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CO-EDITOR’S NOTE

If the opposite of ascent is decent and the
oppaosite of climbing up is climbing down —
can the opposite of mounwineering be —
spelunking? Apparcrily, it is. Spelunking, also
known as caving, offers an alternative o all these adventurers
disappointed that the world’ tallest summits have been con-
quered. Spelunkers have the chance to discover underground
haunts never befre viewed by humans, Each year caves draw
thousands of adveniure-secking tourists to the underground
grotos,

Caving demands both strength and boldnes. It combines
the techniques of various sports — mountaineering, orienteering
and diving — to explore the most remote places on earth. The
jeurney only becomes maore enthralling as one clormbs, crawis,
swims and squeezes their way through the cave. Through this
surrealistic dream world, many have experienced a host of
emotions fram panlyzing fear o fscination and ulnmacely
complete amazement. This is the essence that the contributors

of Phaleos have fele and you will soon discover.

Happy reading!
Sara O Donrell
WSS # 0473

NSS # 48842

FRONT COVEI: Beth Hagen checking a nsubiple plate Diendy
stream sampler in Freelands Cave, Adams Counry, (o




A Biological and Physicochemical Assessment
of Freeland’s Cave,
Adams County, Ohio (1998-1999)

by Elizabesh AT, Hagen, USSR (MO0, NESE 16267 and
Karbrpn AL Gagolin, HUESH 0448

Abstract

Freclands Cave, Adams County, 2 one of the most
significant karst features in Ohio. It is currendy the longes
+L'-r'-'|-":-‘t'l:| cave [708m voral horizontal |:-|.'|1g1:|'|:l angd RUP PO thie
dreatedt diverniny nr".'trII.h.'lI:h' and rerrestrial fauna (37 ':'r'lr-:'iq;-:: af
any cave in the state. One species of importance 5 the
'.I':!gdh:'l:'ldlt carabid bestle, f":'r':l-l'-llr-.'pI’rIJ-'uu'rlu-qs aliaemsis, which is
endemic to Fresland's Cave, The cave is by diralegn cally
cofinected to a surface sinkhale that has had lang-time use bry
locali s a refuse dump. The objective of this research was 1o
camfipare current {Movember 1998-Ohcrober 1999 species
abundinees, distributions, and phf.-;.u;-;_'u;iu_-|1|i-_-.-,| characterssics
to previous sudies conducted in 1987 and 199, The densicy
of P shreeni vared tu'mrul]f.'. with populanon size h'l"-h"'“
during the months of july through September, ind lowest from
February through June. Population size ramgged from O to 38
visible beetles per visit to the cave, Most species tended o
utilize the cave in summer and fall months, but exceptions
were the moeh, ."!:n'lll'l'lPIFr:.".'d [bratrizc, amd thie bar, Epresine fusous,
which entered the cave only during wineer month, Precipita-
tion and seaion affected physicochemical characteristics. Air
remperature ranged from 10=127C and water temperatisce
varied from 7-11°C in the constant tempersture zone, dis-

solved GEVREN concentrahion fluctuated from -1 2"'_'-1-'1-. and
pH wvalues ringed between 5.65-9. 20, Mitrate and phosphate
levels were 1]i3.f_'||]l_.-' ':|||.'_|'|-.*r |.'m|.1|1.1:'-q'1;| Lo J'-rn_-t'in_\l_u. research,
while sulfite amounts were somewhat lowes, Low amounts of
iran and COpper Concentratons suppest lettle congamananon
trom the surface ankhole. Dot from ds stuhy woere sumilar po
ranges af 1987 and 1996 studies.

Introduction

Frecland'’s Cave, Adams County, Ohio, is a significant
solution cave based on 1ts size (T08m sotal horieontal length)
and its rich brota (Mitchell and Hobbs 1987) (5ee Hobls 1986
for a full description), A large surfice sinkhole, approximarely
200 mecters in diameter, 13 amated ar the southern end of the
cave near "Alley Craw]"-i_i"lb:urr B). This sinkhole s lnrdrologi-
cally connected to the cave’s main passage and prior 1o this
sty was wsed a8 a local dump, Large applisnces including
stowes and refr i_.;,ml!nn, many forms of E.I.I",'I.iE:..J.l:d ]:.l.h;lg_
rusting drums of unknown matenials contaminaged the
sinkhole. These wastes could potentally leach into the cave
system polluting the stream and harming the biota. Cave
fsuna are highly sensitive to disturbance, therefore 3 contami-
nated sinkhole could gready hinder species diversity. Conse-
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Figure 1. Freeland's Cave map indicating study site locations.
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Figure 2. Totsl number of B subfawus
chsansed on each visit 1o Freeland's Cawe,
Hovember 1988 to Ociober 1989
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Figure 3, Total number of C. b, cavalus
absarend during ach vish to Frestands Cave,
HMovernbar 1858 o Ocicbar 1858,

Figure 4. Total number of amphipods
phserved during sach vist io Freeland's Cave,
Movember 1968 o Octobar 1585,
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Figue 5 Total mumber of P, M B
phsgrved during oach visit ko Frasland's Cave,
Mowemiber 1506 1o Ociober 1858,
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Figwe 8. Total number of P, ahicensis
coserved ol sach sip throughaut Fresland's
Cava, Movembar 1538 to October 1859,
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Figune 7. Total number of lsopods
(Casciictea sp. and Liceus sp.] obsened
during each visit to Fresland's Cave,
Mevembar 1958 1o October 1595,
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Fagure B, Total number of £ longrauds
piparved during sach visk 1o Fresand's Cave,
Movember 1888 to October 1508,

quenitly, 15.4 tons of trash were reroved
from the aakhole dunng Movember
1998 and April 1999 by several different
local arganizations and caving Erotros
(Aehy TWY),

e cave habitat provades 1 sable
enviranment 1 study species diversity,
which it due to its nearly constant
remperature, high humidiey, and complete
darknest. Temperatures rensin stable dus
o the insulating capabilitics of the cave
walls, ceiling, and reduced airflow
(Gaillieson 1996)
close 1o sauraton, which 18 noCessary for
several terpestrial cave adapred animals
(e.g., beetles, millipeds). Aside from the
entrance areas no natural light penetrates
the cave. According to Poulson and

Hunsidiey is at o1 very

Culver (1969, a higher degree of sability
within the cave environment results in
increased biodiversing

The aguatic and verressrial biota of
Freeland's Cave i quite diverse {Hobbs
1986}, Ome specics of importance 18
Psrudancphihales ofeioensis, a blind,
errestrial, troglobitic carabid beede that i
endemic to Freeland’s Cave, The genus,
Prendamophthaleas, highly specialized
cave-adapted beetles, is represented by
145 dsolated species in the eastern United
States (one of five families, and 237
species of troglobitic beetles in Morth
America) (Cualver and Fobbs 2060, P
plioenss 15 & -.i!_-;|:i1'ir.'|n'. part of the
Freclind’s Cave community that inclodes
at least 36 additional species of aquanic
and terrestrial biota

Prevaioas soedies conduceed in
Freeland's Cave include the collection ot
binlogical and physcochenucal baselime
data beginning i 1985 through 1957 by
Mitchell and Hobbs (1987). A second
study of the biological and physicochems-
cal |:|l.|.1ii\'.1..' of the cave with specific
attention to Preadanophithlome o e
accurred if 1996 by Haobhs (195945)
Thene are two ohjectnes of this current
R 1y ressarch, The first was to
determine the community strocmre and
dastribution in Freslands Cave, The
wecod |1|_'|_: gotive was bo make COImnpark=
wons af current species abundances,
ditributzons, and physicochemical
characteristics to previous sudies con=
ducted in 1985 and 1996 1o determine
whether or not the dnkhole has altered
the physicochemical charactermstics of the
strearn within the cave. Additionally,
seasonal effects on the strcam and biot
were assessed,

Methods

Biologieal and physicochemical
charcterities of Freeland's Cave were
studied monthly from Movember 1998
through October 1999, Study sives
followed the cives main $trein passigs
except for one terrestrial site located In
the upper level (Site 3A = Figure 1], 5ites
were selected o obtain comparative data
with previows studics. However, in
sddition to the sites ampled by Hobbs
and Mitchell {1987), sites 1, 6A, 9, and 10



were sdded {ure 9 and 100 wene later
dropped in Moy 1999).
Fopulation counts wene made at each

sive by searching the stream, subsirate, and
all crevices for aquatic amnd terrestrial
cavernicoles within five-meter sectons at
each tesoing site. To atsess the

Persdasophihalimas ofdforuis populaton the

enire front 300m of terreserial cave
habirar wepe searched. Addinonal o
abserved beoween sites were reconded as
wisl]

Baiting and trapping technigques werne
uitlized ar several sives w0 obram a more
compiete binlogical assessment
were st seasonally and checked wathin 2
4 days a3 well a8 on cach remurn vasitc o

Teaps

the cave. [nfferent mraps were seq to
attract both aquatic and verresmial Ginma,
Multiple plate Dendy oraps. which
prosiite 3 habitat for aguatic bioca, were
set ag srtes 3, 5.0, 7, and 8. and remadned
i the cave stmeam throughout the sudy
Pirtall traps, Bom deep, baited with
Limburger cheese were ser ar sines 3, 3A,
5, 6,068, 7.5, and 9 to amracr terrescrial
Mesh bags baited with
shrimp were atached to pocks and left in

cavermicnles

I|'||.' SCOTAIT B ARETECE el

(117 '.|'\'|_'-.,|."._
mexinly sopods and amphipods, These
traps werne set ag sates 3, 4, 5, 6, andd 8
lerrestriad biota were classified as
troglomtes, troglophiles, roeloxenes, and
sccidenitals Aguatic species followed a
similar clasification except the prefix
SEPRO wWas wseel 1., '.I.'..'|.l_"'.'\'|'ll-q,".:: Fauna
YWOIT |..'|I..'||'.'\':|.\'_'.I'.'|1 ACy |-nl:|||5._' (4 n] I||I|_|||1|f|l|-
tat such as stream -:|'|.|-.:-I andl rifibe sub-
strates that ranged from st to cobble
sived particles), mud banks, cave walls, and
ceiing. Substrate where the organismns
were [ound was noted o assess the
habitat preferences of the bioga
Physicochemical characrerisgics
meassired mclade nitrate-nitrogen, soluble
reactive phosphorows, sulfate-sulfur, toal
iron, copper, anumonia, water hardness
turbidity, pH, salinity, specific conduc-
tatice, disselved oxvgen concentration,
percent oXyEen saturatbon, relative
humidiry, and air and water temperatures
Copper and amanvonia paramicters were
dropped during the study because resuls
were negligible, Precipitation data were
recorded daily by the West Union, Adams
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Figure 9. Nitrate-nitrogen profiles for
Fresland's Cave, Adams County,
Crhio frem Movember 1988 to Oclober
19949, Error bars indicate + S E.

Counry weather station Movember 163
!h!.'hllk:l'l Oletaber 1999 (Matonal Ch
matic D Cenrer 200000, which is
approasamsstely 20kni soutlnedt af
Freelands Cave, | ||'|:\. :||!.;|1 aiad loay
REITTNCE !:':'l":l'\ll".Jll e .Ll ifd Wit rl_'..llnl.\_'q_',
by the Illl!'\-\.l'ﬁ:lll'_ l':'l.FI:I.l_';q_i. Lalnty

wesrher stanomn i B ar [ i MR Ta Al .L':I.

