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Abstract

Sea-level pools are found in most of Bermuda's known caves. Although the terrestrial fauna of
the caves is sparse, a rich aquatic fauna inhabits the pools. \Vhilc many of the marine cave animals
are more or less regular immigrants from open littoral habitat." a number of new species have
been discovered, including blind and probably subterranean ones. Zoogeographical connections
.exist between Bermuda's cave fauna and those of the \Vest Indies and the Mediterranean.
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The Bermuda Islands consist of Pleistocene and Recent marine and eolian lime­
stones capping a mid-ocean, volcanic seamount. The seamount was formed oy two
volcanic eruptions: the first, coincident with the fOrllmtion of the surrounding sea
floor, about 110 million years ago, and the second, which deposited a substantial
portion of the volcanics, 33 million years ago (REYNOLDS & ArMENTo, 1974). The
oldest carbonates probably date back to the Nebraskan Pleistocene (SCHENK. 19n).
Calcarenite layers in rolling hills extend from 79 m in elevation down to the top of
the weathered basalts at an average depth of 75 m below present sea level. Additional
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inforlllation on the geology of Berluuda is available ill several reports (LAND et al ..
1967; I.JAND & ~IACKENZIE, 1970; UPCIIURCII, 1970; ~lACKE~ZIE & VACHER, 1975).
Berilluda is situated about 1000 kITl east of the North .Alllerican Coast and has never
been part of a continental land lllass.

The Berllluda calcarenites have been exposed to fairly intense karstification.
Thcre are about 100-200 known caves; Inost of thcIlL SOllle tens of Ineters long.
~Iany of the caves contain tidal salt water pools which extend, as evidenced by
diving, at least as deep as 24 111 below sea level. 'rhe age of t.he oldest caves, those
located in the Walsingham Lilnestone Fornlation, i~ -probably early Pleistocene
(FORNEY, 1973; HARMON, 1974; PALMER et al., 1977; ILTFFE, 1978; lVIYLROIE, in
press).

The geographical isolation of BerlIluda over its entire geological history, coupled
with thc fact that only nlarine-derived fauna are available for colonization of sub­
terranean habitats, rnakes these karst islands an ideal sinlplified systern for in­
vestigations of thc taxononly, ecology, colonization, evolution and zoogeography of
cave fauna. rrhe observations reported here are the results of a short-tern1 investiga­
tion, preceding a planned, larger scale faunal survey of the eaves. In spite of the
prelilninary nature of the data, we feel that the signifi~ant observations Blade so far
justify their publication at this tinle.

2. Terrestrial Habitats

The air-filled portions of Bermudian caves are characterized by fissure entrances
and irregular chalnbers floored with large breakdo\vn blocks or surface derived soils.
Large parts of the cave walls, ceilings and floors are covered by dripstone forlllations.
Despite the absence of permanent strealllS in any of t he eaves, all part s of the in­
teriors are kept nloderately wet by drip waters. Although telnperature conditions in
Berllluda's caves have not yet been studied, they are probably close to the annual
lucan average air tenlperature of 21 °e.

2.2. 1/'ood Inl)ul and ETiergel/cs

The dry parts of Bernluda's caves appear to contain very little organic Blatter.
~rhe clay deposits are of uniforlll color. Even near brcakdo\\ln \vhere cracks to tht>
surface 111ay occur, there is little or no organic debris. r:rhere are no anilnals in the
caves \vhich could serve as carriers of food, since 13ernulCia laeks eave-inhabiting bats
(\1AN (~ELDER & WINGATE, 1961), crickets or other ecologically siulilar anitnals. SOI11e

organic Blatter luay enter the caves as part of t he surface derived soils.
In several of the fornler cOllllnercially operated or better kno\vn eaYes, \vooden

debris carried in by lllan is found close to pathways. Ho\vevcr, such n1aterial is of
recent origin and thus has no significance in the history of true cave fauna.

