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e Wittenberg Dniversity Speleolo
ooioty a charterad internal orgar

Licn ol KHatlonal Speleclogical Societ
Inc. Th gw] eceived its charter in
May 1980 apnd iz dedicated to the advanco-

ment ol sSpa | Egn Lo ¥, O cave consarvation
ind prassrvation, and to the sarfety of

persons entering the spalean domabn.

Cover: Tawney's Cave, Glles unty,

Virginia (photo by Hobbs).
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Editor’s Letter

issua af
our second volume of Pholoos.

elooms to the Eirst
Wittenberg's Speleclogical
Eoclety has caompiled an
teregtling variety of
ture and art work for your reading and
studying pleasuro.

LT—

1ite=ra-

nanks to the sfforts of Horton H.
Hobbs ITI, we have a conbtinuation of ouar
survey of Ohio caves. The five described

in this publication are in fdams and Rozs
counties. A second article on cave scolagy
provides an excellent overview of the

caves and their flora and
fauna. Other major articles Snelude a
conpleted map of Laorel Cave and an update
on the surwvey of the caves of Carter County,
Eantucky.

The caving club has had an actlive
gmagon pursuing the ongolng asurveys of
caves of Ohio and Carter County, Eentucky.
Soveral trips to Fresland's Cave, Adams
County, and one to Bat Cawve, 1ln Carter
State Park, were the primary projecta
fall term. Other activities of the club
included surveying and mappling sessions;
and ar;

zonatlan af

Caven

rftarnoon of rapelling off the rock
in Cliff Park.
Cuir spring publication will contain
further inwvestigations of bath Ohio and
Carter County caves including the in-
triguing studies of Freeland's Cave,
of the longest caves in the state. Thera
will also be a report of tropical caves
on San Salvador Island, the Bahamas.
I would like to offer my sincers

ledges

el

thanks to everyonhe who contributed to
this fssue and its publication. I would

algn like to extend my thanks to the read-

has helped to support this grotto.

Book Review

==h4 T.J. Madigan

4 Geological Guide to
Raticnal Park (Palmer, Zephyrus Pross,
i98l) 210 pp.

Mammoth Cave

Geologleal Guide to Mammoth

Cave National Park is an
exoellent manual to the Flint-
Mammoth Cawve system. Tha
author,; having over 25 years

of caving experience, does a thorough
job of describing this system. He re-
viewd in detail the geology of the re-
gion and how cawves and cave formations
come about. He then applies this
formation Eo the Flint-Mammoth Cave

In the courss of the book e
answersa the following guestions: 1)

How did the system form? 2} How old

iz it? 3) wWhy does it look the way it
does? and 4] What do the rocks tell

us?
formations and timp sScales
Sent the material in

Lm—

system.

Falmer utilizes gecloglc rock
O pré-
A praclae yat

nonscElentilflie, manner.

The final section of the book
introdaoces the reador to the cave tours
that the United Stateos Park Systom
offers in thea cave systaem,

The book contalins over 100 maps

and photographs, thus formimg an ex-

callent text of the park as well as one

applicable to many other caves in the
world.

[n Vol. 1, Mo. 1 & 2, appeared a

map on page 20 of FProst Cave, Pike
County, Ohlo. Tha scale was incor-

rectly indlicated to be in kKlilomeaters.

It should be in meters.



bat cave

(Editor's Mote: One of the primarcy
expeditions of the [all term was a

woekond tErip to Bat Cawve in Carter

County, Kentucky. During the trip

gaveral new members of Wittenberg's Cawving
Club .ji;quj_rr'-.'] first-hand experience in
surveying and mepping this relatively
uncharted cave. The two SUrveying Lteams
mapped the entire length of both levels
of the cavern. This entalled wading
through the stream, cresping up, around,
and over rock formations, J.::.'-u"EELJ.I]-EI.tiI:l-'q
tangent passages, and even crawling along
on their stomachs in areas wherse ke
height was only 0.3-0.4 meters.

The grotto is now working on
putting together all the information
ocbtained. However, & return Erip to
cosplete the preliminary data may be de- |
layed until spring since the cawve lsa in=
accossible during the winter months whilse [
the Indiana bat is in hibernation. The

—=hy Donna D'Angelo and Eathy Crowley

following letter provides & brlef overview accomodations that we often congre-
of what ane might expect to find upon gate within them. Caution ls advised
antering Bat Cave.) for all non-flying species, for an

occasional plt can be discovered laad-
ing down to the lower tier.

il My nama is Horman, the friend- [£ by chance you decids to wven-
ly bat that lives in Bat Cave. ture inko the lower tunnels, be
Located in Carter County, prepared for a case of wet fest. A
Kentucky, Bat Cave has recently meandering stream flows through the
been declared a natural pre=- majority of the passage forming occa-
serve for an endangered species of gional pools and puddlos. While dis-
Indiana bats, of which 1'm a member, playing a variety of formations, such
The frorentrance to my home 1ls barred an flowstone, rimatone dams, and
off to prevent the free passage of stalactites, not to mention break-
pe .'JFJ.!’: who might irritate or disrupk oW, TONE Ware SO impressive a3 those
my night life. Onoce past the front found in the wpper passagewsy. Hows-
entrance, one finds oneself in a spa- eyar , several uwnigque rooms appear
Clous; Alry CAVEITN.- l.'.'l.:-l'.L.ll'Ji:'.'.g dom to house a ["--'1_1'-'1'1 ¥ af my bat friends
the main passage one is itaced with and |u-:|:r.,r_:,-.jr_- the ru:[fr_:-::l; bat "hang-
the difficult decision of whether to out.” Moving along, one will even-
tnke the high road or the low road. tually come upon the exit, or back
The upper tier 1s undoubtedly antrance, which is also barred to
the drisr of Ehe two pasSages. Along protact us furry little guys and gal=.
the way crystalline formations, rim- I hope you enjoyved the tour
etarne dams, stalagmites, stalactites, through my home-——Bat Cave--and found
columne and domes can be Lound. Toe it interepsting. Eeep in touch, for
domes, which aré Found mainly im the therps are Bamy Ccrack=z and erevices
larger caverns, provide such perfect vat to be explored. W




ohio caves

don Cave) is a small (38m THC) joint-

controlled cave which has formed in
limestone only a few meters below the sur-
face near the top of a hill in RBosa Counky
overlooking a tributary ravine to Paint
Creek at an elevatlon of 206m (680 fest].
The passage is sinuows, i floored by mud,
and the walls are partially covared by dry
[lawstons,

The cave is entered as a hands-and-
knees crawlway. This extends to the north-
gaak for dm where an enlarged passage forms
a small, elongated room 2.8m high; some dry
flowstone is present om the south wall.
Thiz laads t0 a narrow passage which ocon-=
tinuea in a northeast direction te a point
whare the passage constricts and a crawl up
through a "window"™ leads one to a8 samall
roam. The floor of the room slopes upward
te the ceiling, but a narrow passage
pxtends in an sasterly direction out of
this chamber for 8m. Here the cave becomes
too low and narrow for continued progroess.