VSkm norchwesr of the cave. for the
durstion of the -.r||.1':. (Marioral Climastie
1 Byt Coemrer 200000

IhEeee waner I|'|1|.'-\. Wi q_lll_l.'q_'fq,l
at all stxtions, whien ;':1-.-.|"-I|- agsd |'I..|'.-.i
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Figure 10. Soluble reactive phospho-
rows profiles for Freeland's Cave,
Adams County, Ohio from Movember
1948 to October 19949, Ermor bars
indicate + 5 E.

mio acid washed rq'-l':.'u'l:h-.'ln.-lu' ane hger
Boaton bottles. Samples were collected at
selected wites moving upstream m order
not o disturd sample sites. Mitrate
phaiphate, sulfate, iron, copper and
ANUTIOMIA Concentrations were deter-
tined vang 3 Hach DRELS2000 Water
Qluality Labaratory Kit spectrometer
Witer hardncin was awesed wang a Hach
[ bzt | Tieratar, and ‘.'.l.'ll;.ﬁl:'g. was
recarded with 4 Hach Turbidameter
tivode] #2100F All Boiton bottles were

|'\l!.|. £ il 3 ||;_l"|:- !||:_l||lI i .'-\.'\-|-_'r l|||.| wgieT

Fhaokear Vol 1% (1. 2) = 4
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Figure 11. Sulfate-sulfur profiles for

Fraaland's Cave, Adams County,
Qhio from November 1998 to October
1994, Error bars indicale + S.E,

chemistey analyses wers completed
wathin 24 loun of sampling mne

T ampcaswine pH, salisiny specifi
-_-\.'\-|'||_||_||.,|.\,|,||-_ [ .-|||-,| SRSIRE I|.'1I.I'|"|.-IJ!.LI|.' aysl
moeds] 635100 j"| |."..|','i|||'::\.'-1'|||'.|!IJ|.'IJ|'..'|.'
teaiperature meter was wiilized ar each
I||_|l.|.|1 il_ '\-\.il_; ”.ul'l:'.rﬂ 11'\.:.}:;'“ SO CTNITA=
EROf A |-\.[ ;'\-.-||_ﬂ.-||l: LY ll*-'ll samration levels
|_r!"_|||: STl Weie abtairsed with a5
:||-\.'\-\.!.-E 55 s ved |'|'\':._E:'\.'I1 ITHELET,

:’"r-;-.'-'-.'.'."'.'.'..|:.' ATl Electronic teanpera
pre data boggers, enclosed in submersble
cases, were pliced at vanous aquatic and
LEfiesld ..|| sakes !1||||I\.I:E;E:'\.'-IJI the cave. 1Data
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Figura 12, Total iron profiles for
Freeland's Cave, Adams County,
Chio from Novemnber 1598 to October
1989, Error bars indicale + 5.E.

loggen were set and retricved three ames
during the study duration: 18 February
1999 < 13 Apnal 1999, 17 Apnil 1999 - 22
Judy 199, and 24 July 1999 - 19 Ocrober
1990, Data collected fmom dara bogoers
inittated om the surface were not retoieved

due to theit of the dat logeers,

Resulis
Biological

A potal of 37 differsnt species of
hiota has been identfied in Freeland
Cave [Tabde 1). Twenty=six adehieronal
cavernicoles were identibed 1n comghar

10 [0 I'|I"I.'|l_'l|.l'¢. studies [Hobbs ]':'“'-].
The Ereale nember of Speches pbwerved
wes classitied as rnml;:r-iul.:':_ with a total
coare of 1107 indivicnal l::'-.'.!_:_l-::-p:'l.ll.t-l..
Piedall Lraps set at severzl sites attracted
:q;Fl' rummbers of -.pllulu:Jt!-: Sinella
iR, Chereby 1|5'.:|1|.I"u'.1.|| ty Icresang
the mumber of rrn,:]ﬁptul.r.-l. obaerved
Trogloxenss and stygophiles also had high
securrences of 354 and 452, respectively
I Freelunds {ave only J'-.-'r.'n.wn‘]ll'rliurmt
shtaeriis B clssified a5 3 topglabite and
the toal of 136 mdwechaal troglodated
reflects the forzl number of caabed
meetlics seven |:i1r-.'\-|15|'u1'.|! the yearlong
ctudy, Caeridatea spoas the only stygmbitic
cavernicnle identified i Freeland s Cave
Irends asiociated wath wezion and
lecatons wathm the cave were noted
with several fauma, The facmser mose
hikely results from preferred habiear a
respective ated (1.2, greater densaries af B
odisenesis were found ae sites wath
muodbanks), Correlations ssoctared with
sexeon were seen with the math
Sraliopreryx fbnnriy, the big brown bat
Epeman fusou, the salitary bar PipiscrelTs
b, the craytfish Camibini berdord
civaig, the amphipod Ceamiams mimi,
and the carabid beetle B ofrioeasis, Both S
It and E. feows ueilized the cave
envimsdmment only during winter months
Furthermere, because both species prefer
colder remperatures they were found near
the cave entrance in the rwilight zone, B
erfifierin was tound throughout the ennre
area of study, ver the populanon size
Aucmssred with season, § Il;_.ehn.'r OIS,
ranging from 7-24, were made during
colder months {(Movember throuwgh
Belarch), while bas were nrely seen
|_||:;|'|.r||'||: the cave dunng wanmer rvanths
(July through Sepember) (Fyume 2}, The
average number of 2 subflane observed
peT frip was ning and the numiber of bats
seen per visit ranged from 0w 24, Aside
fromn P swhifrews and B fusous, the Little
Brown Bat, Myars haafiepss, abvo wa
identified in Freeland’s Cave. However,
E, fusmy and M. ofigns demitics were
low and each of these species was
observed ondy on e visit b the cave.
The crayvish, € b caabin, was foand
comastently throughout the year abong
the stream in all cave zones (Figure 3.




Table 1. Total biota observed in Freeland's Cave

SPECIES

CLASSIFICATION

Plenaridaes - plannania

sP

Ciastropods Pulmonata - snail

Umstropoda Pulmonata - slug

[ Annelida - earthworm
Caecidotea sp. - an unidentified aquatic isopod

Lircens sp. - aguatic isopod

Haplophthalamus danicus (Budde-Lund) - terrestrial isopod

Gammarus minws (Say) - amphipod

2R

[Cambarus (Cambarus) barionii cavatus (Hay) - crayfish

L]
=

Creonectes sp, - crayfish

[
-4

Meta evalls (Gertsch) - spider

| Diplopoda - milliped

Acari - mite

Lycosidac - wolf spider

Leioburum bicoler (Wood) - phalangid

Pardosa sp. - spider

Hesperochernes sp. - psueudoscompion

Jinella cavernarum  (Packard) - springtal

Ceuthophilus brevipes (Scudder) - ericket

Ciryllidae - surface ericket

iCrermidac - water strider

An unidentified Carabidae Coleoptera - ground beetle

Fseudanophthalmus ohicensis (Kreckler) - beetle

Amoebaleria defessa (Osten Sacken) - fly

Culicidac - mosquite

i w] =1 ) ] o] 61 S]] 5] S] 511 &

Heleomyza brachypierna (Loew) - fly

Tipulidac - crane fly

Scolipteryx libratrix (Linnacus) - meoth

LDesmognathus [ fuscus  (Rafinesgue) - salmander

Ewrycea longicauda {Green) - Long-tailed salamander

Cyrinophifus porphyriticus  (Green) - salamander

| Pseudotriton ruber (Lateille) - Northern red salamander

Rana piplens pipiens { Schreber) -

Eptesicus f. fuscus (Beauvois) - Big Brown Ba

Myotis lucifugus (LeConte) - Little Brown Bat

| Pipistrellus subflavis (Cunier) - Eastern Pipistrelle Bat (Solitary Bat)

Peromyscus sp. - mouse

*Trogloxenes (TX), Troglophile (TF), Troglobite (TB), Accidentals (A), Stygoxene (SX),

stygophile (SP), and Stygobite (SB)

Pk Vol 19 (1,2




Population counti ranged from 0 o 7

I:I.IEI'I-':IjLIJI-'\- *on por st J.IJI.‘I J'|'I.'T.i_|.\."l.'d
.1'. ]'[l\."'\- Ly ] |.|:I|: _'IJ".TI:I:IEIL' I.'I.':I'!a'r-l‘l-ll.
population directly correlated wath
season. Juvenile erayimh (<5cm in
total length) were seen in the entrance
pool a1 Site 2 April though October.
The amphipod, . minng, population
size incressed during warmer moaths
] ||1 ] _.'i-l- |'|-\.|.|'|.';-c:|||.||l\. '|'\-|_'r Faigl “'_|_|
:I.l_'l.'rl_".'l'\--q,'l‘l (28] ||.'|:':.' ] |-:|E_1| -dl_|ri,|1_q 1_'||»;,:-]|_'|
months [Figure 4], The average
|'|||=|1':1-:;r |_..1' r_. Ipdmiie SOl |_l_'d l,'l-_- Y i'\-1|,
wis 15 and I::'||' |ag F\t'-.l .||_'\l||'|1|.j|1q,q_' REi= R

loacated m the enirance |,l.'|-c:-|

Pepuaam ||"Ir||I|.||I'|IrJ
|'-|'||.1|.|I.'||:|.'u| rh-n-:m_. I CTrased xigq:iri-
canily |uls .'I':r-'|||.|_.'_'|| Ociober |-'u|'\-|.|h-
ton siTe rangecd from 0 o 3% abserved
beetles per vistt to the cave, with
population counts ranging from 13 1o
AR fulw ||'|r-.p|:b:|:| "u.':,v.q.-n:l'u.-:' and 0 g 5
MMovernber ||:|r|1.||.l_|: _|1II'||" lihe av eTage
number of bectles seen throughout the
vear was B] (| Igune 53, P alvipengis
demsiry was highest 3t sives 5-7
throwghout the course of study (Figure
63, Previowus duts, collected betwesn
199 gand 199G, indicated no sexsonal
trenichs and lower beetle dennnes
(ot 19, Floweeer, visits to the
cave were on 1 less frequent basis and
baiomg methods were not oalized

Addinanal rends were observed
with certam aguatse broea. lsopod
dersity, bath the unpagmiented
Carridotea sp, and pupmented Lires sp
withan the cave stream aversged ezhit
and manged from 0 go 22 mopads per
viat (Fguere 7). Larens were foand
mainiy in the antrance pool at Site 2,
the number wanang fram 1 o M), The
denuty of wopods counted 2 ates
deeper within the cave systerm rangeed
fram () g 9 per sste. The greates
nrbers of the Long-Taled Sala-
mander, Furpdea omgicanide, vwere boond
between stes 4 and &, Papulaton
dersitses were 0 to 15 per cave yvisit
with larger momibers abserved Julby
though Cletober [Fuanre B},

Mipsicochemical characleristics

Several physicocheniical paraim-
eters were mesured througthoue

T8 Froleos Yol 1% (1,32)
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Figure 11. Sulfate-sulfur profiles for
Frasland's Cave, Adams County,
Ohio from Movembaer 1993 to October
1999, Ermor bars indicate + S E

Freelands Cave to e stream qualicy
Mitmate-nmigen (N} <N concentranons
Eluscruaned :..11'-:-.'.rh' Froier 10 ':l".:u-:_- I sr Sige
A on 18 Febroary o 3. 9mp/L ot Sace 5
on % Movember (Fyrure 9a-h). Yet, nitrage
ewels were fairly comistent during maost
Eestingg bvmes, ngeng from §L03mg/L oo
(LY AL wath o trenads observed
throughout the cave stream (Fgure Ya-c)
Soduble reactive phospharous (FCY -1)
levels gresdily remmmed bemweaen [01-

1 DL n the cave streamn [Frpure 1=
), although elevated concentranons were
recorded m .|III'||' amnd ?w|'\-r-:'rnl1|'r Frgire
U=, Mo trends swere determaned
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Figura 12. Total iron profiles for
Fregland's Cave, Adams County,
Ohio from Novembear 1998 to Oclo-
bar 19949. Error bars indicate + S.E.

slong the cave aream. MNirate |evels were
tairty similar to the study conductsd in
| RS- 1 U85, while |'||'|||‘§.E'-|I..'.||_' |levels were
sliphitly I'||‘!I_ LEF HN Previous wipdhes:
hiosvewer, bath resales are within I."TT{"C'rI'Ii
ranges {Tahkle Xy

Sulfare-sulbier (&€ !‘-hf- CONCE T IS
commuonby Hocnaseed aroumd 40- 1 50mng
L, yer an outying mexsurement was
recorded at Sire 1 m December (Fgure
I la=c). Mo defimte mrends were w2en
moving upstream from the entrance o
Sige K Sultfare TAMEEs Were 'lJl:l_hI:|':|'
lewovesr e the TUKS-1U9H6_ bat no substan-
ral dhfterence was present | Table 2
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Figure 15. pH profiles for Frealand's
Cave, Adams County, Ohio from
Movember 1998 to Oclober 1999
Error bars indicate + 5.E

|"':-Ii AFCH irl.'_l LEMIC LTINS W T
cansastently around .0 to O, 25me L
except i Aprid when tron levels fluc-
aved from 0 1%mg/L in Turkey Creek m
LB/ L ag Siee 10 (Fygure 12a-¢).
l"."-.li'l"."l:nlla".'. ."'|.|'\'I il 1IN CONDenITacns
were high |.|1n-'.|-{;'|-:-|_-.|_ the entire cave in
commparson to other tostmy dares, Iron
conccntratmons were [airly consistens with
previous studies (Table 2. Copper values
were conmatently low, varving from 0,0-

0.3 mg/l. Ths parameter was omited in

January becanse resubts were negligible,
Water hardness (CaCO ) level varied

Fr'r.al|'_-.'. ranging froem o S-250mgdL with

one outlier of 422mg/L present at Site 10
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Figure 16, Specific conductance
profiles for Freeland's Cave, Adams
County, Ohio from Movember 1938
o Owtober 1999

in Mevember (0 1gLIr 13a-&), Levels

resnmained Larly corgant -!'-|rn|||_:|'u,-'.|: ghe

cave length, while epigesn Turkey Creek
copsistenrly had |'|I!!.'I-c'|' 0 COncentra-
nons than the cave srreasm December
theough April