Telllperatures in Berllluda's caves are higher than t hose in the faunistically rich
:European caves. Since luetabolic rate increases \\lit h tenlJlPrat lIre and since foo(l
supplies are lo\v in the terrcstrial parts of 13ernHHla's caves, the locally unfavorable
ratio of food stock to llletabolic rate rnay account for the scarcity of terre:.;;t rial fauna.
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2.3. Fauna
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Currently eight animal species have been found in t he terrestrial habitats of
Bermuda's caves (Table 1). The animals are distributed very sparsely in the caves,
although there are aggregations of some, mainly OrthoINoFplw and Schizoi/l1ls, in the
rotten wood brought in by man. Flies and cockroaches were collected frol1l baited
pit-falls in even t he most remote parts of the caves. It is very significant that no adult
cockroache,'; have been found within the caves; only juveniles of less than 10 nllll in
length.

Table 1. Terrestrial cave fauna of Bermuda
--------------~----_.. --~_._-~--_.-

Schi:olllus portoricensis CHAMBERLIN (Schizomida)
.11 iktoniscus sp. (Isopoda, Trichoniscidae)
Lithobius percgriuus LATZ. (Chilopoda)
Oriholllorpha gracilis C. L. KOCH (Diplopoda, Paradoxosomatidae)
Spirostrophus narcsi POCOCK (Diplopoda, Pachybolidac)
l/allscniella sp. (Symphyla)
Periplallcta amcricana L. (Blattaria)
Phoridae g.sp. (Diptera)

2.4. Origin 0/ Terrestrial Faul/(/

The isopod. 11fikloniscus, is represented in our material by only one female speci­
men, so that its cxact taxonomic position is unclear. All ot her animals can be con­
sidered as edaphic (soil inhabiting) rat her than su bterranean. The dist ribution
patterns of all specimens identified to species show that t hey possess some biological
peculiarities which enable them to form an aggressive dispersion; at least some of
t hem are synanthropic. Orthomorpha is widely distributed ill the tropics and subtropics
as well as in synanthropic habitats, even in temperate zones. Sp1'rostrophus has
a disperse distribution in South America, Indopacific islands and the Antilles (MAI:­
lUES, pel's. comm.). Schiz011lus portoricensis has a wide dist ribution throughout
Central America, including the West Indies, on the surfacl' as well as in caves (Row­
LAND & REDDELL, 1977). As found by ROWLAND and ItEDDELL, only the surface
population in the nuclear parts of this area are bisexual. It is obvious that the partho­
genetic abilities of some females enabled the species to invade such a large area, includ­
ing many islands and unfavorable habitats such as caves. All of the approximately
one dozen specimens of SchizoU/us found in Bermuda's caveI' are female.

The above data indicates that the terrestrial habitats in Beflllllda's eaves were
originally an empty niche which has hecome inhabited hy COllllllOIl edaphie aninlals
in very recent times. At least some of these species ha ve bct'n hrought to BcrlllUda by
man.

3. Aquatic Hl1hitats

3.1 Hydrograpldcal alld hydr%f/irlll rO)lrhtioll8

Most Bermudian eaves have large, formerly air-filled port Ions. now drowned hy
sea water: somet imcs wit h a thin brackish layer at the surfan'. TIl\' phreatic zone under­
lying karstic areas of Bermuda consists of slowly movillg or stagllant watf'r. while the
t hickncss of the fresh viz. brackish layer must depend on local and/or t elll porary
meteorological and geomorphological condit ions. Very diff..rent conditions arc heliev-
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ed to have existed during periods of Pleistocene glaciation. Cave fornlation occurred
during lower stands of sea level (to - 100 n1) when nlost of the top of the Berlnuda
platfornl was above sea level and the exposed land area \vas up to 1:~ tilHes as large as
it is today. During those tilnes, much greater quantities of fresh subterranean \vaters
\vcre present, significantly increasing the rate of Ji lllc:--;tone dissolution.