The following is a list of the fauna
known to occur in Trimmer's Cawve:

T:Luu:ul:l:':.' Cave (also Flsher's or Lyn-

Hyloniscus riparius [(Isopoda)

Sinella cavernarugm (Collembala)
Hypogastrura denticulata (Collembola)
“!'.E:E*'_*.i.'d.';"‘_;‘: E::-I’HJE-I:I fimetarius (Collembola)
Ceuthophlilus brevipes (Orthopteraj
Ceuthophilus gragilipes (Orthoptera)
Hesperochernes sp. [(Arachnida)

Leiobunum bicolor [(Phalangida)

Heta menardl (Araneas]

Peromyscus leucopus {(Rodentia)

‘Progent address: Department of Biology,
P.O. Box 42451, University of Southwestarn
Louisiana, Lafayette, Louisiana TO0504.

4

——by H.H. Hobbs ITI and Michael Flynn+®
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are developed in the dolomitic

limestone of Adams County, Ohio.
The caves are Fatrly amall, the largest
being Preston Cave III with 43m kotal
horlzental cave. Total hori=ontal length
for Preston Caves [ and II is ld4m and 15m,
respectivaely. All the caves are character=
ized as jolnt-controlled passages (See
maps ] .

Entrances to the caves ars sitwvated
approximately 2dm [BO feet]) below Lhe
crest of 8 eliff running cast-west along
& ridge loba overlooking the distant
ghio River (see photograph). Each of the
antrances consists of an inclined passage
in a crevice on the cliff face followsd
byt a fairly level main passage trending
perpendicular (MMNE) to the cliff. Preston
Cave I is the westernmost one, with an
gntrance located 53.5m west of the en-
trance Eo Preston Cave I1. The entrance to
Preston Cave I1 is located 20m west of
Preston Cave IIX. All Ehe enkErances oCour
at an alevatlon of approximately 243m
(A00 Fest). The Froston Caves ars drEy with
some development of spelecthems, the
mast notable ococurring im Preston Cawve
III; this cave has considerable drip
input approximately 20m into the passage.

Preston Caye 1 consists of & room
entered from the west by a walk-=uf
entrance and from the 55W by an antrance
glevated 6.5m from the base of the cliff.
A ahort crawlway passage extends from the
room in a NHE direction. Three "windows"
overiook the walk-up entrance Crom tha
east side of the room. Soes popcorn and
a litrle flowstone is seen in the Toos
and the passage.

Preston Cave I1 consists of a single
passage extending approximately 1im from
the entrance. Entry into the cave is the
most difficult aof the three due to the
Wyory sStegp, RAFEOW orevice at Ehe entranca.
A small pool rontalning mosquito larvae
and collembola is seen in a solutlon
pocket on the right (SE) slde of the
passage approximately flve meters Fram the
gntrance. Very limited development of

thhn Preatan Caves ([, 11, and III)

{lowstone and popoorn occur in the cawve.
Bkeletal remain=s of the Turkey Valture
(Carthartes aura}l were found one meter
boyond t hes pool and ac the rear of the
cave, suggesting possible habitation of
the cave by this bird.

Preston Cave IITI i8 the largest of
the caves, with a main passage extending
approximately 32m from the entrance before
hocoming too narcow Eor furtcher progress.
fpproximately 17=m from the antrance the
passage slopes downward somewhat. At the
bottom of this slope a large accumulatlon
of guano, peesumably of the cave rat

tan bhie pight (SE). Ismedlately beyond

this is an area of extensive soda straw
dowvolopment. The soil character of the
cawe changes distinctly [rom med to a very
dry floor 2Bm from Che entrance. At this
point a small side passage extends for a
short distance to the right (SE) from the
main passage bofors becoming Too MArToWw

to pegqotiato. FiFtesn meters from the
antrance a passage extends to the left (NW)
of the main passage for approvimately

four meters. At this poaint the cave slopes

|cmnt aramd. | il




upward to another room. However, a flaow-
stone extension from the wall prevents
gntry into this passage. In addition to
soda straws and flowstone, some develaop-
ment of popcorn is observed.

A recent article (24 April 1980} in
"The Pecple's Defender" [West Union, Ohio)
describes an event in which two men baing
held for burglary escaped from the Adams
Coanty Jail amnd were eventually appre-
hended when officers noticed smoke Lssulng
from the sntrance of one of the Preston
Caves ln which the two men had been hiding.

The following is a list of the fauna
known to occur in the caves.

Preaton Cave I:
Tomocarus flavescens [(Collembola)
Coleoptera [unidentified bast )
Diptera (unidentified fly)
Leicbunum bicalor [(Opilionida)
Pedentontus sp. (Thysanura)
Ceuthophilus gracilipes (Cricket)
Soribius pennsylvanicus (Centipeade)
Armadillidium nasatum (Terrestrial

isapod)

Meta menardi {Spider)

Preston Cave IL:
Pedetontus sp. (Thysanura)
Tomocera flavescnens (Collembolal
Diptera [(ualdentified Fly)
Calesptera (unldentified bestle)
Leiobunum bicoloer (Opilionida)
Peoudotromia sp. [(Millipeds)
Cepthophilos gracilipes [CElolet}) Fm m “
Parcellio scaber (Terrestrial {isopod) : L,
Carthartes aura (Torkey Vulture) ; -ﬂﬂ;jg.

Preston Cave I1II: : .h;.;L ;_1:3""' J#
Tomocer 3 flu'.'Eh_.itE.i [Callembolal I-'i' -—"*-.I - -__-u'-_"--u. 7 -!l
Diptera (unidentified £ly) |1 by e I
Coleoptera [unidentified besetla) '-h_ﬂ—__ - '.EI.-!J__-'I. _-"' H
Pedetontus sp. (Thysanura) A ]4 ¥ 1__{ /
Leicbunum bicolor [Opilionida) . e o —g . )
Pseudotremia sp. [Millipedas) ‘];b:V - m
Ceuthophilcus l:_:‘r_.:l.l;;i. L:l_.;:_r;i:': (Cricket)
Pipistrellis =ubflavus
Mectoma Eloridana ([7)




pvil's Den Cave 15 developed 1n tha
dolomitic limestone of scutheastern

D

Rdams County, Ohio. The cawve is
small yet complex, and a total of nine
entrances open on to the south face of

Devil's Dan Bluff overlocking the Ghio
River. The cave has a total of 1lilm

{42% feet) of passage and deponstrabes

an extreme joint—contralled patbtern.
castern and westernmo=EC entrances
(144 feet) apart and lie approxi-
mately ten motemrs (33 Leet) bensath the
top of the ridge. The passages are “honey-
combed" and intersect one another at right
angles; being generally oriented HE-SW ahd
MW-5E. They are [loored by dry, =andy

S 35T BT

The

are 4dm

it is rumored by local resldenta Enat
one passage formerly extended bensath
Dewil's Den Bluff and could be traversed
to the north side of the The pag=
Fagdes extending from entrances IV amd VIII
{see map) continue, but considesable dig-
ging is reqguired to penstrabte furcher into

ridoge.