T.III.'IlEI!'!.' (TN v |,:.:r|'\:_' [
throughout the study, remaining around
0 1-90 NTU (Fgure 14a-¢). However
nereased mrbidity resdings were re-
corded in January and st Site 9 i March,
mcreasing up to 40 MNTL (Figane 14a-b)
When low water levels were pretent it
was difficult o keep from disturbing the

netits and the third saniple

SETESLIN &

often was highly turbid; therefore amples

that were fgnihcantly ey ted l.‘|.|r:|1|:

collecoon were excluded ErckT any
statwtical anabyses. Turbidity levels were
shightly higher than those in proviais
wtudees (Table 2)

The pH fuetiated from 3.65 e 9.3

throughowt the wudy duration; however.
levels remained fairly alkaline | |-|;._-||'.-r
133=c). The pH readings only dropped
below 6.0 in May (powibly due 1o 3
faulty meter) (Figure 15b), Mo mends
were determined througheast the cave

I

eam length. In previous studies pH
leveli ra I:-q_'.‘l o 556 0 & 15, and were
fairly consistent with the currene darg
(Takle 2)

Specific conductance varied

greanh
fram 14ps/cm to 77 "R e (Frpwre 164-
Cl. valoes _|.|II'I.|I'.' :|:.r||;,|_l__!| _"l._T- il were
conssstenitly at 150 [afem with meassre-
et mcreasing in Turkey Creek o
around 3 J VT i II"!-"-”'-' | ba-h)
Specific conductance in Movember and

grher,

June thowgh Ocrober wers b

commoatly ranging from 3500s/cm 1o
Li '1'.|'-|-" Cin ||.||.:|"'L' | fi=Eh, lon oo et
nuons remained fa

Iy constant throoghout
the cave lengmh aside from differing
measurements in Turkey Creek, Specif
comductande data collected from | 9E5-
A ranged from 84,8 e 415w/ cm
Table 2)

LixyvEen comcentration staved within
A-1leng/ L and ded mor fluctuate greatly
throughout the cave (Figure 17a-c)

Dissalved oxvgen levels in Turkey Creck,

however, aften differed from bevels
recotded in the cave stream, depending
o s, Ly En Condenirabians
measured on 23 [.||:|,:.||!. WD "'-F"""-"-l'“::-
lower, ranging from 315 ro 5. 35mp/L,
however, moit likeby this was due to 2
malfunsction of the probe (Figure 17a), As
onc would anticipate, oxyvgen saturation
percentages followed the same trends of
COOVECTL CONCCniratiodas, LET TR} oy TiF%-
P amd cave stream saturaton’s differing
1 compatason o Turkey Creek (Fgnre
Ha-c). Again, axygen sauration valhses

recorded in January were significantly

boweer than other wevong dares (Figure

|'~"'-l. '::"l.'-.!.'n.'ll cancentranons recorded i
1986 ranged from 7.61 0 14.42mg/L, the
ave

R WANECN COnNOos FIRFETIONEE, ||-_11l. TV
were within expected ranges of current
data {Table 2)

Phalsar Vol 19 (1,2) = B



Wiater temperature throughout the

cave varied moderately, Auctnating from &
to 13°C depending on season [Figure
19=c). However, cave stream tempera-
tures fluctnated less in comparion to
Turkey Creek due to epigean seaional
varmbion. Towards the entrance the water
temperature manged fram 6°C i March
to 139 i August, but beyond “The
Jeximat,” sbream temperatures anly varied
359 from 7.5 o 1190 (Fgure 20a-B),
At temperature within Freeland’s Cave
became increaungly mere canstant
deeper inta the cave, While epigean
temperatures rarged from -209C 1o aver
AT (Madonal Climatie Daa Center
2001, the air temperature recanded at
Site 3 wai less variable wath remperatuees
ranging from 5 wl6°C (Fgure 21a). In
the deeper cave zone (Site 8) the air
remperature only varied 2°C from 10 1o
12%C (FHgure 21k,

Discussion
El'r.lh:lgfmf

Freeland's Cave 15 considered a rich
cave both i terms nf:qu:::c and
terrestrial species biodmversity, Generally,
an environinent with '|1.||_.'_."| water qu J..Iil.'!.'
and :|-.11|:||;- niches wAll support 4 high
diversity of fauna. However, a species will
nat I.'L.'Eﬂ!.il.’i:':‘ aceiir i all tht:-.]ubilJ'h.
or microhabatats even if condinoni seemn
I\:']H'il:l'lJI. for survival. In part thiis s duie to
ey liartaged uppurl.un:ilt::- far -J-n[.:-cr-.-ﬂ
:'Ialgh'.':.-' .:-.I.Lplrd cave Faumd must peraid
1.'.|1|'Jcr!.'.n.l1.||:|dfl and becauvse of the SCATCETY
of food i cave e OEVEICITIA, Caves that
support fwo or thres '-|.'".'-Cif'- af
truj.:]ub:llu ot :-L:.'!.whii::- ate consdeped
rich in brora |_|"n-.|'|-.|:-|;. amd Culver |"h!r":l
F;'\-rl_']mu_r'\ 'f_‘..l.'r '\..||.|'||'\l|'|£ s 1|? tokal fErres-
erial and EIEINELITSg F LIRS '.||I.'II.II.‘|!II|E.' afe
endemic, :mpﬂuh:l ic beetle, P odinsemels snd
aive stygobitic Bopod, Corddotes sp

Frl_'rlah..'.'\. Cave |'|r|.'|-'|.'l-c|.|"|| the sahle
EIMAFCINEC DT NECSRary [0 Spport
rerresrridl cave A.‘l.apr.l:l. fanemia that are
FIRTLICN 1..'.-:._'.*|'.ril'-||' ti habacae -:'h.1113,r:
Caves ofren prnl.'u‘l.rh refugia for baota, and
while 1-.:_u.'.ri: fauna can more easthy monve
through groundwater to better snted
condateons, terrestrial ot are himeted to
yir fElled cracks and crevices withim the
cave habitr, While the .‘hlep Cave IONe
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Figure 17. Dissolwed cuygen
conceniration profies for
Fraesiand's Cave, Adams County,
Ohio from Mevember 1993 to
Dctobar 1958,

TEFTIANTS 3 '.IJ.I"']I.' emvaIromeent |.‘I|.Il\.' iy |J.I|'.||

constant temperature, humidiey, and
complete darkness, some seasonal trends
are present that are affected mainly by
surface temperatures and precipitation
levek. A strong correlation was found
with bat species and ther seasonal use of
the cave. B subflinus population size
greatly elevated Oetober throwgh Manch,
and sxgnificantly decreased June through
September [Figure X). Furthermore, the
few indvaduals ebserved during ssmmer
were nod hibermanng, as were the bats
counted during wanter months, In
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Figure 18. Oxygen saturation
profiles for Frealand’s Cave, Adams
County, Ohio from Movember 1998
to Oclobar 1889,

winter the abundance of B subfimas
incressed deeper into the cave system
whene temperatune increased and was
more constant, while E, i were
abserved 31 the cove entrance due to their
].IJ':,'[II_'FI;I]I_'I: for colder temperatures.

Aside from seasonal trends, relation-
'.I“.'r""“ with Tm."urrcd hakbatat conditiomns
sssockated with site number wene ob-
werved, The Freslind's Cave ernviromieiit
atfers of a wide svariety of habitats for
cave biota to cccupy micluding mikic
bamks, siream |.'|1-|.'|n|. and riffle substrages
Fanging from sale to cobble sixed sub-
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Figure 19, Waler temperature profiles
for Freeland's Cave, Adams County,
Ohio from Novamber 1988 to October
1999. Error bars indicate + S.E.

srate}, cave walls, and ceilings. Addition-
ally, 2 positive correlation exists between
species diversity and substrate availabilic
(Poulsan and Culver 1969Y, Within the
cave, amphapod daiseribution was associ-
sted with sites having preferred available
hsbitst, Cerain aquanc Fauna thowed no
correlation with season or position
within the cave. Aduk Camibaniz & RN}
wete identified throughout the cave
stresin 10 fary consistent mumbers
during the year, although the number of
Juvenile crayfish identfied was clovared
April through Ocrtober a1 the entmance

pool (Figure 3). Chver semi-aquaric biot
ncluding Ewrpees brapicands, however,
thowed definite trends with site mumiber
and season. B bwgiamds, found along the
stream banks and cave walls, had high
populition densities in April when
Hrmers Young were observed and July
through September as adults when water
levels and sir temperature were elevared
{Frgure 8)

Amphipads and Bsopods tended 1o
datinare the igream bio ta, Lnrlltdh:p‘- bath
prgmented and prgmentless forms
However, the number of pigmented
individuals was sagnificandy higher than
the number of bioea lacking Pigment,
While amphipad population density
icTeased -’Lprﬂ thmugh Oiceaber, i-.:_'upmf
abundance was grestest November
throogh I_|.1r1|.|::|':|-' and the I,.|.r|_r||_-s|: nembers
af amphipods and fsopods were consis-
rently abserved in the entrance poal
(Figure 4 and 7 Throughout the cave
the daeribumon 1.'-|.'-1!I-'I|']1ipu-.i= remakned
fiitly consistent sside from sdighe increases
in populabion size at sives 3 and 5, vet this
may be due to the influence of baits sor at
those sites, [sopod shundises ko
incrested at Sice 7.

Amphipod and toped populition
densities correlared with micrelabitat
availabiliy, Freelands Cave siream tends
o alternate between riffle and poal areas
with amphipod and sopod preferred
habitar asociated wath the underside of
recks and gravel in the riffie section or in
small cobble and gravel filled pook
slongside the faster Aowing warter.
Population density of amphipods and
tsopods collected in Benedict's Cave,
Greenbrier Couney, West Virginks was five
trmees greater in rifile sectons chan in
pocds (Culver 1982), This s related o 3
higher amount of dissalved oovped and
more food avalibiliny of detrimus trapped
within the substrate. Furthermaore, the
underside of rocks provides 3 place for
amphipods and sopods to feed 2 well 13
for procection from predators (eg.,
salamanders). Culver (1982} found the
ouly known predator of cave arphipods
and 1sopods to be the salimander.
Cayrimaphitus porphyritioe, alo identified in
Freclands Cave (Table 1). G porphyritin
tended to concentrate in pools along the

cave strean, Additional cavernicals

feed on sopods and amphipods include
Carmidvarnas by revnins,

Prevdanophtinelmus chioensis abun-
danice throughout the yvear grearly
inercased |uly through Seprember (Fipee
5). Availible preferred habitar, primarily &
mved banks present at certain sices,
positively correlated with an incressed
mumber of beedes (Figure 6). Precipin-
tion from June through October was leg
frequent but higher in volume, maintin-
ing the moisture level of the mud banks,
but expoung more optimal habitar during
ames of lews rainfall for the carabid beetle,
B alvioensis commonly was found in the
frans section of the cave on mud banks or
on moist sand and gravel near sream
‘evel and was seen in highest quanrities at
wates 3 chough 7, Dy comparing current
results with those of previous studies, P
ohipeinss scems 1o have 2 muodestly large
population size with an average of 11
beeddes irange U=} observed on each
vislt, Undoubtedly additional beetles
whabit the cave yet remain cryptic and
were not visible on sudy days, Freelind’s
Lave maintains a fairly stable environ-
ment, aside from human disturbance and
accasonal flooding, o wppor the P
ehivensis population. If current conditions
it Freelands Cave remain constant, the
beete populition can maintain it
presence in the cave ecosysen,

Physicochemical characteristics
Phystcochemical parameters in
addition to biological characteristics must
be analyzed in arder to form a camplens
ecosyitem assessment. Waser quality has a
direct effect on biota, particularly aguatic
fauna. Current velociey, substrate,
tetiperature, and axygen are the four
modt iinportant physicochemical variables
imipacting stream biota (Allan [995), In
arder ta suppart life disolved cocygen
level should range from 8 o 10 L,
Yer, provnd waier can exhibin o
dissolved oxygen and high carbon dioxide
comscettrations due o microbial proCes-
gt o ofganic matter as it passes through
the soil (Allan 1995), Freeland’s Cave
stream oy indicated lower dissslved
oxygen levels moving upstream from Sice
9o Sare 10, close o " Methane Alley”

Phalses Vol 19 {1,2) » 1k
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Figure 20. Water temperature recorded by Hobo data loggers set throughout Freeland's Cave
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Figure 21, Water lemperature recorded by Hobo data loggers set throughout Freeland's Cave.