Special conditions exist on the isthnlUS between Castle Harbour and Harrington
Sound, where Inost of Bermuda's known caves are faun d. j\ hout 50n 0 of t he tidal water
exchange of Harrington Sound has been calculated to occur through underground
passages and sedinlents (MORRIS et al., 1977). These calculations are indirectly confirn1­
ed by the hydrological conditions in the caves as \vell as by the visible subterranean
water exchange froln caves along the coast of Castle liarbour. rrhus, in such areas of
BerIlluda, an intensive transport of subterranean \vaters takes place.

"fable 2. Salinity (8) and telnperature (T) profiles froll1 sea level pools of BerIlludian
caves during May 1979 (single IneHsurcnlcnts).

Admiral's Walsingham WalsinghaIn Roadside Bat Shop
Cave Cave Sink Cave Cave Cave Cave

Depth S T S T S T S 1" S 'f S T
(~~) (OC) (%0) (OC) (%0) (OC) (%0) (OC) (°00 ) (OC) (~()II) (OC)

Surface 3.6 30.8 31.7 :l2.5 10.2 1:t:~

19.5 15.3 17.3 19.9 20.2
10 eIn 8.8 30.8 :l1.8 :{2.{j 1t.H 15.1

19.0 15.3 17.2 20.1 20.0
50 ell1 21.8 32.5 33.1 32.5 15.6 19.0

20.4 16.2 18.0 20.2 20.7
-100 eIll 25.9 35.8 35.4 :1:3.0 21.6 2:3.8

20.8 17.8 19.5 20.:> 20.7

SOIne preliluinary IneasurClnents of salinity and telllperature have been Blade in
the cave \vater coltulln to depths of 1 III (Table 2). In caves in the vValsinghanl area,
located in the northern part of the isthnHls bet\veen Castle Harbour and Harrington
Sound, the water at the surface of the pools is only slightly diluted and reaches norlnal
Inarine salinity (35-36 ~()O) at - 1 Ill. In addition to t he caves, SOllIe open anchialine
pools of collapse origin also exist in the Waisinghani area. Obviously, this is an extreul­
ely karstified area with strong underground tidal currents and thus rapid water
exchange.

:ftluch lo\ver surface salinities were found in the pools of SOllle caves adjacent to the
\Valsinghanl area, where even at - 1 Ill, the salinity \vas only 20-26°00' The extreluely
lo\v chlorinity (0.:30 0/00 ) of Freshwater Cave is achieved indirectly through the air, as
t he pool is situated about 7 111 above sea level.

The tenlperature data frOIH a single series of lllcaSllrClllents do not provide llluch
infornlution. T'he oxygen content of the cave \vater~ have not yet heen Ineasured.
Based on observations of the caves along the y"ugoslavian Coast (SKET, lH77), dissolv­
ed oxygen concentrations can be presullled to be high in the caves in the Walsinghanl
area, but SOlllC\vhat lo\ver in the caves \vit h stagnant \vater hodies. l"'he input of food
in lllOSt ca ves is prinlarily derived fronl t he sea itself, alt hough open anchialine pools
Illay provide an additional source of food for the Sll bnlcrged ca ve~. Ho\vever, \ve have
yet to llleasure the organic content of the cave \vater~ or their sedilllcntary deposits.
The lack of anoxic conditions, even in stagnant pools, indicat es t hat, unlike \vhat
has been observed in Yugoslavian coastal caves (SKET, lfJ77), the input of organic
Illatter is relatively low.
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3.2. Collection of aquatic cave fa ilna

Collections in most of the caves were made using a longhandled dip net from the surfaee, which
did not allow us to get animals from depths greater than about I m. Some attempts with the
phreatological (Cvetkov) net were not very successful, as the waiL; of the cave pools are extremely
rough. In \Valsingham Cave. we did collect some specimens flOm depths down to 8 musing
:-;CUBA. Thus, the faunistic data for \Valsingham Cave are of a somewhat different character and
value. Principal caves sampled in the area between Castle Harl,our and Harrington Sound are
shown in Figure 1, while a list of the animals collected from cav,· pools is presented in Table :3.