Ehe cave.,

Tho Cauns

following is a list of
known Eo occour in Devil's Den Cawves
|1n7_|"_|_'n;_._:r:_i.__'|._'i__:'. ._'=|.:.1h_|:~r {Terrestrial isopod)
Dipters (@n unidentified fly)
Caleoptera (an anidentified beatlel
-'jx*';rkx:fl_hi_l_ll:s E_I_'_.'J_I:J._hl iﬂ::{ fCricket)
Mets menapdi I:EL:-]:J{-.'-L':I
Bayornis phoebe (Fhoebe nest)

¥imw lookizsg wooth Orom top of clill T'sow in
“aven ars loostsd {photn Tty Hobde )
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cavefish threatened

{Bditor's Note: The following newspaper
article is roprinted to stress to

the reader just how susceptible the
cave and its denizens really arce to

the irresponSible activities of man.
Thia appeared in the 5t,. Louls Glaobe-
Democrat on Decembsr 2, 19HL.)

he 5t. Louis Zgo is sheltering
raraely found cavefish, cave
crayfish and grotto salamenders
which were taken from
Maramoc Spring after toxic
ammonium nitrate fertilizer leaked
from a pipeline and left the spring
nearly devold of ocxygen.

The chemical spill is potentially
an ecologlcal disaster for the spring
near St. James, Mo., Dr. James Whitely
said Tuesday. Whitely is superin=-
tendent of fisheries for the Missouri
Department of Consarvation.

By late Monday night; conserva-
tiohn agents had removed an estimated
T0,000 mamall rainbow and brown trout
from hatcheries fed by the spring,
which is about B0 miles sowothwest of
5t. Louis.

The trout were moved to Montauk
State Park in Dent County, about
T miles soubth of St. Jamas,

Charles H. Hoesgle, depukty oo
directar, said two dozaen cavefish, two
dozen grotto salemanders and abouat 104
cave crayfiah were bhrought to the zoo
in an effort to save the species. Tha
crayfish,; 'ir'l.:-rlt:.l'lti Ay Salem cave
crayfizh, are on the state's rare and
efdangered species list. The f£ish,
zalamanders amd crayfish are white,
but are not true albinos, he said.

Okther survivors were taken to
agquariums at Bennett Springs State
FPark near Lebanon, Mo,

The fisgh, belisved to be sonthern
cavefish, are about 2 inches long.
They live in several undarwater cawves
in Missoori but are not belleved to
inhabit the Mepramec River basin until
the: splll depleted Ehe oxygen in

NHNO,

the spring and caused the Stressed
fish to rise to the surface, Hoeadle
said Tuesday.

Hoessle said the creatures,
which are born without eyes, have a
"good" to "excellent" chance of sur-
wviving and will be re-intreduced to
the spring as s0oOn as the cxygen level
ig safe.

But Whitely and Ronald Crunkil-
ton, &8 state water blologlst At Colum=
bhia, =s81d Tuesday that damage to obther
fragile organisms like fresh water
shrimp, a fish food item in the spring,
may be =so extensive that the specios
may never be able to return to the
spring.

Jaal Vance, congervatbion des=
partsent spokesman, said his depart-
ment does not know the extent of the
gpill, which took place about 12 miles
southwast of Maramec Sprimg and was
reportad Mawv. 14.

The leak was traced to the pipe-
line operated by the Williams Pipe-
line Co., of Tulsa, Okla., Vance saild.
The pre.lIl:l:.:l extends fram Tulsa throudgh
Misgour! into Tllinois and Indiana.

It carries liguid asmonium nitrate and
urea far fertiliger. Several chemical
spills and fish kills have reasulted
from leaks in the pipelins An Mizsouri
since 1977, Vance sald,

officials from Williams Pipe-
line reported that about 2,000 ko
3,000 gallaons of ammonlom nltrate
leaked inta the ground, but others
contend the zpill may have besn as high
ag 100,000 gallons, conservation
officials said.

In 1978, the company pald Migsourl



and two counties 523,453 in fines
and expenses to the ztate for three
epills, officials said.

Roy Wilkens, vice president of
Williams Pipeline, said, "We're as-
guming responsibility for the spill.”

Wilkensa said the pipsline cowld
not have been leasking for more than
six days and sald company officlals
are removing fertilizer left in the )
Dry Fork River near the pipaline.

Vance said the ammonia com=
pounds are apparently oxidizing in the
gpring, robbing the water of axygen
and causing organisms to suffocate.

Cold-water Fish, like trout;
reguire about 8 parts per milliom of
oxygen inm water to survive. By Monday,
the oxygen level in the spring had [
dropped to less than .2 parts per
million, officials said.

Consarvation agents said they
hawe no idea how many fish were killed
because most sunk to the bobtom.

AS an emergency =step, conservatlion
agents began pumping oxygonated watar
into the apring to bring oxygen levels
back up.

Brate Conservation Agent Eldred
Gallagher, who operates the Fish
hatchery at Maramec Spring, said the
water in the stream below the spring
appears to have normal oxygen levels
and the winter trout fishing season
should open there on Dec. 132,

Maramec Spring iz operated joint-
ly by the state and the James Founda=-
tion, a trust from an old minling
family.

A large number of mottled scul-
pirs and darters, small fish found
in Ozark streams, were also killed
by the leak,

Crunkilton saild it could take [
vears for the chemicals to be re- |
moved from ground water in the area.