Elevited decompeosition rates of organic
Iatier oocurned at See 10k, n.-nl:ulr.ln-!_' in &
higher biochemical cosvgen demand and
the production of carbon dioxide and
mcthane. Aside from a decrease in
dissolved exygen concentration ar Site 10,
oxviEen levels remabiied furdy consani
throughout the cave length (Figure 17a).
A significant decrease In oxygen was noi
present becasie Freglands Cave i3 2
shallow cave and water i= mixed often in
riffbes and anall cascades a5 it moves
rapidly chraagh the cave system

Dhuaring warnecr months (May
through Movember), the disolved oxygen
satration was greater in Freeland'’s Cave
sFeam i comparson (o Turkey Creek
due to the cooler cave sream tempera-
turss (Fgure 17a=c), Lower dissolved
oRYEEN concentration were recorded in
Freelands Cave stream than i Turkey
Creek during winter months when the
teanperatiire of the surface stream was
codder than the cave stream. These trends
were expectad beciwe calder water holds
nsoee cooygen in solunon than warmer
RIS
11 = Yol 17 {1,323

hoden

Mitrate=nitrogen, phosphate-
phosphoroas, and swlfitesulfur concen-
wranoan remmained forly constant through-
il the cave, and were ghly |*.|_T:-|'||1|_'-|1|
ol preciprtabion and water levels (Figore
Fa-11c)
teving dare, nitrate, ;'|'.|-'.;1i'|.|l::'_ and solfape

Adide from the Movember

concentratons increased when lictle
riinfall preceded sampling (Matiopal
Clizmatic Drara Center 20000), Lowered
cescenitratons duning tmes of elevated
pRECHMEARON Were due o dilution of the
s in solution.

Low levels of iron were found i the
CANE Vihear, |=.|-.-.:|~_-. due to low levels of
ian in the bedrock {Figure 122-c)
Aumanone concentrations were higher
towands the back of the cave, becase of

=]

imcreased accuwmmslason and breakdowm
sllochionous organic material in those
areas, Copper concenttations were found
in simall quaneities throughowt the cavn
vagpesting livtde contamination fmom the
surface '.i||.H|||||_'

Turbsichey remabned fandy low
througheut tlie study (0.1-90 MNTL
(Figuire 14a-c). However, turbadity was a

difficult paramister o measure acourately
due to the difficultses i collecting water
withowt disturbing the samples due to the
shallowy stream, low cellmg, and signifi-
cant amount of erawling necesany in
certain arca of the cave. Difficalses were
elevated during thimes of low water levek,
Turbidicy was high in the cave stream in
March and Ocrober when no ramnfall had
occurred for several davi, resulting in bow
streamm levels (Pasonal Climage Daea
Cemter MHH. However, increased
precipitation disturbed sedinents and
caused maore turbid warers in Janusry and
Jully, especially wnaands Site 8

Freeland’s Cave represents a dynanic
svstemm due o continuous chenacal
interaction berween the siream and
carbonare rich bedrock. Cave sireaims ane
buifered o resist changes in pH die ta
dissofved carbon dioxide, carbomnic acid,
bicarbonate, and carbonare bons in
soduion (Allan 19935). Frecland’s Cave
stream fended o be alkaline wich pH
commaonly ranging from 7 o 8 (Figuane
Adkaline conditions are doe g6
higher concentrations of cabclurn atd

152-c)




Table 2, Ranges and mean values of physicochemical data for Fresland's Cave

{15 Movember 1985- 5

August 1986).

Bile 1 2 4 5 L] 7 3
MmEan L.12 - - - . . 119
Nitrate (mg/L) | range 0.5.2.4 - - - - 0.8-1.99
mean 0.24 - - - - 013
Phosphate (mg/L)| range | 0.04-1.57 - - 0.04-0.36
MEan 39.86 - - - - 42.08
Sulfate (mg/L) | range | 26.3-61 - - - - 23.9-61.0
e 0,015 = - - . .03
[ron {mg/L) mange | 0.0-0.07 - - - - - 0.0-0.08
mean 0.067 - - - . . 0.045
Tushidity ranye Q- 1.0 - = - = - 0-4.0
meein 7138 1.22 714 698 702 6.93 6,82
pH range | 6.51-8.03 6.36-7.59 | 6,14-7.92 6.06=7.7 6.06-7.87 5.9-7.85 3. 86-7.81
Specific Condectance|  medn 171.97 193.83 155.3 166,34 16472 150.93 | 7266
{pSéem| range 113.363 109413 g81.1-307 BR.4-309 55.8-342 £4.5-309 103.3-341
Dissolved mpean 12.21 i1.52 11.59 10003 11.7% 11.7 10.67
| Oxypen® (mp'L) | range | 9.56-14.06 | 7.79-14.09 | 9.00-14 .42 | 7.61-13.32 | 9.87-14.23 | 997-14.00 | 9.20-13.33
mean 10,9 10.5 10.4 10.4 10.3 1.3 1.2
Water Temp (C] | rangs Tl-15.0 1.T-13.0 1.7-13.0 7.9-13.0 82123 71.9-124 7.8-12.6
mean 1543 10,84 11.92 12.0% 12,27 11.97 11.86
Air Temp (C) range 2.0-31.8 2.2-14.4 10-14.8 10.6-14.5 10.6-14.4 10.6-13.9 10.6-13.9
medn BD.78 o8l 95.36 98.18 Qg 08 82 9955
Relative Humidity] range 73-88 T5-95 O | 00 95-10: 93-100 2510 05-100

* Dhssolved oxygen was only recorded in March, July, and August 1986.

(Hobbs 1996)

magnesium bicarbonste and carbonate

rons 10 sodotion resuling from disselving
bedrock. Specific conductance values

tcicate the togal dissalved bons in
srufion and are important in determin-
ing water buffering capabilivies. Specific
conductance remained [xirly constant
throughouwt the cave length bur varied
between testing dates (Figure 16a-c)
From Movember through January specific
conductance decreased each month due
moat likely to diluton from increased
precipiation. Precipitagon rended o
increase slightly MNovemiber through
Janary, camsing higher cave stream levels.
Specific conductance values were lowest
iti February through March due o
freguent ramnfall and snowmely and
imcreased March through July as rainfall
events became lew frequent throughour
the summer. Highest values ocowrmed in
tinves of hithe raindall directly prior o the
sapnplinge date, as in Movember and on

days surmounding sampling, including Jaly,
september, and October. Water handpnes
exbubits 3 simialar mend to specific
comductance, with elevared reading in
Movember, July, September, and Ocnber
(Frgure 13a-=c)

Freelands Cave stream teniperatune
remamed fairly constant in comparison 1o
great variatons in the temperanire of
Turkey Creek chroughour the vear.
Groundwater temperature s asually
withim 1°C of the mean annual air
teniperature (Allan 1993). However, the
stream temperature of Freeland’s Cave
ranged from 8.5 to 13°C, which wa
within the average surface low and higehy
teimperature of 6.12 to 17.54% (Figure
15a=c) (Matiomal Climatic Data Center
20HH. The mean surface EEmperamire for
Adams Couney 15 between 6,12 and
17.54°C, therefore, the cave gream
temperature hikely « orrespands closely
with the actual mean surface SEPeEATUTe

ol the area. Furtharmore, the cyve sreeam
ternperatine varted more than 1°C
becarse Frecland Cave 13 a shallow cave
with several inputs of epigean water and
the seream only runs though the cave for
sppoccimately F08m (Hobbs 1986)
Ambient air temperature within cave
e tende to remain Fairly conscane,
andd appravimates the surface mean
anniaal temperature. While Mammaosh
Lave exinbats temperatures of 1360
1399 i remiode areas of the cave
(Culver 19820, smualler cave gysbema, such
as Freeland’s Cave, wall have 2 togher
degree of fluctuation of air eemperanure
and an even greater varation at the
entrance. Yet, in deep areas of the cave
the remperature will renian reasenahbly
comstant. The ambient sir temperature in
Freelands Cave ranged from 9.ES
to 1 2489 dn Sete 8, however, 1t Saee 3,
clomer o the surface, the EEmperature
varted between 454 15959 [ Fpgare

Moleas Val, 19 (1.2 = 1
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2a-b). The r]u-.*p Cave air temperaiure range of BER o 12,007

falls wichan the surface femperature lovwr and hlE‘J‘I of 6,12 o
5450,

Th 5.|:u::|1_.' rnl'.-l.r-:l.n'.i specics abendances, dissmbuiions, and
strexm pl:.g.ﬂ.nTu.'h emical charactersics wich previous sbudies
conducted i 1987 and 1996, Current daiz were amlar to those
from 1987 and 1996 and conclusions on observed trends were
based manly on precipitation and s=ason. However, anth ropo-
gemic influenices have ||:||.F-:|.'|:=d the Freeland’s Cave ecomvstem,
|.|1r]u..hn|_:| pa-.-:-aHe contanumants from the sinkhole |-.*:tr|.'|:||1;._; 1o
the cave, graffiti, and caver disturbance. While cave écosystema
proatide 3 stable environment for cavernicales, several threats do
exaisg, These threats melude LT the cave as 2 refuse Jump.
I:I1.I|.‘||5-L'|I.1.II:|:' sewage systema ;Fn|]|.1|:|.r.||5 groundiwater, road eonstruc-
tvon, landflls, ul.:--.mF cave entrances, deforstaton and other land
wis chanped altering water flow;, insecticides and herbacides
mpacting funa, mimng and quarrying ehmmating cave habitats,
and human visttors impacting funa (Gillieson 1996). Uang the
ankhale overbying Freelands Cave an 3 vefuse duiip can poten-
l:au'_.' !z_'rrul'l:.' tmapact baota I:lb'nigat: eavernicoled are |1|.|.:'||.|'..'
LEfAEive B Fu][u!anh and distirbances that can elimiiate certaan
fanpina, especially specied holated by high degrees of adaptatians.
P-l.'-pl.llilir:-l:u of eavermcoles often are VErY small and even limited
ul:llj.' ta i few individials within 3 eave byipllan] ] Tlais 35 np-rl.u”:.'

ceitical for endemic pecies, wuch as r’.:uuld'.J.ll.*pﬁHr.:imm nlipersis,
becyuse sinkhole contaminants could destrow an entre Species.
In conclusion, there were several trends bazed on season and
precipitanon The low amounts of COpper and mron sugEet hattle
current contmanaton from the nnkhaole. {Z|-.*.1r|.1..',1|1 arder ta
preserve the I? shirosres Flnp:u].il:mn. Freebnd’s Cave should be
Fll'\'.‘lﬂ.'i:l:l.‘h.t. Siricter measures must be enforced o prevent
ankholes from |:|r.~1||1.: oeed an losal du:np*:. and vinkatan bo the
cave should be himsted o prevent further duturbance. Futune
reseanch should be conducted to assure a sustamable pupulﬂlun
of P shicensis. Cave fauna are fragile resources and condervation
methods are necevtary (o preserves the b:ud:mnll:. within cave

ecosysiennd.
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Abstract
Previous research mndscanes tha treglophilic serrestrial
salamanders ||rq,'|;_-r monst conditiomn and emIpeTATLne of

13-24*C. This smady investipiies the environmensal

preference af salamanders Me rhade _,'-|',-.||'||:_1-c|.. and Ei i
Iompiean i i AEtve stream verses dry cave environrments,

O 26 Seprember 1998, bao cave systerms in Carter
Lounty, HI'IIIII-\.J\.F were assessed for salamander popaks
1o an relstion to the sream condinon. Salamander
species were connted, identified, and lengths were
mieasured in Coon-in-the-Crack Cave | a drv cave. and
in Cobble Crawl Cave, an active stream cave. Hoba and
Soow AW Y daga ngger recarded the LErnpeTature amnd kumidine
over 2 period of 24 hoas Eyghree

el R.'.l IdEnE Were
udengified in Coon-in-the-Crack | while one Euryea

i fit and two salamander lamve fori

that could not be identificd were found in

Lobble Crawl. The dam |i:-.|,1-\."'\-.'-'|‘| the

hvpot

es1s that an active SEFEITT CYREEITY i6

more conducive for terrestrial alam
and diy CTSADY Coon=m-the-Crack [ pro
mbire stable emdronment for the salamandes Lpecies

2 it s s

Introduction
Although cavernicoles share the commnon and
essenitiil bond of inhabiting many crack and crevice

habirats of caves, s distinet diversioy is dquite prevalet

amansg these cave dwelling creatures, One such i gt cant
difference i the
e
accidentak, trogloocenes, troglophiles, and troglobites (Moore
and Sullivan 1997)

vel of sdaptation Prescht m cavermicoles,

IF mapor levels of terrestrial caver micoles are -\.‘l-rlliu:ni L]

Accidentals are thoae arganEms that are not adeguarels

sdapeed o live m 3 cave; in order for survival they miuse exit ar

conLequ -||rl:. became ey tar ather CAVE OrEAnIsni T||_|!_r||.|_l.,r_'||-_'|.
CAVe guesl, caninot complete their whale life evele in the cave.
These organien such as saceoons, bears, or Bats are sipngilar to
accidentals in that they too muse evenmally exit, primarily for

.