Castle liaroollr

LE6ENP
1Adm/ral's Cave
ZWalsil7ff!J(Tm C(Tve
J Wal$/l7ffham $ll7k Cave
f;.Corset Cave
!5l?oads/de Cave
8ShopCave
78at Cave
8Neptll17es Cave
9Cave lioClse Cave
Itlrreshw(Tter Cave
11Fort ScoClr Cave
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/
/

I
I

I
I
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Figure 1. Location of biologically prospected (in IH78/1U79j caves in Bermuda.

3.3. Ecological condiho1/s v€'rsus fauna III 8(m/e ('11(/ ractcrz'sll(' ('!I1'es

\Valsingham Cave, situated 150 m from the coaRt, cOlltain~ a long pool of water
ncar the entmncc that is partially exposed to daylight. ~urfa('e salinities in the pool
reach ~O 111111' Even in dark sections of the cave, we found some littoral animals, includ­
ing the starfish Cosdnasterias, seemingly bleached out, and serpulids, Through a
tiO III long underwater passage, one reaches a large, eompletcly dark and partially air-
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'fable :~. Aquatic cave fauna of ])l'rlllllda

\Valsinghalll Caves (vValsinghanl, \Valsinghanl Sink, (~orset, and ]{,oadside Caves)

Fonuniniferida ~Iysida('ca

Triloculina sp. ~Iysidae g.sp.
Ollttulina ef. pfoblc'ma OHBIGNY CUlnaeea

Ciliata g.sp. lVaululs(U('U8 sp.
~pongiaria eu rllacea g.sp.

ef. SYCOII sp. Tanaidacca
Turbellaria - g.sp. Apseudes bermudeu8 B..\t'ESCV (deseribcd
Cnidaria - g.sp. frorn thi~ l11aterial as sp.n.)
Kalnptozoa - g.sp. Isopoda
XCIllertinea Atlantasdlus ((//'rrni(olu8 sp.Il., gf'Il.n.,.

cf. Oorgonorhyuchu8 sp. falll.n.
f;astropoda (to be d{'~('ribed by SKET)

Caecum heladum OLSSON et HARBISON ef. JaniJ'u sp. (blind; ll1anca)
Caecum lorna/Ulll VEIULL et BUSH Limllori(J sp.
(:aecunf, sp. A Anlphipoda
Caecuin sp. II Cocoha rpill ia ilzjj'ei G. !(AHAMAN

Ac(eocina sp. (deseribed frol11 this IllateriaI as sp.n ...
Polycheata gcn.n.)

Laonice cirrata SARS ldunella sketi G. }(ARA:\IAN (described
Polychaeta g.sp. (postlarva) froln this Inaterial as sp.n.)
~erplliidae g.sp. Gitanopsis pctlll(1l/8 C. I\..AHA:\IAK

J1 fsollerilla Sp.Il. (STEURER) (describe(l frolH this Inaterial as sp.n.)
CopepOdt1 Bogidiella lila rt iii i ssp. Il.

JiidgClcayia !ilafki EASTERLY (to be described by SKET)
[>seudocyclv}J8 sp.n.A (BO\Vl\fAN, pers. COllInl.) Pseudonipharg1l8 ef. adriaticu8 S. KAUA:\IAN

Calanopia anuJricana J)AHL ('f. B}riopisu sp.n. (to be described by SKET}

Calanoida g.sp. lugolfirllu sp.n. (to bf' described by SKET)

})a ra mphiascella robinson i A. HcoT'r :Eehiuodenll<l t a
Laophontidac g.sp. Chiridvla rolifu'(l PORTALES

Ostracoda C08cinas(I'rias ftllUispina L.
Bairdia (s.l.) sp.n. 7 (HARTMANN, pen;;, ('olnn1.) Ophilll"oida g.~p.