"Thig ia the mast extensive
underground example of pollution din |
Missouri ," Crunkilton said. | HI




lourel cave

aurs]l Cave, one of many karst from the main entrance. During pericds

——pby Nathan Pfeffer, T.J. Madigan,

features located within the of rain, this small trickle

a raging torrent, and thus

boundaries af Carter Cawi beca

State Park, Carter Couanty, the lower levels ol bthe cave should
Kantucky, is a small (tokal ot be entored Lf rain ls farecast.
horigontal cave;: i l""‘l._r =, 3600 || nerthieErn 51 nkhiole &Rty an

fest), bBlilevel subterranean canduit leads south €& the maln passag

which receives considérable gquan- wall to a SerlLes { low, mudd
tities of storm waters Lfrom Horn passages and rooms to the nopth

Hollow to the north. Hern Hollow is and east. Presumably it i this por-

a perched karst walley and is a tion of the cave that

tributary to Cave HBHran

stream that disappears underground
i

reappears three times pelor Lo

1
i to as having “a small

i; a4 small '8} referced

its confluence with Tygarts Cresk,
. =Hm 1n

the area. The largest of the

the cnly major SUriad it

eRtrances T Laurel CAWYE 1B L10M
adjacent to the east bank of Cave

|
nranch, approximately 100m dosn-
stragam (south) [rom the entrance

to H-0 Cave at an elevation of 230m

760 feot). The passages are developed
primarily ln the Ste. Genavieve

limest

largest [(main) entrancy

(5m high by 36m wide) 15 quite pic-

ruresqgue and is Eloored by large
labs of breakdown. Bpproximately
m into the Save the maln DESSage

to the left. This

i dEY ., UpPEr I gnigea ]

this point Erom El

lower main passage continuss [OF
approximately 240m in a northerly
direction to a sinkhole esntranca
whera storm waters enter [rom Hornm
Hollow, This passage, [or most ol

its length, is a high, narrow, me=

andering canyon (ses map) with a
gmall stream flowlng over the scoured
bedrock. Along Ehe stream course
are a number of small, shallow pools,
and tha water disappears [during
"pormal™ flow) approximately bam

10



lake." During late Janaary 1981, | and scenic features of Carter Caves

whan the cave was mapped by WUSS, | state Fark, can be found in Jilliscn
water lewvals wore low, yeb a number (1924) , McFarlan (1958), and McGrain
of extensive pools floored much of {1966) . W

these passages. During the spring months,
much of this area probably contains
desp waker.

Jillimon, Willerd Pocss. 1934, Bentocky State Perks. Eant.

hree isolated upper levels Gunl. Sugv., Frankfors, Kp.. 93 pp
Mcrasr lan. A ur £ 1%, Baiind the wreoery Lh Baii CUHoly
can be reached from the st mnl. Surv., aer. ¥ BpoR. Bl B0 1144,
main canyon passage: 1) HeGraln, Teedtan. LUGG. dsology nf the Carter ssd Cascids
1 1 5 Ed CAveEr Eres, Esmbiucky Geaol. Bory,  f. 151, ApHEL
Ehe Previcusly mantlion Pt , 1Fs1=13.

one 50m from the mein
antrance (see balow); 2) one ap-
proximately 110m upstream f£ram the
maln entrance ceonsisting of a short
intermediate lewel passage which
terminates in breakdown ([(surface
dewneut) and an upper, somewhak
more extensive series of domes, rooms,
and crawlways that are sporadically
well-decorated with speleothems,
and that overlook the lower and in-
termedigte lewels in three places;
and 3) a dome with breakdown and
small crawlwayvs that can be roached
from the main canyon passage Approxl=
mately 30m dowstream from the northern
entrance.

The largest upper level is a
relatively extensive (approximately
280m} ktubular passage,y having a num=
bar of crawlways and loops and many
gpelecthems (cimstone, cave pearls,
stalactites, stalagmites, flowstone).
Aecess is gained to this level by
a climb (4.5m) up a large log that
has been wedged into the canyon
bedrock. The passage extonds only
15m to the west where it terminates
in breakdown, & result of surface
proston (downcuttlng of Cave Branch).
By traversing approximately 200m
in the cpposite direction [south-
east) the thipd entrance [(1m high
by 4m wide] iz afpmountered, over-
loaking a amsl]l ravine in the cliff
aboye Cave HBranch [downstreas fram
the main entrance} .

Additional infermatlion cancerning & complete map of Laurel Cave can be
Laurel Cave, as well as other caves Found on the following pages.

n
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of caves

here are wery few areas on the

thin crustal veneer of the

sarth's surface that do not

support life. Although caves

are never exposed o the epnar-
getic rays of the sun, wirtually all
support varying forms of plants and
animala. These 1life forms, functioning
primarily as heterotrophs (consumars]
depending ultimately on the surface for
ehsrgy, have complex life histories,
demonstrate intricate community dynamics,
exhiblit highly specialized adaptaticns
for spelean existance, and are repre-
sented by numerous andemic sSpecies.

"In addition toe 1] an absence of

light, the physical envircnment of a cave

i1s characterized by 2) comparative silencej|

1} nearly constant temperature; and 4)
in "wet caves,' an unuesually high humid-
ity which,; except near entrances, makes
for an exceptionally low rate of evapora-
tien. The degree of constancy, rate of
change, and faunal abundance are depend-
ant upon how muach the cave 1s Subject
to eplgean Influence, This depends upon
number and size of streams {input and out-
put) , size, number, and exposure of an-
trances, and configuraticn of entrance
passages ..." (Hobbs and Burdsall, 1972:3).
Many of these same conditions (particu-
larly lack of light and Food limitation)
are charactariastic of deap ocoean Bystoms,
and bscause of thess similarities analogy
has been made for thess twoe environments
{zee Poglson, 1971). In additiom; it has
bean suggested by various authors [see
Calwvar, 1270, 1271) that caves havae
similarities with iglands (e.g. both are
discentinuous habitats, both contaln
highly modified organisms, and both con-
tain relatively low numbers of species].

This short discusslon of cave scology
will present some of the physical and
chemical aapecots of the cave environ-—
ment, define the ecclogical zonea of cawves,
pxamine representative bypea of caverni-
coles {cave-dwellers), and cave commupnttys
enargetics will be treated briefly.