Peedin B Mo (Cadlieson | WG, T r.1|;_||'|5l'.'| les, krvown as Cave
lovers,” are unique due to their ability to thrive side a cave

il

A Comparison of Salamander Populations in Cobb
Crawl and Coon-in-the-Crack I Caves, Carter Co.,

focus, Comparisons of salamander populations in dry cave
CIVIMONIMETIL Versis 4 cave environment with an sctive sream
were made based on findings in both Coon=in-the-Crack Cave |
{Figure 1) and Cobble Craw] Cave located in Carter Couny,
Henruck,

FATEingE Bromm ||.'.|.'|||||: o aclule, Previows af

[1956) noted tar

hodew ghitiners in Coon in the Crack Cave

permanently withour any sersous chreat to thetr
ibso may make their habitat just 2 easily outide the
of a cave. Even more unigque is the face dhar aleth
trognophiles are able 1o survive as cave dweller 3l
lives, no physical signs of adaptation are apparent S8
lows of pigment or elongated appendages) (Moo
aned Sulltivan 1997}, Such ongansms inc .

.Illit

ishes, and mmerow insect. The

salamanders, cray

last caregory of terresteial cavernicales, Im:_:l._ul-utn,
COMSOTes those DrEansans thar muse Femiain '.r|'.|1.|.n
3 cave for survival, As 3 resule troglobites such

I|II|:1|:Il.'-\.:'."\. and "'P!LII-'!'- il distimice F.:—;-_-..,|_-_| SEQME .-f
adaprasions such as small, frag

Ie bodies, than

ippeidages, longer antennae, lack of pigmentacon,

and heightened senses with the excention o sight

since most troglobites are blind (Gillieson 159496

Moose and Sallivan 1997),

The project discussed in chis p

on troglophilic salamanders. Two species
Plethiodan glutimosws (Slimy Salamander) and

Exiryeea lovgivanda (Long-tailed Salsmander), are the

Salamander length indicares the age of the salamander,

hes by Huechinon

length messurements of adult E. lompicauda
and these find s indicate a magority of adulc meales and

- ) g | =
termakes with a length of aboue 14-17 5¢m and juvenils

ranged from about B-10.7am. P plurfionms can grow to 3
length of 17em (Cowley 1998)

Bach specics respire through their skin and are
CatCgarl red ai i |||_._-ii_-u. szlamanders [ :.;:.-,n,-l.:':. 1'_J'||ﬁ_|_
Three major groups of lungless salimanders are found
in the castern LLS Il.‘.Il.il.:l_ti.l.'llJ_ Brook, amnd Das i;'!_l 2

dierus falls wnder the Woodland division while E

wdd fits imto the Brook diviston (Neumann 1998)

In general, salamanden are ofien found in coal,

I 3
il |

Plawes Yol 19 (1,2) + 16
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damp areas and require maist conditions for supvival. Conse-

quenthy, humidicy plays a principle role in their eavironment

und their distribution H'Fh |1|_|1||:d|r!.' (near DO it 3 trinsket:
low-humidity conditions can kill salamanders after only 3 few
hiours. .al.lttll:!ll;nh TG ESTLRE 18 L'-.\.rr;l:-__;;. actnal submes mEfce 14
wor always necessary and can be harmful. For example, P
fieninesr can drown in a |"|'||_|'. Becatse N Specied is ._-|-‘|_|_-|_-|-:,-
werresrial. In fact, I plienisoasy |2y their eges in moist areas on
land whereas most salamander species, including E, lomplesids,
lay their egip in water, The salimander B lomgicands & capable
of swimming and their young are aquatic from the mament
they are hatched,

alamanders require a temperature of approsimarely 13%C
w0 247C. Specifically, the ideal temperature range for lungles
ialzmanders s 13°C o 21°C T{||'.|,'l|_-.-.:.|_ur|_l-l. of 299 o h:!-:l'.l::
are considered a dangerous threar o salsmander surel
(Meumann 1998)

All salamanders are clissified a5 carnivorons, They ex
monthy insects, small spiders, worms, and ertckets. Yer in is noe
uncommaon for them to eat plants 35 well (Newmann 1998
Flies compose 2 significant percentage of their diet. Experi-
ments imvolving the dissection and study of the digestive mract
of bath E llﬂ."_l.!ll'.l-'-ll.l..il and P glutinos |,1r.,-|-.\_:-r|:|11.‘| by Peck
(19740 showed that dipterans such 3 Chelorethida, Caoleapters
|".1-.'-:-r!-.:".:-.d:i':| Oir ll:u;l'!:rn [tTickes) are cammon prey of E
wife, while Acarina mites). © |I|J_-|_||_'l|:._- ra [bestle), and

Iomgic

Fy M B T LN o [ '.'-'.'.-\-|'"\-'- are prey o _Il?_j.'ll'l e 1L

2 giulimins has a tendency to cat smaller items such a5 enall

podurid Collembala (sprisgrail} (Peck 1974). Barr found
smais, 0 ||E|i.l.'|.".|.."|. flies, as well a5 mioss and lHmestone fragmenes
an salamander spomach analyss (1967

Pl vwo Carter Couney, Kentucky cave systermns studied
were Coon-in-the=Crack 1, lacking an active stream passage,
and Caobble Crawl, with an active stream runming chroughou

vs lemgh, Coon-in-the=Crack [ is a dry, solution cave,
approximately 212 meters in lemgeh, and rarely receives human
visitation. The loor s predeminantly sile covered, Cohble
Crawl, on the other hand, i 3 generally narmow, ellipaical
pamage with an active stream that drains through the cave
paaage. The sweam & of medom o high velocity o indicared
by the presence of sinooth, smaller-sized cobble. This cave abo
|'a.l.'\- a tenddency o flood, & indicared |":. the prescnce af st k.
and mud on the cave ceiling. Various sandbars are located
throughout the cave’d passage, there are few speleothens, and
the cave is visited by cavers much more frequentdy than
Coon=m=the-Crack 1.

I'he bypothesis for this study s that an sctive arean cave
cnvironment is moic conducive o cave sabimander life and
diversity than an iksctive cave siream environment.

Methods
Coon-in-the-Crack Cave | ;
toio caves within clowe prosimity of esch other bt Carter

ikl Caobble Crand Cave,

Laves State Park, Carter County, Kenmscky, were studied. On

20 Seprember 1999 the caves were entered 3t approsamately

1600 and salamanders were looked for in every posible
reified,
1] '|-.'::_..':..':- omanon (€8, cutrance, twilight, mtermediane, and

ey i J.I'll.‘l Pl\\.'lﬁ.'.lll.ll:."h\'f GO Was t-ul_||:.; 1IE “Way ;,.'

datk zones) in which it was found, and location (e.g., floor,
shelf, ete.) were determined. Lacation also was nowed on a
muap of Coon-in-the-Crack Cave [, but not in Cobble Crawl
Cave since no map exists, In addition, the general moisure
conditions and sobsrace where the salamander wa located
were recorded

wAway temperature data loggers and Hobo humidiny

data loggens, triggered by another ssudent group, recorded dat

e and 2 half and were et in the caves for 24 hoan,

BVEFY §
In Coon-in-the-Crack Cave [, a data logger measuring

temperature was placed i the entranec pit and
F

uta loggers
tetiperature were placed
FUEFVEY PHOLEES Al and A% on the loor and q’_|:;,|]|'|F n:'-;i':r-;ril,;i:l

measuring bath humadioy as

:Fll_l;\-llz 1). In Cobble Craw] Cave, dats loggen measuring
vervperature were pliced 10 meters inside the downstream
entrance and one-third of the distance through the cave,

bath on the - r;i-_nh-.

Results

in Coon=in=the-Crack Cave [, eighteen P plutinoi were
o mostly on ledges in droy oo moise sile
feep an the cave
beyond survey station A9 (Figure 1) in the colder temperature

lescated and meas

T.I'."']I: : Salamanders WETE A0E _'-||'_||:;'_

pone of the cave (Figure 2}, Modssure conditions varied
throughout the cave passape (Table 19 In the & xtremely wet

lII'.I'.l'.lf. AITds, sakamendery w Lic 3!1'\.1'”:. bug T |'\-r."-u.;.-_;|| M

cither wde of the muddy arca where the passage was drier

{Figure 1}. More P glutinmms were seen, but either moved

quickly away from our lights and were unable o be measuned.

ar were hadden almos cotmplerely i cracks. Humidicy was

COREEANE ot 1THMYS amd e Mmiperature varied betweern 12-15°C
o |i|-\.' CHEREACE 10 ey |-||'||!-\. ."‘|| _|r|-_| A4 If':.:l.l.'-:". :_' .|'|_| .1- 2
Cobble Crawl Cave was significantly less populated. One

| I'.-r-.'-'-.l|- b wan founsd in a drv side Passage abonee seream level

(Takle 1} Two salamander La vac. belicved to be | _:_|||1.___'|

down passage (Table 13, The

ol

VT -|='--\.'\.l'\".':-\."\.'. i the stream

temperanires collected from the data loggens indicated a range
of 13.5-14°C (Figure 4). Mo humidity daea were available for
Cabble Craw] Cave.

The lengths of all inadivid

sl P plwremonan raanged from

-2l e and the one E. & ta Toaiind was 9cmn. The two

larvae forms belicved ta be E, ":'.;-lull.lll. WITIT .|F'F'r'-"'-ill"-_tl:'|".'

3 centemicters in gotal lemgeh {Table 1),

Dhscussion

I comparing the active soream pasage of Cobble Crawl

Cave and the dry cave aesaipe of Coodt=iri=the-{ ek e [
g

a correlation between the salamander species P glutimasiig aned

E. fespicauds and preferred habite was determined. The

salamanders surveyved do not prefer the active stream cave
environmient of Cobble Crawl Cave, but prefer the dry cave

Plsdees Yol 1% {1,3) = 18
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environment of Coon-n-the-Crack Cave [ where eighreen P
plerimenn were reconded. One B longicands and oo larval
salamander forms, believed o be E. fompicands, were identfied
in Cobble Crawd Cave. The active stream of Cobble Crawl is
not comlucive for P glutmess survaval, bus facalisacee for E
lorgicandia. The majonity of our finding were in Coon-in-the-
Crack Cave 1. Thercfore, the drier cave s preferred for

sslamander life in conipariion o an active soeam cave, thereby

disproving our hypotlicsis.
I chis study the size of ol sabuander lenggh was
recorded, R glutinoins lemgths ranged from 5-20cm and the £,

19 = Phalrar Vol 19 (1.5
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lorgiraida found was Yem. These data can indicate the age of
the salamanders ranging from juvenile to adult, However,
informarton showing if the @il was attached was not recorded,
w0 the measurements do not completely indicate the age of the
salamanders. Iaformation an the ape of the salamanden
pertains o salimander preference toward actve stream veres
dry covironments because salamanders in the larval stage are
aquatic and "breathe™ by exchanging gases utlizing gills, As
the silamanders mature they lose their glls and exchange gases
thioiggh their skin (Moore and Sulbvan 1997). P plufinons
found in Coon-in-the-Crack Cave [ were all adule and
therefore respired through their skin, Furthermore, P giitimeis
are verresarial and cannot survive i the extremely wet
cendinons of an active siream a3 found in Cobble Cravd Cave

P plisiaresas reside primarily in cracks and crevices. In
Coon-in-the-Crack T most of the Sliny Salamanders we found
in cracks and on ledges along the cave walls and floor. The
salzmanders surveved in Coon-in-the-Crack [ were found in
the moderate o dry sections of the cave and not in the wet
sections (Figure 1). P glutinean” teodency to drown il
conditions are oo wet and the locations of salsmanders in the
cave with regards to maisvure level further indicate the B2
plariross’ preference towards dricr, inactive stream passages
such & in Coon-in-the-Crack Cave L. Furntherimare, the riing
and lowering water level in Horn Hollow Stream directy
affect Cobble Crawl Cave as indicared by the stick and leaf
litter deposited along the ceiling. Coon-in-the-Crack Cave [,
however, is located 50-100m above stream level in 3 hillside
and s mot influenced by a stream. Therefore, Coon-in=the=
Crack Cave | 13 an wdeal habitat for P plutimesus becanse it 13
not susceptible to fooding.