J)olycope sp. 'rlluicata
Propontocypris sp. Ecteina8c/"dia cunkli"i lIIill'ula BEHILL

~Iyodo('opidag.sp. Pisces g.sp.
Deca,poda - g.sp. (larvae)

Caves adjacent to \Valsinghanl
(:\chlliral's, Shop and 13at Cavcs)
Copepoda

Eurycyclops Sp.Il.

(to bc> described by PETKOVSKl)

~\Jllphipoda

Pseudon£phar!l1L8 cf. adrialicus~. l(.'\H.\-'L\t\

Cave House Cave
(~ astropoda

('(ZPClun plicatum CAHPENTEH

Cuccum /orllatum \l"ERll... L et BUSH

('([ccum sp.B

Xcptllne \~ enve

Polychaeta -- ~!.~p.

(10pepoda
Pseudocycllljl.'J' ~p.n.

(to hp des(,l'i bt'd by Bow-,I.-\ ~)
(falallopia rlJlI('t'/("{lJlfl DAHL

})araJ)/phiflscellfl robiJisoili A. ~COTT

~--'resh\\'ater (\1 ve

Copepoda
Cy('lnpld,l(' f!:-'}L

Ostracoda
(fYJ>rI:dojJ8IS :-;p"
eyc!ocyprt's :-ii,.
O~tra('()da g.~p.

Diptera
Chirollolnida(' g.:-;p. (larvae)
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filled rOOln. rrhere are abundant specilllens of Scrpulidac, }(clcI'nasc7'dL'(( and other
sedentary aninlals attached to the drowned stalactites, but free-living anilnals on the
rocky substratul11 are scarce. rrhe bottonl is covered by a thick deposit of fine clay,
inhabited by rather rich populations of A]Jseudes and ()ocnharjJl:n1:a. llidyc1vayia seenlS
to occur in good nU111bes in open \vaters of the cave.

\Valsinghalll Sink Cave has a seawater pool located ncar the entrance, but still in
ahnost total darkness. ':rhe gradually sloping \valls of the pool have acculllldations of
~urfac(\-derivedeart h and detritus. The surface salinity is :{1 °00 , l\S \ve did not collect
fronl deeper than 1 In, it is difficult to say whether the great variety of Inarine aninlals
found in \Valsinghant Cave are present here. rrhe nurnbers of aninHds collected \vas not
large, but a variety of species not known frolH other caves \vere found: SOlne Caecurn
~pp., Harpacticoida, sonle Isopoda and Anlphipoda. The isopod, ...4tlantascllus, is found
rpgularly here as isolated specill1ens, while lllOst alllphipods \vere fOlllld only once. It
seenlS probable that the parts of tho bottonl reached by our S<llllpling lllethod are not
their norlllal habitat.

Several pools in Adllliral's Cave are situated far froill the entrance and seclllingly
far fronl the underground tidal currents, as t he salinity is cOlllJ.>aratively lo\v (;~'()~~)O at
t he surface). Shallo\v portions of the pools are floored by dri pst one and slnall slabs of
breakdo\vn \vith only vcry little detritus. The fauna is very scarce and poor, only
Pseudonl:pharg'll8 and }}u:rycyclo]Js were caught there.

Cave House Cave is situated only :35 III inland, hut in an area \vhere the water ex­
change probably is not very intensive. The shallow bottolll of the pool is covered by a
Yt\ry pure, fine clay. Only a fe\v specirnens of SOllIe CaeCUIII spp. have heen found.

".Frcsh\vater Cave is a special case in the Berllludian karst as it contains a large pool
of fresh\vater. There is considerable organic debris, IllOStly rotten \vood, in the pool.
'1'ho fauna is not diverse, but is cOlllparat ively dense. It consists of SOllle oculated
()st racoda and the larvae of Chironolliidae.

X 0 aninuds \vere found in Fort Scaur Cave. probably due to its isolated location
ill an area of poor \vater exchange.