In employing “commnunity® thare is
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—by H. H. Hobbs III
an obvious misconception of the term as
used in associatlon with caves, Speclfi-
cally, communities consist of organisms
[producers, consumers, and decomposers)
that exist in some state of dynamic egui-
librium. Cave "communities®™ lack Ehe
external solar energy source and theres=
fore, in fact, are lacking the producer
trophic lewel (see below for a discussion
of the minocr role played by a few auto=
trophic bacteria). Thus, the majority

of organisms living in caves are hetero-
trophic and are in reality only part of

a larger, more complex community origima-
ting on the surface where light energy is
avallable. That light energy is converted
to chemical energy and is stored in plant
biomass through complex biochemical proces-
sea gallectively called photoayntheasis.
Green plants directly or indirectly con=
tribute energy te the "cave cosmunity"

as organic macter is brought into the cave
environment. Hence, with appropriate reser-
vation, the somewhat ingrained term “cave
community" will wendoubtedly continue to
appedr in the literasture and will be used
throughout this paper.

coalogical Zonation Caves

can be separated into a

series of zones, each of

which i3 represanted by a

distinct set of chemical,
physical, and biological characterla=
tic=: the threshold (Entrance and Twi-
light) and the dark (Variabkle-Temperature
and Constant-Temperature)} zones. The thresh-
ald zone (sometimes called the "Pro-epigean
domain® or the "light zone"--Jefferson, 1976)
oxtends from the surface opaning of the cave
ta the furthest point to which daylight can
penetrate. It 1s an area of the cawve where
physical Factors are relatively variable.
The environment in Ehe entrance ares 1S
controlled by prevailing local climatic
and meterological conditions and exhibibs
characteriatics of both epigean systems
{surface) and the interior [(hypogean) .
Mushmore (1976) discussed the effects of
cave entrances on the distribution of

CAaveE



cavernicolons terrestrial arthropods {ses
aleg Ives, 1927 and Culver and Pousan,
1970) . Progressing fraom the entranca,
light intensity diminishesa rapidly to the
twilight zone; llght obwiously wvaries with
time of day and with external conditlons.
Other parameters such as tlu.lhd.itf and
temperaturée are also similarly variable.
Eelative humidity increases and may Vary
from 10% £o 100%, yet it ls generally far
mors conatant than that of the surface.
Temperaturas may range from -10 to +30°C
in the entrance and from O to +20°C in the
twilight zone of temperate caves. Even

though these fluctuations occcur,the thresh-|

pld is considerably less wariable than the
pxteariar envircnmant. The biota of these
regions ig the most diverse of any area
of the cave. Both green plants and
animals inhabit the threshold zone,

and Poulson and White [1969) reported
that the entrance area typically sup-
ports 100=300 gpecies with a diversity
indie of 1.5 and a biomass [gram/hec-
tare) of 1,000,000, whereas the twi=-
light mone has up to 50 species, with

a giversity index of 0.5 and &8 blomass
af 100. Théese wvalues ars copsiderably
higher than those of Chio caves.

he wvariahle=temperature dark

zone is much more constant than

the preceding zones. Darkness

iz undoubbedly thée most fmpor-—

tant feature ecologically. The
relative humldity is incroasod and varies
from 30% Lo 100%, and temperatures com-
monly wvary from 3° to 15°C. Barr (19%%G7a)
suggests that is is the evaporation rate
and not the variation in temperature
which is the most significant eanviron=-
mantal parameter in this zone. Furhtor
discusslon concerning varlations and
effects of temperature change may ba
Found in Cropley (1965) . The bliota shows
a great decreass in both numbers and
individuals and Species. The pumber
of species is typleally reduced bo
10 with 0.2 diversity index and biomass
ranges from 100 to 3000 g/ha [Poulson

and White, 1969). This lower biomass
reflects the scarcity of organiams
as well a= their small size.

The constant=-temperature dark zono
is characterized by relatively stable
temporatures {air temperatures I'EI.I!'-E.'L}I'
vary more than 1°C throughout the year
at any one place) which approximate the
mean annual surface temperatures for
the area, being largely dependent on
latitude and altltwdle. Water tempera-
tures are generally not as stable, being
subject to change as a result of ice
and snow melt and can be altered as flood
wateras flow through underground agquifers;
fluctuations of 5°C or more may occur.
The relative humidity is continuously
high, ranging normally frem BO% to 100%.
Evaporation rates are conssgquently low,
yet the air is not stagnant, as most
caves generally wventilate continpously. The
composition of air 1s wsually similar to
that in the epigean emvironment, althowgh
the concentration of carbon dioxide may
somotimes be higher. In areas of caves
isolated From moving water, elevated
leavels of carbon dloxide are ococasioni=
ally found associated with clay beds;
it may also accumulate at bases of
shafts and in passages whers there is5
little ailr movemant and where there are
doposits of organic debris.

It shonld be noted that the horizon-
tal zoanation described herein also can
ba applied to the wvertical scale, however
not so well defined: speciflc zonation,
particularly within the threshold area,
ocCcurs as one pasges down from the pit
gntrance into the cave bolow, Sanger
{1280] discusses the relationships be-
twesn cave morphology and cave climates,

The characteristics of water in
limestone—dolomite caves are guite
variable. The waters aof pools can be
guite distinct from those of under-
ground streams and in those waters
supplied by the sinking of surlace
streams, both the chemical and physical
features will be affected to some extont

by surface conditions. Such strsams
Cooo s | 15




generally contain higher concentrations

of organic matter [allechthonous, CPOM,
FpOM, and DOM), most of which Ls trana-
ported in from the surface, both as

living organisms and as detritus which

can provide a scurce of nutrlents for cave-
dwellors. Most cave waters tend to be
alkaline (pH ranging from 7 to 8+) and have
a high alkaline hardness. The biochemical
axygen demand is generally low, and, ewven
in static pools, oxygen is at or near
saturation values. Conductivity gmmhn-@ﬁl!
varles with temperature change but general-
ly ranges from 50-600 oot at 25°C.
High walues of phosphorous Slpg PO, -pa1'}
and nitrate (100 Mg NO, -N+1'') usually
indicate contamination by sewage or ax-
cegsive puse of fertilizers. Expected

valuas of solutes in "unpolluted waters"

in limestone areas are presented in Tabhle I
{see Bray 1969, Jaccbson and Langmuir 1370,
Langmuir 1971, Shuster and Whicte 1971, Barr
and Kuehne 1971, Jones 1973, and Vineyard
and Feder 1974, for additional chemlesl
data of karst wataers).

Tabkls I ¥aluso of selecbsd Enluses in Uepocllufed MALekd In
Liregtorn® Areas (from Fickmstt, sz al,, I9T6G]
Goluts Hamn Taluus EaLEEss Valuen Units
Total hapdmdss 15T ] (=060 my Loh Al
alkaliine hardnese E-E50 O=151 ! Tis
Fagnsaiun Satdnass 10= 33 - &0 JC".’\.H mg ¥
Tilics E 3= 1% my I=1&i0,
P i Lum | oi= 1S g 1-]1 K
iran ok G.oLl=0.4 ma [=1Fa
Cwygez dewsed 0. 5= & - 10 =»g 171 0
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ave Biocta Organisms oour-

ring in cav¥es not only are

represented by a wide range

of different systematie

groups, but they also are ous=—
tomarily clasaified as to length of life
history apent in caves and to degroe
of speclalized adaptations exhibited.
Same gpecies are found only in under-
ground habitats, while others which
accur there are also found in wvarious
aother environmental situations.
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ave Flora Plants occupying

caves are generally considered

to be representative of thosa

apigean species of the area

that demonstrate some degree
of ghade talarance, many of which hawve
develosped remarkable characteristics
of their own (Tomaselli, 1951:67). Tran-
gects of plant species taken horizomtal-
ly or vertically from the entrance into
the cawve interior indicate that the more
advanced .';pcc{ua ﬁtrqnh:ﬂph?h&ﬂ——fernﬂ
and Flowering plants) occupy the ap-
trance areas but quickly disappesr
ag the light diminishes. Bryophytes
(mopgses and liverworts) are found
farther into the threshold zone, but
the thallophytes (alga=s) are the =ost
resistant to decreasing light and
thus penetrate farther lnto the cave
than any other green plants (Tomaselli,
1947 and Dalby, 1966). See Kofoid (1900),
Scott (1909), and Barr (1967b: 178-184)
for additional informstion concerning
algas in cawes.

