cases with 60 m. maximal 
depth. Lastly It was assigned a maximal time to 33 m. point and 
first descompression pause arrive. Divers should not surpass the 
stablished maximal times and they should adjust their immersion 
to any of the three exploration times cases. 

Divers should note the time employed to reach 33 and 50 m. 
depth, the time that they stayed deeper than 50 m., the maximal 
depth value and the time they employed to arrive to 33 m. and 
first descompression pause in the return way. 

A support group waited the exploration equip at 120 m., 25 
m. depth to gather exploration data. 

These data were introduced in the microcomputer and 
descompression pauses times were obtained. 

Afterwards, support equip gave descompression values to the 
exploration equip. 

Exploration immersion length was 7 hours and 50 minutes. 
2,20 hours were employed in the exploration, 3 hours under water 
descompression and 2,30 hours into «bubble» descompression. 

Discussion 

Due to the length and deepness reached in this cave would 
better to used gases mix. In this way descompression times 
should be disminished. 

It verified that exploration efficacy at distant points goes in 
safety detriment because guide cord with no location marks and 
his installation may have less substrate attachs. 
Lastly it was verified that descompression «bubble» is needed to 
next exploration immersions is this cave because a long time can 
provoke cold incidents. A similar function can attain if constant 
volume rubber suits were employed . 

The cave dimmensions remain without considerable changes 
in all the explorated run , and cave end is still unknown. 
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