3.4. (}OlUU1'llud£cs

l>erhaps it is too early at our state of knowledge of the ·Ben}} udian cave fa una to
speak about COllllllunities, but it seenlS likely that true cavernicole COllllllllnitics in
t he sense of European and North At\lllcrican continental karst do not occur. Jlllpoverish­
cd types of littoral conllllunities, including plankton, have developed in caves near
the HUlin subterranean tidal currents. 1'he subterranean aillphipods occasionally
found in vValsinghalll Sink Cave scent to be inulligrants frOlll anot her habitat, perhaps
the interstitiaL rather than 111elnbers of a local COllllllllllity. (hdy !>.')('Ur](»lt'p!larg'us and
perhaps E'urycyclojJ,i), \vhich are characteristic of the lo\v salinity ('aye \vaters, appear
to represent a kind of fauna of their O\VIl.

~Iany of the anilllals found in l~erllilldian cave \vaters (I'.g, Spollgiana, 11~ehinoder­

lluLta, T\lnicata, ]>isces) are lllore or less curyoecious Inhahltant s of t he littoral zone
\vhich are undellHLnding enough to be able to sustain thelllsclvcs under the unfavorable
cave conditions (e.g. lack of light, sllialler food supplies). \Vc shall not discuss this
group of anilnals.

rrhere is a signific<1'/nt 11 U 111 her of speCies \VlllCh an' ll()\\' k tlO\VIl only fro 111 the
13prnludian caves: h()\vever, })Ulny of thOlll Tllay not he rest rictcd to such habitat s. 1t
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is very probable that we shall find sonIC of these new ~pecjes outside caves, searching
in corresponding places (e.g. lllUddy bottonl for AJJseudes beT/nude-us and CocohaTl)~·111:a.

and interstitial waters for SaIne anlphipods). Before these investigations are carried
out, it is very difficult to speak about the habitat lilllitat ions or origin of the cave fauna.
()nly for CaeC1lnl spp. can \ve be certain that they occur in int erstitial conditions
outside the caves. In spite of being new species, our ])olycope, Bog'id~'ella, Er'z;Ol)isa
and I ngoljiella have the body fornl of their relatives inhabiting interstitial \vaters.
Ho\vever our new Atlantasellus, Cocoharp~'nia, I dunella and ()itanO]JS1:S do not seenl
to be interstitial aninlals because of their shape; unfort unately conlparisolls \vith their
relatives fail to tell us nluch about their origins.

Sonle anilllals show obvious connections with the "At lant ic Coast of the .i\.luericas.
(~accunl heladuul is found in Florida, \vhile C. l)l~'calunl inhabits ~Florida and the 'Vest
.Indies (J\UBOT'l', 1974). l$ogid'iella sp. fronl Berllluda is a subspecies of 1]. Tnarl1·lU'.

described hy STOCK (1978) froBl the antillean island St. ~Iartill.

Less expected \vere SOllIe striking zoogeographical ~onIH~('tions of l~Crllluda to the
east. Caecunl !of1lalulIl, presuBlably endenlic to Berlllllda, is apparently identical or
at least closely related to C. elegantissinl,ulIll frolll the Cannry Islands CVELKOVRII,

pel's. cOlllln.). The ne\v EurycyclolJS sp. froIB Ber1lluda is Inost closely related to }-,'.
Hlediterraneus (I(IE}'ER) froln llaleares (PETKOVSKI, pel's. COllllll.). .i\ species gronp
under the genus ])seudoru,}Jhargus is widely distribu t cd in the ]V[editcrranean and
\vestern Atlantic (Azores and Madeira). It is a quite ubiquitous subterranean anilllal,
living in caves and interstitial \vaters, at luarine salinities and in fresh \vater. 13erlBuda
is the third oceanic island known to be inhabited by j.J8eu do/u'phargus and the \vestern
lnost point of its distribution. It has never been found in eastern North AUlerica or
t he 'Vest Indies, \vhich are speleobiologically better prospect ed.