Light reduction has besn shown Lo
initiate structural changes in tissues
of green plants (Dalby, 1%66). For exam-
ple, low light intensity restricts vege-
tative growth {(mitosis), thus reducing
the maximum potential size of the plant
{2.9.1 liverwaort). Dalby (1966} has shown
that the photosynkhetic area of leaves
is often increassd {e.g9., moss) as light
intenszity falls. The effects of pH, humid-
ity, substrate, and other physical factors
which create wariation even at the micro-
climate level has been discussed by
Mortom (193%) and by Mason-Williams and
Bangon-Evans (1958) . HSeeds of angiocsperms
are often washed into caves and eddolated
geedlings are commonly encounterad, having
garminated in the threshold or dark recesses
and appear long, thin, and pale. They have
no chloroplasts and are destined only to
death in their fruitless search for light.
Undoubtedly these 1ife forms contribute
nutrients to the intricate food webhs within
the cave ecosystem.
Hacteria are represented throughowt



cavea by both heterotrophs and autotrophs,;
although not uwsually together in the same
comunity. Numerous forms are carried
into the hypogean enviromment via alr
circulation, by animals (including manj,
and by secpage and stream input.

ha autotrophic forms are re=
presented by the iron bacteria
which derive their energy from
the simple oxidation of lron
compounds. These bacteria, like
the majorlty of bacteria currently
known from caves, are not confined to
grottoes, and are also found in many
surface solla. A possible exception is
the iron bacterium, Perabacterium spelei,
which may prove to be a true cave species
iCaumartin, 1959). Brock, et al. (1973}
noted that cbligately psychrophilis
bacteria hawve not evolved in or colon-
tzed bhes constantly cool waters of
caves. The sulphur bacteris are bath
oxidizeras and reducers of sulphur and
yield detectable guantities of sulphide
(Cubbon, 1969). Like the fron bacteria
they =mploy carbon dioxide (or bicarbonate]
ag a source Oof carbon. Hitrifying bacteria
obtain their energy from the oxidation of
ameonia to nitrite ar to nitrate, also
Using carbon dicxide as a carbon source.
Gram-negative microbes, such as Azoto-
bacter sp. and Clostridium sp., whan sup-
plied with an energy source {=.g., cacbo-
hydrate) convert atmospheric nitrogen
to organic nitrogen compounds {(Mason-
Williams and Benson=Evans, 1958, and
cucnot,; 1967} . Heterotrophic backeris ab-
wicusly degrade complasx organic materials
and liberate simpler substances which
have potential food walue for other or-
ganizms [sea Fliermans and Schmidt, 1977].
Organic debris may be imported by CloWwing
water of by wialtlndg arnimala, and wasta
materials deposited by cavernicoles all
gerve as nutrient resorvolrs [see Lavolis,
1980} . Regardless of tha snergy source,
those chemosynthetic microbes play a
fundamental role in nutrient oycling
within cave acogystems.

Intermediate in character betwesn
bacteria and Fungi are the Actindgmy-
cotes microflera (mold-1lke filamen-
tous bacteria) inhabiting caves (Lowett,
1949). These are ubigquitous soil or-
ganisms about which little ls known
excent their potentlal role related to
antibiotics, Caumartim [(1963) and
Picknett (L967) suggested that the
peculiar and distinctive “earthly”
odor of cawves is produced in part by
cave actinomycetes.

The occurrence and dynamica of
fungi in cavées have been treated by
Tomazelli (1953}, Hazelton and Glennie
(1%62) , Caumartin (1263}, Mason-Williams
(1965) , and Hunter and Thomas [1975).
The majority of fungl found in caves
are of epigean origing however, Tomaselli
11956) described a number of forma
that may be highly speclalized caverni-
coles,. Upon entering caves, fungi must
find a suitable substrate [organic
materisl, living or dead) in order to
gurvive, The debris and animal apd plant
life that are brought into caves un-
doubtedly alpoe have a host of micro-
fungal flora associated with them.

These fungl will conctinue to grow as
long as that substrate exists. They

may completely utilize that substrats
or bocoms gstablished members of the
cave soosyatem--the ultimate ocutcoma

is depandent on the types and counts

of nutrients as well as an their toler-
ence ta the phyaleal and chemical con-
diticn within the cave. Hegardless,

in time fungi make available [direct

or indirect) Food sources (such as
nutrlenta) for organisms already prosont
in the cave comsunity. Dickson {1975)
indicated that bacterial and fungal
populations may not only serve as basic
food socurces in caves but also may
influence the distributrion of sapecial-
ized lnvertebrate cavernicoles {Eee
also Dickson and Kirk, 1976). It should
be guite apparent that both autotrophic
and heterotrophic {see Firk, 19%73]
micro=-organi=sms are virtually "all owver®™
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caves (e.g., mud, water, dung, Lliwving
and dead erganisms, and even spelacthams) .