Table 1. Data Chart for Coon-in-the-Crack Cave | and Cobble Crawl Cave

Caon-in-the-Crack | Cava

| Species Total Zonation Location Moisture
' length (cm) conditions
| where found
|__| Pglutinosus | 3 Twighlight | Crack in wall Dry rock
2 | Pglutinasus | 9 Twighlight | Floor Diry silt
3 | Pglutinosus | 10 Twighlight | Floor Dy =ili
4 | Pglutinosus | 21 Twighlight | Floor Diry silt
5 F._g!';:rr'nwul 11 Twighlight | Floor Dry silt
6 | Pglutinosus | 17 Twighlight On breakdown pile | Dry rock
7 | Pglutinosus | 12 Twighlight | Crack in wall Moistrock |
(8 | Pglulinosus | 20 Twighlight Crack in wall Moistrock |
9 | Pelutlnosus | 14 Twighlight Crack in wall Muoist rock
10 | Polutinosus | 16 Twighlight Crack in wall Muoist rock
11 | Pglwinosus | 17 Twighlight Ledge on wall Moist silt
12 | Pglutinosus | 12 Twighlight Ledge on wall Moist silt
13 | Pplutinosus | 18 Intermediate | Ledge on wall Moist silt
14 | Pglutinosus | 18 Intermediate | Ledge on wall Moist gilt
15 | Pglutinosus | 9 Intermediate | Ledge on wall Moist zilt
16 | P.glutinosus | 6 Intermediate | Ledge on wall Muoist silt
17 | Pglutinosus | 11 Intermediate | Crack in wall Moist silt
18 | Pglutinasus | 10 Intermediate | Ledge on wall Moistsilt
Cobble Craw| Cave L
Species Tatal Fonation Location Moistune
length (em) conditions
| where found
1 | Elongicauda | 9 Twighlight Crack in wall Diry rock
2 | Unidentified | Approx. 3 | Intermediate | Stream W
larvae to dark
| 3 | Unidentified | Approx.3 | Intermediate | Strcam L
larvae o dark 1

':..1¥IT |_'hl_a '!.I'lq_l'i.‘. l!|_|1 {_II_II_'II_'I-L' [_-.t.u.'-.rl- SLFEAAE E'.‘l'\-‘i.'l:!:l." 15 [
active for [ phrnesns salamanders. The salamanders may be
'J.'.|lE|_|_'|.I kit -'\-|- !h_— Cave -\.;.|_||_' Bk 0% ||:F|'| I:;:l..lc'l'u.' v to Hlood with
:.“HII '\..'\c!.._'\.-;,;l:.' SRS Fu: r|'|-.-| e e, the nmonber of crevices and
passagres in Cobble Craw] Cave thar are protected fram
._.I'I:‘-l.'||.|[||F A AT, Th-q_'l\.l_' .,,-q_|||q,| thons tuether :'h.-:'l'l'.l"'lll"- whry
the Slinay Salamander was not found in Cobble Craw] Cave
E. longicauda preber wetter conditions, but due to the lack i an
upper leve] and crevaces away from |'||'|-|.":-.‘EI!!:.|L waters, fewer
ML ||_:-rrh. |.'|-'|- I\...||.|:||..'|:|.‘|.-|-|‘ﬂ. e ||.'\I|J:'|l\.‘|

Though the dry cave pasage did not have runnming water,
there was sull sufficient molsmere to sustan salamander life
siince the humidity of Coon-in-the-Crack Cove | s at 1008
(Figure 3}, Because lungless salamanders absarb oxygen
r|‘||.'b-I:IF|'| their skan, 100G |'.IJII'|I.‘|.II:'\:.' 1z needed for theie dala
manders vo sustain bfe, Caves |'\-rc".'|-.'.-_- ideal emvironments for

salamanders becanme humidiey bevels in most caves resde at or

close to 10, However, the aquatie salamander larvae tound
in Cobble Crand Cave need to be submerged i a stream o
pool ermamnment m onder to exchange gases via gille, MNo
acinatic larval forms wete found in Coon-in-the-Crack (Cave |
because the conditions are not witable, (e 5. 0 -‘|rl|*- ['-~II|‘=~.
tiream pasiages, et ) E |I|'||:.|_':||I:|||II |."\l'|<'l ACTINE ATFE3IN B I'\--€_|:::|'I.
|'\.|_'.L duke lllq::.' || 18 ||1.L' _|t|1!1l:.' 15 SIR1TER amdd can survive m
yebter conditions 34 well 43 a8 ares with 1OERS homnadery

|_||, EETri Al .|'_. I|1.L' Bk |:|:_l:|‘. snd ingermedizte 2ones of the
cave 14 '\.1[1_||_'|E-'_' 15k COMParien ta the comnstant |-:':1||'-|-r;|| re ol
the deep cave. This is due o the influence of the entrance(s)
_1||-_| i _n_|||JE|_||:_; =k -||| RELRLEE '!-rll'll'\ll". ¥ture Fons ol caves |
|_|~1|;||'!, |_|q,'!E|||q_'|:.5 :'\.. ||1.; EH I.L'|:||'4.-| 1L hl\.'\-’-.':'.‘l:'.g near the miean
_1r|:;||_:| I_-_-1'|TrrJI'||:' aff the surface and s boffered from or
minvetterns by the cave walls and maod (Dallsesom 1920, In
Coon-ii-the-Crack Cave | the cemperamere was 150 at the

entrance .|:.||1.: e 1r|.| 124 im the variable IR e ramire
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zone of the cave (Figure 2}, In Cobble Crawl Cave the
temperature obtained at the entrance was 14"C and 13.3°C
deeper in the cave (Figure 4). The lungles salamander species
studied require 2 temperature of 13-217C we support Life
(Neumann 1998). Therefore, the empemture conditions
where salamanders were found in both caves were adequate for
both B gheimasies and E, longicaneds species, Furthermore, B
ghuriross were found closer o the entrance and in the owilighe
(o intermediate zones of Coon-in-the-Crack Cave | and not
in the variable zene; the temperature in the variable zone is
one degres below the optimum temperature for lungless
salamanders (Neumann 1998), Therefore, the salamander
species reside closer to the entrance in the preferred tempera-
wure range. Another reason for finding salamanders mainly
near the entrance might be because the salamandens often
leave and therefore do not venture deep into the cave

Both salamander species surveyed are troglophiles;
therefore, the surface cloie to the entranee could be inhabited
with salamander species. Furthermore, salamanders are
heterotrephic and their food supply i more abundant cuside
of the cave ecosyvstemn. [t bs reasonable thar our data collecred
show the highest number of alamanders in the twilight to the
tntermediate zones of the caves, ide from the two larval
forms found in the stream closer to the mid section of Cobble
Crawl Cave, if the salbaranderns leave the cave o feed. Bur,
even if the toglophilic salamanders complete their life history
mnsade the cave, it 18 _||;u'.l:i.F.|:||.1|.-|: to And slamanders closs ta
entrances where the highest amounts of allochthonows
materials enter the cave syatem. Areas wath high coscentra-
tons of allochthonows materials have higher amounes of
energy and therefore, patentially higher biodiversity, meaning
(EE]g i t.IJIJd Fi:lr '|II.IJEL'|J'.|]L'J_I.

Conclusion
In thas ssudy all visible sabmanden were ascsed. Mea-
sures were faken o search all crevices, yet there i3 abways the

high probabilicy that more salamanders were still hidden. In
our data collection we made & populition count without the
wse of baiting techniques such as pidfall traps seg with food. By
utilizing baiting and trapping methods we might have asmtained
2 more accurate count of the salamander population sizes.
Also, collecting more than one das set would provide 2 more
precise salamander population count. Surveying the sala-
muander populstion size over scasonal changes would deter-
miine i this was a peak tme for the salamanders to enter the
cave sysern, Salamander hibernation cvcles need to be
assessed to determine whether or not the large population
found in Coon-in-the-Crack Cave | resulted from increased
numbers of salamanders entering the cave for winter, A year
long study would gather information on seasonal changes in
relation to salimander populstion density as well as provide a
miore accurite populaton censn by obtainimg numerous dats
s,

[nformation on recent weather data could be ated to
determine the condition of the stream running through
Cobble Craw] Cave. Foecent storms in the area n'l.lE;h.-'. result 1n
'ﬂu:u;.ding of the cave that could have washed our salamanders,
causing lower population counts. A weather gauge left outtide
ﬂrlh‘: CHYE ENTARNCE “\DL‘IH MEEIre raimn !E"-'\II:'J.'I

When w.l;l':,qng salamanders helmet ]LH]'!I‘:I E'ighltﬂt\d. the
Hl;mand-:n, s ped covers over the Iiglm wortald dhield some of
the white ||E|'.||:. The ather specied of brota feund in the cave
can serve a5 indiciors of the wlamanders’ load iauies ta
determane if the alamanders were eatng ather cave biow o if
their dist consasted of epagean fauna, indie AT thar the
salamanders left the cave svsbenin B0 feed. Ta .ﬁ.l]i:.' deertiine
the wlamander d:n:l, hawever, the stamiach contents m.
I.|'||.‘|I'¢'.||.‘IIJ.'II 'ln.'lJJI'IZIJI'II.‘II’.'FI '-'a'L1lI]|.1 I:IEEI] Lie] B‘l’ mrﬁt\d

Further study 15 necessary to aseds more completely P
ghittncyus and B lomgiamda. Alio, other cave sysieins could be
8 un'r-,'e.l to determine a SrnEer carfelation berween active
versus inactnve cave streanis aind salamandes pl'ltr:.'!'ltlh.'ﬁ
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ABSTRACT

The Indiana Bat (Myotis sodalis) is & medium sieed Myotis
bas, closely pelated to the brown bat (Myotls belfiepe). Myonis
sodalis weighs approximately 6-9 grams, and is about 4 cm
long, They navigate like ather Chiroptera using echolocation.
They prefer small badied intects to maineain their diet. The
average lifeipan of a banded Indiana Bar was reconded between
14-15 years, although some have lived to be 20 vears of age.
Karst eopography yielding imestone caves are preferred
hibernacula. Hibernaton 14 crucial to the survival of the
species in which the bat enters a prolonged stare of torpor.
Dhsturbance of the Indiana Bas L|.|.r|:1§ this tme may lower it
chance of survival inte the spring. Rooesting in riparian forcn
13 4 cracial habicat for the Indiana Bar, expecially for materniny

roosts. The Indians Bat s a Federally Endapgered Species as of

March 11, 1967, There has been a severe pn?-.ll.'.l:mn decline
simce the 1950k, Several factors contmbute o the decline,
includisng human disturbance and vandalism, FALNE CIVes,
|n5|;ln|_.‘; and tmber sales, and natural disasters. The Unired
States Forest Serviee o COnjuncton with the US Fish and
Whldlfe Service must work ll.l!.:r!hq:r to mamtarn the Tadaans
Hiat |m;-1ll-'-n--n< The effores thus far have shown s contnual
decrease in the populations. Education of the |-.|_||_-|:|._- and grans
for research are kew in |-.'n|ai.1||.'-|1'.|1!.: the Indiana Bats

DESCRIPTION (Sce Figure 1. in APPENDIX)

PMhysical Characierisiics

The Indiana Bak {Myotis sodalis) i considered 3 mediom
sized Myt weighing between 6-9 grams (Wolllin 19%97) and
11 closely related 1o the Little Brown Bae [ Moy fuafge), Tt
head and I:-ndn_.' '|l.'1|_|.'51| range o 4.1 =4, 9 ce ntimetersicm),
with a forearmn |l.'|P!._','l-I|. berween 3.5-4_1cm |:"I"q-|1||.| 159497, and
3 WINEpan range of 23,926 Tem [CILET 1), The female
foresrm on the average 15 i:l.r,.:..'r than the muales (Bdewell 19497
[Sex Frgure 2. for general diagram of bat.| A distincrive
p|1_';"-l~'-'l| feature of the Indiana Bae is a keeled calcar (See
Frgure 3.1, 3 cartilaginous projection from the ankle extending
toward the txl that supports the railing edge of the I’.l;h!

membrane. [hey tend o have delicately smmall hind feet with

The Indiana Bat (Myotis sodalis):
Biology, Behavior and Conservation

by Victoria Parisi WUESE 400

shorter hairs thar do not extend bevond the toenail (Cole
20000, Thear weeth are representative of therr diet (imsectivore)
and are small and sharp. This includes a sex of molars with
almost no mrface for grinding their prey.

The fur of the Indiana Bat Lucks luster. It i3 a dull, grayish
chestnut color and the basal portion of the hairs on the back
are a dull lead color. The car and wing membranes have a dull
appearance and flat coloration. The fur on the chest and belly
is a lighter, pinkish-cinnamen color

MNaripation

Like that of other species of the Chiroptera arder, the
Indiana Bar uses echolocation to navigate. Echolocation 13 a
highly evalved process that hes given bars the ability to unlize
the mght sky. As the bat emis sound waves, it echoes are
analyzed, building a sound picture of its emironment
i:*a!.lrul:l:_\'_l'll:lﬁ 1'||'.l|'|:._ Brrs emit the sommd waves used m echolo
cation in pulses, The pulses are frequency modulated (FM)
and/ or constant trequency (CF) calls (Aleringham 1996).

Echolocation also s used po hune their preyv. However,
l\.'..'|1l\.l:|.1|.'JTai.'\l!I. anly works OVET SO T INGEs, j|'||.| |_"!.'|,'I.l_!_rh::||_ THAEEE
be crucil to their SLVE I ;."l..llr|'.|le_'?.|_||;| 155, More
research st be done on the impostance and sophistication of

thias pood used by 'i."|1|r.'-p|:ur.i.