4. Discussion and Conclusions

'.rerrestrial habitats are inhabited by sonle edaphic aninuds, several of thenl prob­
ably introduced by Ulan \vithin the last few centuries. \Ve suppose that the J11ild
oceanic cliluatie conditions in the recent geological past coupled \vith the lo\v cOlllpeti­
tion pressure in the surface habitats of these isolated and sparsely populated islands
and \vit h the cOlnparatively short existence of ca vernicololls ha bit ats (of l>leistoecne
age) havenotfavored the evolution oftroglobites.1'he terrestnal cave fauna has 'a,dapt­
ed' to the poverty of food sources, due in part to the absence of the usual food carriers,
hy llHtintaining very sparse populations rather than hy evolut ionary change.

'rhe aquatic habitats (excluding Freshwater Cave) are rathcr diverse, extending
frolll 111arine salinities to very diluted ones, and frolll intensive \VEtter exchange (by
tidal currents) to nearly stagnant conditions. 1'hu8, t he l~erl11udian caves can be
characterized as a cOlnhination of Blarine caves and coastal caves (sensll SKET, in
press). For both types, the possibility of food input frolll the sea is enorIllously high
in "BerIlluda.

~lany ani111als in the cave waters are lllore or l('~s regular illlllligrants frol11 open
littoral habitats. Ho\vever, a lllllnbcr of new spccies JUt ve h(~('n discovered, including
blind and probably subterranean ones. There are sonlC stlrpnsing points regarding the
eOlllposition of this fauna. :First, no shrilllps (])ecal;oda ~atantia), ('0111111011 in anchia­
line enviroIllllcnts of lllany oceanic islands (HOL'fllLIS, lH7:~) \vere found in BernllHla.
Recond, in spite of Berlllllda's close proxill1ity to t he OCt'(Ull~ dept hs, no species kno\vn
as abyssal have been found. This is especially surprising since abyssal elenlcntR forlll
the InajaI' part of the lava tube fauna of the Canary lslands (\VILKE1\S and l).AHZEFALL,
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lB74). Ho\vever, SOllIe of our new species (e.g. Atlantasellus) could in the futurc be
recognized as abyssal. Lastly, it is surprising that no anilllal reported previously froln
t he interstitial habitats of Berlnuda (by COULL, 1970; OTT, 1977; }(AHLIKG, 1978) has
been found in the caves. Here it IllUst be elnphasized that the interstitial alllphipods
of Bernluda have not been investigated. It is nearly certain that at least SOllIe of the
eave-d\velling arnphipods (Bog1'diella, I ngoljiella, Er1:oJJ1'Su and j>seudon.1j)!taryus) are
living also, or even priluarily, in interstitial habitats.

Berllluda's cave fauna shows SOllIe zoogeographic connectiollS to the West Indies
and SOHle to the ~fediterranean,but no elclllents of those \vhieh are especially charac­
teristic for both of thenl (e.g.lladzia s.l., SjJelaeorllysis) bave been found. Although
t here is SOllle evidence relating to the geographical origins of t he cave fauna, it is
llluch Blore difficult to explain how or when these anillHds or t heir ancestors reached
])CflllUda's shallo\v \vaters. There are four theories that could possibly explain the
transoceanic distribution of Illarine cave fauna.

First, STEBHER (1973) has proposed plate tectonics as a lllechanislll for the dis­
persal of interstitial sand fauna. However, since l~ernlllda has never been part of a
continental plate, a direct role of plate tectonics in the origin of Bernlllda's cave
fauna can be ruled out.

Second, STOCK (1977) and lllany others have attelnpt cd 1() explain dist rihutiona}
patterns by 'stranding' of species on the shoreline of a receding fossil sea. A.s a slllall
and young oceanic island, Berllluda would not have experienced significant changes
in coastline during such geologic episodes. Also in other an'as any changes in coastline
due to tectonic or glacial events would have been so gradual that even localized
'stranding' \vould have been unlikely.