t should be noted that sewveral
pathogenic mloro-grganisms are
Enown to inhahit caves. Holsinger
(1966}, Wells (1973), Wagner et al.
(1976}, and Brucker (1973) reported
sawage polluticon in various cave
gystems and the occcurrence of coli-
form bacteria is undoubtedly bacoming
more common in cave ecosyeatems. This
is certainly apparent when cne compares
tha results of Gardiner (1971) and
Hoey (1976) --groundwaters in tone
gnvirons of Bloomington, Indiana,
are contaminated with fecal eoli-
forms and fecal streptocci, and
their densities have shown marked in-
creases in the five-year time span
which separated their studies. This
iz certainly not uncommon in Ohioc as
wall (e.g., Thompson Cave, Miami
County, receives sespage from a resi-
dential septic tank). The reader is
referred to Prager ([(1972) for an over-
view of ground water pellution in 0.5.
karat regions and Minsar and Patberson
{1973) for a discussion of ground
water contaminaticn resulting from
paptic tank system fallure. In addi-
tion to treating pollution, Wilson
{1977) briefly demonstrated the effects
of cultural eutrcphication and certain
caver activities on cave ecosystams.
Histoplasmosis iz a disease caused
by the fungus Histeplasm capsulatum
Darling. The symptoms and effects
are commonly similar to those of tuber-
culosis, being characterized by loss
of weight, fever, anemia, coughs, and
gevere chest paln, although guite often
the infectlon s mild. This ls a
cosmopolitan disease and is pregsant
in 31 of the 48 contlguous Onited
States [(Ajella, 1971), and the Ohic
River Valley is a particularly high
incidence area (Saroai et al., 1971).
This is an "scoupational hazard"
for Midwest cavers (particularly for
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Ohio cavers!). Shacklette and Hasan-
clever (1368} studied the affect of
flooding in a4 cave system on the
distribution of H. capsulatum with

the alr, soil, and animal life of

the cave. Beck et al. (1978) discussed
the occurrence of histoplasmosis in
cavesz in the central mountains of
Puerto Fico. They, Disalvo (1971), and
Ajello ot al. {1977) discussed the rola
of bats in the ecology of H. capsulatum,
and Smith (1964) presented an eradica=-
tion methad that has proven successiul
in the fight against histoplasmosis
{application of a 3% formalin solution)--
unGoubtedly this also greatly affects
other cave organisms a5 welll

ave Fauna A oclassification

systam for cave=-inhabiting

animals has been proposed

numerous times (see Schiner

1854, Gchiodte 184%, Racovitza
1207, Hazelton and Glennie 1962, and
Hamilton-Smith 1971): however, the
most commonly uted Syabtem places
anlmals inte ons of four ecologleal-
evalutionary categories (Barr 1963,
19ga] «

Troglobites-—otllgatory cave species
which ace morphologically spe-
cialized for, and restricted to;
the cave habitat; they are unable
to axist in epigean habitats,

Troglophiles——facultative cave species
which frequently imhabit cawvas
and are capable of completing
their entire life histories
there (many dol), but =ay occupy
ecologically similar habitats
cutside of the cave efvironment.

Trogloxenes-=species often oocourring
in caves but are incapable of com—
pleting their entire life historcy
in the cave Environment, genacally
having to exit for feeding ahd/or
nating purposes.



Accidentals—specioes which accidently
wander, wash, or fall into caves
and can exist thore only tempor-—
arily; they may serve as food
sources for rogular cavernicoles,
yet they are of no importance in
digtributional or evoluticnarcy
analyses of cave fauna.

Two other terms are alao employed for
certain cave [and surface) animals:

Edaphobites=-=-gpecies that are abliga-
tory desp—s0il dwelling forms
which may occcasicnally occur
in caves.

Phreatobites=-apeacies which are obli-
gatory to ground water habitats;
they are often found in slowly
moving interstitial ground waters;
thay are not nocessarily found
in caves and are frequently

samplad in sesps, springs, and
wells,

The distribution and ecology of
numeraus cavernicoles are inadegquata—
1y known, and their assignment Lo one
af the above ecological-evolutionary
categories is often, at best, tenu—
ous. Somn ganeral groups are charao-
teristically placed in specific cate-
gories: phreatocbites--some copepods,
isopods, amphipods; edaphobites——
sarthworms; trogloxenss=--bata, bears,
racooons, moths,; mosquitoes, manl :
troglophiles--some salamanders, boet-
los, srustaceans; troglobites--blind
cave fishes, soms flatworms ; isnpndﬁr
amphipods, decapods, peeudoscorpions,
spiders, millipedes; and a large num=
ber of insects. For & more detailed
troatment of cavernicoles, sea Vandsl
(1965 and Jefferson [1976).

0f specific intersst is the Erog-
labitic group of cavernicoles, These
organiams are highly specialized amd
show varying degrees of adaptation

for existing in the cave environment.
For example, there are nearly &0 species
of troglebltic decapods known from the
Americas {Hobbs et al., 1977), and
miay of the adaptations common to all
troglobites are recognized in thia
group. The most obvious character

that is common to wirtually all Erog-
lobites is a strong reduction in
Elgm:ntutLun, frequently a total loas.
Also cocnspicuocus are the redoced

eyes and; in the case of many trog-
lebitic decapods, they may com=
pletely lack faceted corngas. At-
tenuated appendages are characteris=-
tic of many forms, and numerous
troglobl tes tend to be smaller, ar

at least superficially more delicately
constructed, than their epigean rela-
tives. Although few data are avail-
able, a lower basic metabolic rate
(“metaballiec scanomy" by Poulson,

1963, 1964} is suggested for most
troglobites. See Schlagel and Breder
(1947} , Burbank et al. {1948), Tro-
ianl (1954}, and Culver and Poulson
(1971} for comparative results of
oxygen consumption in cave and sur-
face biota. Cooper and Cooper (1976,
1578) prezented data that indicate
cartain troglobitic crayfishes have
considerably longer life spans than
have beaesn proposed for any other cawe
speciegs. Ginet (1960, 1969} and Tar-
guin (1981} discussed loagevity im

the amphipod Niphargus and a nusber e+
troglobitie terrestrial species {=.q.,
Anthrobia——see Poulson, 1978a) have
prolonged life histories); all of
theaae examples suggest a correlation
with lowered metabolism. Froduction
of Fewer eggs in tregleobitic decapeds
whan compared with related opigean
apeciss (zes Bechler, 1981) 1z wvsually
associated with lesser available
gnergy in the cave epvironmsnt. Alas,
Hobbs (1973) suggests that individual
Famales within a given population

do npot necessarily reproduce annually

but resorb ococytes and reproduce
Foonaisued) 19




only on a staggered basis. Thus, in
addition to obwious morphological
sdaptations, many troglobites demon=-
strate low reproductive rates, extend-
ed life expectancies, and extrema
resgurce efficlency.

Animal specliea richness in caves
and dispersal potential, among other
Factors, are greatly influenced by
the specific geological formations
of the area in which caves are deve=
loped (e.g., continwity and separation
of limestone unles). "In the Appa-
lachlan Valley, where limestone
is exposed In many narrow, anticlinal
strike belts, species density per
unit area is high, and dispersal of
troglobites through subterrancan
channels is severely restricted
by geologlic structure. In the Mig=
elssippi Plateau, where thick cav=
ernifercus limestone is widely and
continuously exposed, there are
fewer Spocies per unit area; and
subterransan dispersal has taken
place over considerable distances."
(Barr, 1%67a:488).

ave Community Energatics
Generally, cave commnitiss
are regarded as relatively
simple systems having few
gpeclies and low productivity
(Barr 1968, Poulson and Whita 1969,
Culver 1976). Hotable exceptions to
this are the approximately 300 species
of animale and plant life im the
Mammoth-Flint Ridge Cave system in
Eentucky (Barr, 1967b), the riech agua-
tic fauna of the cave communities of
the Edwards Agquifer (22 troglobites
in the artesian well in San Marcos,
Texas—Holeinger and Longley, 19800,
and the diverse aquatic community of
Shelta Cave im Madigion County, Ala-
bama {Cooper, 1975).