Dt

The diet of Mypotis sodalis consiies maindy of small, soft
badied miects. After emerging trom hibernation in the spring,
(4 ::.ln!.:\:-. in the trectops .'||.-.'.||'||_.: the FIPATIAN (STCan and river)
forests, I!'|q.'u.3|.'-|J:||1'.. up|J:|:.5 forests, felds snd passuires The
stibe A0y of the forest & the prome lecation bor LLTRE R AT thie
Indiana Bat's dvet redquIrmg a 6l to WA l.'il.':e.'hi'l.'l.' :'-I'q.:-'-'l.'l:tlur'_.'
fisr -l;ltl.l1:u.| I:-l'-r.l.'_1r|5.'. (Loade 200600, Tt 15 estmnated that one bat
will tofape over 11 2 acres 1 mudswmmer (GWE 1908},

The Indians Bat fieeds |'|q.'-1.1.':||':.' after ity T ETacian tor the
wiiite® This ocecurs J.u.rl:u_u_ the months of !"-L'E!!lq,'ll'.l":l_'! :I-.ruu;.‘-h
Movember. Therr peak time for IE..'.‘|:||1|': 12 1-2 hoers afees
sunset and before sunrse (OIAE 1998), Feeding parterns will
change during different stages i the [ndiana Batk Life. The
reproductively active females and juvemles exhibic the greatest
variery in their diet due to their increased energy neads (Cole
KK The Indisna Bar requires drinking water, unlizing
areanys, amall El-'.l1:-'.i'\-. wetlands and moed o -.|1'.r|:|;'.4| SALIVURIET
mcsirhg

Pances  wol 19 1,2} - 22
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In a soady by Kuma and Whisaker (1998}, the analysis of
Indiana Bat fecal pellens determined what constituted the diet
of Myotis sodalis, A rotal of 382 fecal pellets was examined
from a maternity colony inVermontiville, Eston Co., Michi-
gan, O the pellets examined results concluded the bat ate
miosshy Trichopiera (caddisflies; 33.1% volume), Diptera (true
flies; 25.5%), Lepidoptera (moths; 14.2%), and Coleoptera
(bestles; 1.4%). The emaining 3.5% comsisted of six other
insect orders and spiders,  The most important of the six other
families of insects were Chirenomidae {madges; 4.1%) and
Culicidae (mosquitces; 2,74), They are not crucial in the diet
of the Indiana Bat, but were present in the fecal pelles ena
consistent basis in 22 of the 27 collections, Meosquitoes also
made up 6,64 of the female diet during pregnancy. (Korta and
Whitaker 1998) [SceTable 1. for the complete analysis of the
fecal pellets for the diet of the Indiana Bar] Kurea and
Whitaker found that four other unpublished surveys yvielded
apprecaimately the same results as their research. The diet of
Myetis sodaliz also mcludes Hymenoprera (bees and wasps),
Plecoptera {itoneflics), Homopeera (leafhoppers and trechop-
pers), Meuroptera (lacewings), and Hemiptera (true bugs)
{Cale 2000,

Life Span

The Indiana Bae has been estimated to survive up to 20
vears. This extended life span may be due wo their low
reproductive rate [ODW 1998), Survivorship percentages have
been calculated from banded bars. The banded individuals
were divided ineo age groups. The resuln mdicated females
had a 7% survival rate from 1-6 years versus the males with
T survival rate for the sanie age group (Cole 2000). In the
age group consisting of baes 6-10 years old, females had 2 56%
survival rate a8 opposed to the male rate at 363 (Cale 2000,
The olden banded individuals were beraeen 14-15 years of
age. Females tensd ta have a longer life span than the males.

Habitai

The geographic location of the Indisna Bag consists of
kars ropography and riparian woods in the eastern Wnited
Staves. This region may stretch as far s the western edge of
the Crzark region in Oklahoma o southern Wisconsin, east to
Vermone and as far south as northeen Florids, The Hat
Population Database {1993) recorded Indiana Bat colonies in
counties of the following statest AK AL, CM, FL, GA, KY, 1A,
IL, TR, A, ML MO, RC, WY, O, PA, S TROVA VT WL,
afnd WY, Indiana Bas in those staness Ly reside 10 d‘."""‘E irees
or caves, For winter hibernation, limestone caves are preferred.
Herwever, sbandoned mines and tunnels have stiracted Indiana
Bais (Cole 200413,

Winiter Hibermation

I Srplrcmbﬂ. the hibernanon proceis I:'Etpl“. for the
Indiana Bat. Mosz bats wall chose 2 bmeitone exnve to filill
their need for l]:tl::lﬁi: chimane conditions. Caves are ideal
hibrrn:i:uh becyuie of ther comnstant temperature arid

23 = Pholeor Vol 19 (1,3)

hunndity, They will begin their hibernation in the warmer
parts of the cave in cardy fall vo stay alery and forage for foed,
The ideal temperature at this tme is 10 degrees Celsius (Cole
2000) with an average relative humidicy of 87 percent (Walflin
1957, In the Indiana Bars southern range, they move ingoe
deeper parts of the cave where the temperature is colder. The
hibernacula have the ability to trap large volumes of cold air,
signaling hibermation when the temperamre drops (Cale
2000, lndiana Bars prefer caves with suable wanver tempera-
tures between 4-8 degrees Celsius (Wolllin 1997). In the
Indiana Bat's northernmios range bats will avoid the coldest
sites to reduce the risk of freczing 1o death

Hibernation occurs primarily from October through Apnl
(Cole 2000). In winter hibernation, individuals have been
found in bght compact chasters of approximately 300-300 bats
per square meter (Wollin 1997), They ako may be found
hibernating with groups of Gray Baws (GWF 1998), Each
Indians Bar hangs individually from the ceibing in thae cluster
with it head and forearms showing, Every eight to ten days,
hibernating individuabs awaken and spend an hour or more
flving about or 1o join a small cluster of active bats before
returning o hibernaton (GWF 1993), This occurs primartly
in September and October, Femnales cend to emerge from
hibernation first in late March to early Apnl, By late April,
maat of the baws have left their hibernacula in which they
|:|j5r;|.|'¢ 1o their summer habitats ["."i.'-'n|ﬂ1l1 ]'-J':"?:l Some rialed
will spend the summer in the area of their winter lubernscu-
lams

The Indiana Bat hibernaies IHCl.'l'."'“J:I.tll'!,' diie ta tarpor. I
this proces, an .1|1.1|11.'||. allowr 1kx |:||:||:|'g.' temperatune Lo tall
below 11 sctve, homeothermac level -:.|'|.|.1:|1n|_.:|.'|a.|n 1'.:"'.:"'.1:!. This
process alloows for n::.rl'g." no fluctuation of I:-::-:!gr tenmiperalure
when the air temperature changes. The fll of the body
[emperatee 1% slowe and cmn‘nl‘]nd, and w8 mantained within
narrowy Bmists (Altrimgham 1996). The physiclogy of worpar can
be defined 21 a (1] reduction of body Eemperatiire within one
to two degrees Cebsins in a controlled manner; (3] fall in body
processes such as |:|l'vu|:|'||.r.||.-I rate, heart rale, OXVEeTL SOrSUkp-
tron, and metabalic rate: |:Jl:l resiricted Boad flow to certain
vital organs; and (#) arouss] ability spontanesuly and indepen-
dr:rll:l].' r:g;.rd.[r:s of the t:mpmtum [."-]I:rin].dm:u. ]E"Jl'_'l].
Therefore, hibernation & a daily state of toepar,

Hibernation s a crweal process i the wervival -ljl'.'l!'}'-.!n-'l'.l
sadalis. Ome of the most devastating causes far decline in
[ndiana Flupuhl:l-::-u'. it huinan disterbance. The l;rgﬁ: dechine
occurred in the 1960 through the 19808 [Cole 2000), Han
build up their fae reserves aufficiently enough to get them
through to the spring. Human eraffic into caves can cyuse bag
aroisal with the ability to deplete 68 dwys of the Mparcs tat
supply for a sigle disturbance (Cole 20000), Too many
disruptions can be detrimental to the survival of the [nduna
Bae throagh winter hiberanon,



Rooaiing Slecs
[t is important for amy animal to have protection or
TI.':-HHC r‘h,'iﬁ'. 1"“_‘\1.1.11’“"’&. as '“.d'". 43 EXiremes 11'I'I'JF'IEI.'I1IJ ITY. Tlil'l

-I_-.:._-.g.:-;l;i_n:un also s cructal for rREng Young. I temiperdtie MNagth
America biologisis have deternuned that small insectnmnsiss
bats (5-20g) roost in trees !1.1'|.'II:|j:I; hollows and erevices (Foster
and Kurra 1999). The [ndiana Bat chooses 3 roosr to protect
and raise their young after emerging from hibernation in Lae
March, early April. There are two rypes of rooses that suit the
bar before returning to it winter hibernsculum. These mooss
are classified as summer and fall

In the spring. the females emenge from hibernation before
the males and begin to migrate tovwand their summer habisacs
Thes= bats will use temporary roosts until reaching summer
destinacions. Four condinons must be met for an Indiana Bac
o chicse the “suitable™ roodting site by: (1) the conditon of
the ree, dead or abive; (2) the quantity of loose bask; (3) i
solar exposure (for raming young) and location in relagion o
other trees; and [(4) it spatial relationship to warer sources and
foraging areas (Cole 20000, Floodplains and riparian forests
are the 1dea] primary roosting and foraging sives (Cole 2000
L.'J,:-I.;n-:‘l. forests are attractive to them because of the -ic:rlt-riu._r.
of sutable trees, Fl.'ll'ru.rl!.:- dead, 1‘.4.1'..]||'.|_.: with loose bark.

Many tree species have been studied a5 to their impor-
tapce to the Indizna Bath sumimer roosting sves, Class 1 tress
providing a roost are: silver maple, shaghark hickory, shelibark
hickory, butt=rnuat |'|:||.'3-cu:r'.-'. greern aih, white ath, easrern
cotronwood, red -.u]-:. paat aak, white oalk, -|1ppl.'l".- eim, and
the Amerncan elm (Walflin 1997}, Oeher trecs -!-='-I,L:IJ!¢--‘| 1]
NEER Ty N lude the American beech, black ERTE, hlack
O, pines, wwafray, tourwood, seet ech, and vellow
barckeye (Cole 2000, As the bark fromm the dead or imjured
tree springs away, the Indiana Bat finds sheler and protection
beneath. Howeser, the species of the mwee i not rl'-'l-rlfu as
important a5 the space available for the bats o roost (Waolthn
1997). The trees are vsually 22cm or larger in width (Walitin
1597

slaternity colonies of the Indiana Bar form primary and
alternage moosts.  Colonics will have ar least one proinsary roost
located in opemingms or at the edge of forew stands and an
alernate roosts in the interior of the (o, Primary roost
with “snags” (dead trees) arc wsed most mequently because of
the direct solar radiation that supplics warmeh for mising
young (Wolllin 1997). Altcrnate rooss are more shade, and
have a greater appeal in the presenee of precipimnon or when
the temperature is above average. Shagbark hickortes hawe
h..,-.,u: |::'i|_'||'||,| dn] aliln ] ||'||_' l-\.|||'"|k:.l' ch LFACESTISEICH .'.!.'Il.' .IILL'EIIJIfI\.'
roass (Cole 2000}, The baws change their roost throughout the
summer an average of once every 2.9 davs (Foster and Korta
I'::l':l"_:l_:_ The average masmmtber of diferent roosts raTges fronimy frve
b L'|F|1l:m':|. and some studies have thown s few 23 pwio msts
or a3 many as thirty-tlree ({Cole 20M), Female bats are very
loval to their sumimner roosting habitat and wall return exch
Wear.

[n the fall, male bats poost in the trees throughout the
The characteristic fall oot are more *-'"-'|"|'|‘=E-"- LLa] 'l1lll|lgh'r=l1.
opposed to the spring-surmimer roosting sites (Cole 2000},
Males have been found rosiring berween 2.4 and 5.6 kil
ters away from their hibernscula (Cole 2000), Swirching of
poowting sates amoagst the males ocours from day to day, Rl
roostingg dates provide a sufficient habitat 1o support “swarme
ing.” an imponant process in facilinong reproduction (1ee
REPERODUCTION.