rrhird, it has been suggested that coastal interstitial species Inay be interconnected
by abyssal ones (WEBB, pers. conlln. in STERREH, 197:n. ~Available data regarding
changes in llleiofauna conlposition with depth and SIl hstra1 e indicatc t hat such
interconnections are unlikely (STERH:ER, 1973). Additionally, no abyssal species have
vet been identified frol11 Bermuda's caves.
~ Fourth, GEHLACH (1977) reports observations of intcrstit ial Hninuds fOllnd drifting
in the open ocean on snlall quantities of substratulll, StIch as a coconut. Stronger
Hlllphipods l11ay even be distributed by birds (SEGEHSTIL.\LE, ID5:!). Although the
nUlllbcr of individuals transported by such 111cchanisnls lllay he very 8111a11, it is diffi­
cult to deterlnine ho\v Juany iuunigrants arriving under \"hat conditions and in ,vhat
sequence \vould rcsult in a successful colonizat ion. rfhe chances of short-range
transport by such 'coconut-spreading' or bird transfer is vic\ved as good, \vhile
those chances for long-range dispersal by thc sallIe lllt'chanislllS are infinitely slllall
(STERHEH, 197;~). Berllluda's present position, about one 1l10Ilth's drift tilHe in the
(;ulf Stre~tlll froll1 lTlorida, can explain t he existence of Sollle Carihbean fauna.
Ho\vever, as far as ()ld-World faunal elenlents are cOIl('prnc<L on ly short ly after it s
init ial forlllation (abollt 110 lHillion years ago) \vould l)cnlluda have heen close enough
to .Africa, for such dispersal InechanisI11S to bc funct lonaI. ~rh ii'i \vas long before 1he
existence of BernllHla's shallow water carbonate habitats (lllaxilllUlll age about
1 lllillion years) and thus would have required a prolonged i'ill hsistellce of the speciei'i
outside t he cave habitat. Consequently, it is far froIll clear \vhat zoogeographical
connections existed or what dispersal processes \vere operat lye in producing l~er­

llluda's cave fauna.
Once species had reached Bernl1Hla, it was still llecessary for t helH to in vade the

ca ve SystClllS for errve colonization to he successful. S II ht erranCHn tidal curren t s provide
an excellent llleans of introducing surfacc species into the caves. ])lanktonic anlllHds
and larvae arc regularly distributed through subterranean Chnll11Cls by tidal currents
as is evidenced oy the presence of gastropods in anehialine \Valsinghalll l)ond (;()l~LD,
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1f)t)8). 'The caves ,vith the richest faunas also had lllajor tidal currents llloving through
thenl.

Clilllatic changes during the Pleistocene lllay have played a significant part in the
fOrIuation of the Berllludian cave fauna. Today, J~ernllida is situated near the \vinter
oceanic isothernl of 20°C and, as such, has the northcrrUllost coral reef ecosvsteul in
the .Atlantic Ocean. During periods of Pleistocene glaciation, lo\ver ,vater telllpcratnres
probably caused the extinction of lllany tropical species (T~HIGnS, InGG, 1974). Berillu­
da's cave habitats,.. lacking the extrelnes of terllperature, lllay have served as a refuge
for sonle teulperature sensitive species.
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G. SU1Ilrnary

'rhe lilllcstone caves of the Inid-ocean islands of 13crJlluda ('()lllprise an ideal Silllpli­
fied systelll for studies of the taxonollly, ecology, colon izat ion, evolut ion and zoogeo­
graphy of cave fauna. Sea level pools, extending as deep as ~Ll In, are found in 11l0st

of l~erlllllda's 100-200 known caves. Although tht) terrestrial fauna of the caves if;
sparse, a rich luarine fauna inhabits cave pools hundrcds of llleters fro111 the coast.
\Vhile 11l<Lny of the lllarinc cave anilnals arc 1l10re or les:-; regular in111l igrant s froIll open
littoral habitats, a nUlllbcr of new species have been discovered, including hlind and
probably subterranean representatives. l'he absence frolll t he caves of shrilllps and
abyssal fauna, as ,veIl as any previously reported int erst it ial species, is surprising.
Zoogeographic connections exist bet\veen l~erlllllda's cave fauna and those of the
\Vcst Indies and the l\Iediterrancan.
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