As proviously mentioned, lackilng
the sutotrophic component, all cava
compunities (“complex” or "simple")
must depend on exogensus arganic
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material to be transferred from the
surface, Every cave or cave system
will demonstrate variances in energy
input over time and space. Hawes
(1939) indicated the Llmportance of
the flood factor in the ecology

of caves, particularly with reference
to food input. In addition, he, and
others, pointed cut that [loods may
operate as agents of distribution

and colonization as well as may
function to stimulate reproductive
activity and to trigger molting éycles
in certain ofganisms (see Jegla

1966, 1969, and Jegla and Poulson,
19740) .

Poulson (197Bb:94) has proposed
that "Energy availabllity depends
on rigor, varigpability, and pre-
dictability of energy concantration,
renewal, and gquality.™ Quite obviously.
all ocrganic materials da nat have
equal caloric values; therefore,
energy availability of certain foods
iz greater than others [(e.g.,; raccoon
feces are high payoff foods and leaf
litter is a low payoff food--Poulsan
1977, 1978k} . Undoubtedly energy
availability can affect greatly the
numbars and biomass that can be sup-
portad, can affect foraglng behaviors,
cvarall energetics, life histories, and
ultimately commenity organization.
Mditional information concerning
effect of energy availability can be
cbtained in Poulson (1973).

Most caves recelve food in the
form of dissolved ocrganic matter,
organic litter and detritus, bac=
teria, protozoans, and other organ-
fsms that are washed, blown, or carried
in. Temporal wariatlions in quality
and guantity are evident, with great-
est Ilnputs occurring in late winter
and spring. The mlicroflora, as poe-
viously stated, are responsible for
decompofition and transformation of
this allochthonous materlal, yet they
themaelves are sources of ensrgy when
detritus is consumed (the “peanut



buttor” on the "detrital cracker®li.

These food sources are supportive of

both the terrestrial and aquatic cawve
communities.

Guano is another major food
source of may caves. Crickeb guano,
as well as cricket egges and dead
crickets, can form a major food source
{Park and Barr, 1%6l}. Reichle st al.
{1965) found that Hadenoecus sub-
tzrraneus feeds almost entirely on
forest floor arthropods outaide caves
at night, returning to its roosting
spot durimg the day. The crickets
mipve Toward entrances in lake after—
noon and emerge at twilight, often
noving up to several hundred meters
rom the cave entrance prior to theiz
return. The gquano accumilates in a
thin layer {up to 5=-10mm deep) beneat)
raasts, but lts production is largely
limited to the warmer months o the
YOAar.

Rat guano not only servesn as
§ source of organic matter to o cave
but guano piles also function as dis-
tinct and complex scosystems. Spatial
variation im guans plles leads to sharp
microzonatiocn; thus there is spaWial
as well as temporal variabilley
within tha ecosystem. The increase ln
food input (Food pulse) that is imiti-
ated at each year when bats return to
& cave greatly affects the community
of guanobites. For further infoarmation
cencerning bat guanc ecoeystems the
reader is referred to the following
papers: Mitchell (1970}, Richards (1971),
Fack (1971}, Horst (19723}, Poulson
{1972) , Fletcher (197&), Martin
(1977}, Franklin (1878}, and Hill
{1a81) .

In addition to cricket and bat
guancs, dung of larger vertechbrates
(mammals, such as raccoons and rats)
ig another source of energy ko Ehe
cave syates. The heterctrophic decom-
position of this material is succeg=-
Sional and somewhat predictsasble as
15 discussed Sy Lavoie (198la).

For further information on dung
ecogyatems see Lavoie [1980, 1981b).
hz fecal material is broken
down and as allochthonous materials
are transported into the cave, they
accumiglate as sediments. Silts from
ajuatic systems as well as various
puds, clays, etc., from dry or upper

levels contain varying amounts of
arganic matter that ocan and are
ntllized directly and indirvectly

a5 Enerdy sources for some caverni-
coles. Most organlsms, however, are
not supported by arganic materials
from sediments and have svalyved
stratecies for coping with seasonal
Fluctuations inm organic imput [(sos
Kane et al., 1978, and Kane and
Foulson, 197&).

Although cave traphic webs are
comparitivaly simple and are known
for various caves and cave ayatems,
it is difficult ko work out complets
enorgy budgets for most systems.

The paucity of tropical troglobites
may be a reflection of the higher
energy input inks tropical caves
which lessens selection pressures
For snorgy-economiaing troglobitic
adaptations (Mlitchiell, 1969). This
is reflected in less complex food
wehs in tropical cawve cammunities,
For representative cave food wobs
see Mohr and Poulson (19686), Moors
and Sullivan {1978), and Hill (19B1).
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inal Comments  The cave

gnvironment supports com=

plex communities although

it is generally regarded as

"eimpie” and "predictable”
when compared to epigean environ=
ments. Even with its comparative
simplistic character, the cave col-
lectively is represented by an as-
semblage of varied habitats. Simpscon
(1964} ; Machrthur et al. (1966}, and
Foulson and Culver (19649} indicate
that increased hahitat diversity
often increases thes number of Epecies.
Culver (1970) suggests that in a
cave the best avallable measure of
spatial heterogeneity is length of
the cave (number and complexity of
levals are also meaSures), as greatar
length increasecs the probability
of varied habitats occurrlng. Many
ather factors undoubtedly affect
the complexity of cave communities:
gpacies diversity {(including richness
and egquitability); food (guality/
caloric availability, guantlity,
preadictability); environmantal var-
iability and rigor {(e.g9., flooding
—degres and predictability}; re-
source partitioning [(competition,
piche breadth, niche overlap among
species); reproductive and feedlng
strategles evelved by cavernicolesj
and relative age and ovarall compar-
ative stability of the cave, to men=-
tion & faw, Finally, it should by
strossad that the unidue cave an-
vironmsnt, although stable, ls a
sensitive ona. With increased ground
watar pollution and greater utilli=
zatlon of caves by sport cavers,
many cavéey are showing negative
(and long-term) effects. Probleams
of ground water pollution and “over=
gtilization" of caves ace not
unigue to the UDnited States and
should be immediate conccrns for
all speleologists, M
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