REPRODUCTION

The breeding period of the Indiana Bat ocours within
fiest ten days of October (GWF 1998). Research has shown
thiat some limated mating 13y ooour in the prng betore
hibernating colonies disperie for summer rooss (GWF 1998)
Maring takes place in large rooms at might, close 1o the cave
entrance and on the ceilings. Males are polygamous, mating
with several females before hibernation, They play no active
role in raisng the young

The Indiana Bar undergoes “swarming” as fall approaches
and hibernation nears. This activiey consisss of the banx
roosiing ouwside the cave during the day along with mass
congregation around their hibernaculum and other non-
hiternacuiua. This process contimuses for several weeks to
replenish fas reserves and facilitate marting before entering inta
hibernacon (Caole j“:‘l_:. This behavior is |!1.'|:1|-.-|.1|1r|'\:.' benefi-
cigl for the males; abernation aceurs later than the female ba
s that the male muay mate as much as possible before winter.
As soon as the female has mared she wnll go into ibernation
The males enter hibeenstion in November and emerge after
the fermale in April

Chulation and Eertilizstion do pod occor directly after
i r-|'\-|.|'.1.||-:-|'.. Femiales store Speerim through the winter and
becomes pregnant via delsyed fertlization soon after emerging
froam Wabernaton (Waliin 1997 The gesianon period o0
Between May and June, approodmately 459546 cays (1AW
1), In materniey oost (small, widely scattered colomes). 3
-\.||:|r_l|_' VOLINE 13 ':l-,'\-ru. I 3 '.'| ':;'l'.l [ ;:.'r WEaT. |':'r:14|:"\- ||1l.'|
factate from Juise to July o provide mulk o the young. The
juvenile bat requires 25-37 days o become independem
feeders and develag ineo the Ayving gage. Matermty roosts
dusperse in late August in preparation for ot and hiberna-
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A Federally Endangered Specics
1 rF_-|.. oy s .||'|'|.L |_|||'\..' |:I\.I,:;.‘| A% i |..‘|i.|'|!,:|."-. don 11
March 1967 under the Endangered Species Presenvanen Act ol

!

15 Chcraber PsG, 1t reouaiis an endassgered 1 pecies becatise ol

immense decline in ity papulation numbers, The Endangered
:*'-.I'\..,lq:u_ ¢ At extersded Full protecien o the [ndiana Hat in
1973, ln 19499, the U1S, Fish and Wildhfe Senace published 3
Diraft Bevised Roecovery Plan o: (1) update mbarmation on
the life hstory and ecology of the Indiana Bar, especually

snfarmation on sumiiet ooy |.:LI|'||'!-.'|| simce 1983: (2]

Phaleor Wol, 19 (1,2} = 28



RESEARCH

highlight the continued and accelerated decline of the species;
(3) continue site protecoon and monitering efforts st hiber-
nacula; and (4} focus new recovery effors tovward research iny
determining the factor or factors cawsing population declines
(Cale 2000). The recovery plan focuses on conduciing
necessary revearch for survival and recovery, including genetic
infarmation, and possible chemical contamination in hopes
coordinate and implement conservation and recovery of the
specied (Cole 200,

The 1996 Technical Diraft Indiana Bat Recovery Plan
eitimates the Indiana Bat population at only 352,000 bats
[".l'\'a_'ulﬂiﬂ. 19497} I:'.'_n-pnl."imu. have shown a 6% decrease ance
monitoring in the 1960, Kentucky lose 180,000 bats and
Missouri lost 250,000 bats beoween 19640 and 1997 {Cal=
20000, The tiyﬁﬁ.{an: decrease m pnpll.l:l:mn numbers has
prompied the declaration of criggcal habpis, Six cnocal
winter hibernacula have been declared 1n Missoun (USACE
2THHY, one in Tennesses, two 10 Kﬂimcl:'g.' that tneludes Bat
Cave in Carter Counpy [(GWEF 199E], and one hibernaculwm
in Nlinois and “':-l‘l:"-rl:l'HlnlJ Waollin 1997, Mot -'_'l|:||'g.' are
there critical habecats, but ithe Indians Bat H.r.'nwl."r'!.' Plan kas
divided hibernation sies into three priority |eveds ]-'rl-:.'-rll."g.' |
hibernscula consest of more than B3% of the Induna Bar
T-npul.inm:. |'_l,'|r'|:'.'ll:rl' iheat 300,000 bats smice 'I‘F-ﬁ-ﬂ:l andd are
located i [ndiana, [{cnnl:l:','. and Masoun I;':n'.IJL' 20T,
[-'r.nrlr:.' 11 hebernaculs conmst of S0 ta 20 956 bats and ane
found in the above menoonad states, Arkanas, linais, Bew
"Il':"-rE_{'lhl.n.Tenne-uue."-"lr|..:|n|.1. and West Verginia (Cole 200
Prioriry 111 hibernacula are found again in thie above men-
toned sates & well & Alabama, Conmecticut, Flanda, Georgia,
lowa, Maryland, Masachusetts, Michigan, Misisippi, Mew
Jersey, Morth Caralima, Oklahama, Pennsybania, South
Caraling, Vermont, and Weconan. The priority 111 haber-
naculs honie 1 to 499 bas (Cole 20000}

Reasons for decline

The decling i the Indiana Bae populanon can be atirib-
uted o human mterference and namiral hazards. Human
disturbance wasi a seriows cande of Indiana Bar decline berween
PO and TRE0 (Cale 20005, Disrurbadee during hibernanon
micites amonmsal af the bat, and a serious depletion af fae reserves
affecting survival rates. The Bat may be anable o survive until
the following spring. Indiana Bar moermlity direcdy due o
harman action was documented in 1960 at Carter Caves Sate
Park 1 Kennicky, Threee youths commirted an act of vandal-
wim that ultimaeely led 1o the death of 10,0080 Indiana Bats
They tore masses of bas from the ceiling and rampled them
ta death (Caole MoK}, ln Thernhill Cave in Kentucky, an
estamated 255 Indiana Baos were killed in January V98T by
shotgun blases (Caole 2006K. Bat banding programs with
mtentions of monitoring bat populations have had a deleten-
ouis effece. Again, the disruption of hibernanng bats depletes
their Gr reserves, and thus their ability to survive inio the

spring.
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In respogse (o huirmian mpact an the decline of Indiana
Bats, cave EJJEI have been mitalled 10 3 numnber of caves
throughout karst regnons. However, in an attempt 1o protect
the species, harm has been done. Gates erecred ar the entrance
of caves impair the ability of the baw to enter the cave (Cole
20001, The gates change the air flew into the cove, thuos
affecting the air trapped to signal hibermation, Warmer cave
temperatures do not Beilitate the drop in [ndiana Bar mets-
bolic rates to save fat reserves. An example of such a tragedy
occurred in Kentucky when garing caves has creared a losx of
250,000 bats simee the 19508 (Caole 20M))

Johniada et sl (1998) publihed a eudy attributing
overwinter weight loss of Indians Bars to human wisitation of
Irichiana caves, Three caves were studied: Wyandotte Cave,
Puay’s Cave, and Barwing Cave. Batwing Cave was chiosen to
represent the undisurbed population of hate, since it & closed
to human visitation in the winter (Johnson et al, 1998). The
resiilts of the study concluded that female bats los more
wiright than males, concurring with previouws studes of
overwinter wiight loss of other species, This i mose hkely due
to catly entrance of females and the Lite entrance into hiber-
nation by the male bas. In support of the ssumphon muide
by the researchers, Batwing Cave yielded the smallest percent-
age of weight loss for bath males and females (see Tables 2. and
3.}, Bay's Cave was visited more than Hatwing Cave. Whan-
dome Cave had the highest percentage of human visitation,
weraging 2.8 vours per day. [t also had warmer rooiting
rermperatures,  Wyandotte Cave had the greatest wisight bos
smangst the bats (Johnson et al, 1998). The resules of the
research abso reinforced the importance of comervation
stempes. Althouwgh the Indiana Bat has been a federally
endangered species unce 1967, populations are still dechning
i caves prohibering human visitation

Inchiana Bats are subject 1o natural disaers and hazards
that canwe decline m population. Bar Cave ar Mamanoth Cave
State Park in Kentucky was fooded, droaming a significans
number of Indiana Bat (Cobe 20000, Hibernanon of the
Imdiana Bat requires cooler temperatuncs, 11 they choose
cooler portions of caves thar tend to be near entrances, the
cold air can becoane trapped and it b possible that they may
freeze to death (Cole 2000, Bar Cave in Shannon Cooaney
Mistouri saw a decline in the Indiana Bar population due o
low temperaturei. [n 1985, the populition was 30,450
roosiing on the cetling to cicape the severe cald. A survey in
PR reconded 3 populinon of 4,150 bars in that same cave,
The ground was linered with bat bones suggesting that they
fraze o death in hibernation (Cole 20061, Bas also hbermate
i mune shafis, and death may occur die 1o collapse,

Poisoning due 1o pesticides and herbicides may be another
cause of decline in Indiana Bar populations, Since they are
insectivarous, it i possible they may ingest a posoned insect,
Indirectly, the use of herhicides may decrease crucial vegeta-
tion thar comprises the bac habicat, The numbers and diversry
of the insects may decrease (Woldlin 1997,
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Logging and timber sales occurring throughout the foresn
also may add to the decline of Indiana Bat population. Forest
Watch declared on 28 May 1999 that the United States Forest
Service had failed to protect the Indiana Bar in Green Moun-
tain Mational Forest inVermont., The issue at large was the
logging and timber sales that took place in Green Mounmin
Mational Forest. Indiana Bats rooss in the trees in Green
Mountiin Mational Forest. The US Departmient of the
[nterior declared it the responsibality of the LS Forest Service
to abide by the Endangered Species Act and its Clear Mandate
and Procedural Framewark, which were not being satisfied
(Fores Warch 1999, By this mandate, it must be determined
whether the logging and timber sales have a direct cffect on
the Indiana Ba pu-p1.||=|.1|:|:1 COhce it s decided whether the
actioid under Wy 1 Ehe Green Mountam MNaoonal foress
“may affect” the protected species, they must inform the US
Fish and Wildlife Service to take .I.]]l'FI'DEll'iJ.'I:E SCeps 0o protecs
the +r1c|::mg-tr-.--.1 :[:H:L'i.n {Farest Watch ]".:':"':":I. Thi action may
inclede a halr in lﬁgg-ing and smmber sales. To comjues the rdea
that the Indians Bar would net be agnificantly impacted by
]"-I'l'lp-I:I-'l-;'d |ngE;I.IiE and road bu:il-l.linﬁ i Green Moontain
Marisnal Forest i “eapriciow (Porest Watch 1999),

Pratection and mandgemiil

There are WAYE DO profect the Indiana Bas, |:|'.|l.'II.I.E1'I. the
Tpecied CoRENUE 1o decline. The ot inlpnl:t.:.nl: and pmnhll,.'
mest difficult way to protece the bat is to prevent disraption o
its mbernacula, Prevennng vititanon of humans mto caves in
which bats were bernating woeuld thwart a discurbance
casmg deplection of far reserves. Aveiding the modification af
riparian and stream habizas can help keep the papulation from
decline, The remowal of rimber should be minimized and at
beast 30 megers of vepetation should be spared on each side of
the stream bank if tress nuase be removed (M 20000} in the
riparian rone. Desd trees are an importane part of the Indiana
Bat's habitat, Ifat all powible, the trees in which the bar redde
should be spared. Population trends should be monitored

consastently and reporsed o the UIS Fish and Wildlife Service.
Education & an extremely imporant part of conservation and
survival of the species, Grants and fanding from the govern-
ment would help in meeting rescarch needs,

Gating caves properly can have positive effects on Indiana
Bat populations, Using an appropriately desvigned cave gate
can restore proper air flow (Cole 2000). Wyandowe Cave in
Indiana had a dramatic population increase after installing a
gate that air flow was again normal, Populations of Indians

Bats have increased as obstructions prevensing air flow were
removed (Cale 20007,

CONCLUSION

The Indiana Bar & an amazing creature, from is biology
t its behavior. Its abilicy to navigare using echolocation and in
method of hibernating due to torpor are amazing biological
feats, The unfortunate reality remains thar this animal is under
appreciated. Dwe to this lack of sppreciation for the Indiana
Bat, it faces extinction, After 33 years of status as 2 federally
endangened species, the Indiana Bax populations continue o
decline. Despite the gating of caves and the careful monitor-
g, protection of the bat is a problem larger than anticipaced,
The logging and amber ales directly affect the habinat
preferred by the bat. Pollution and degradation of warer
gquality pose threats, The bats have turned to road nacs as water
sources, The wie of pesticides and herbicides may directly
cause potsoning or indirectly cause destruction of habiras and
declination of the insect population.

The Indiana Bat is 2 tny animal, weighing only 6-9
grams, however iy impact on the ecosyitem of a cave s
immeasurable. Bat waste or guano s an important energy
SouLree in a cave, since the coosystem relies primanily on
ongame matter that enters o caves inom streans or wind,
Through cducanon and the US Fish and Wildlife Service, the
Indiana Bat may have a chance o reach the numbers it once
had. The protection of every species that inherits the earth no
magter how large or small, should be of wtmost inportance o os,
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CAPPENDIX

Kingdom: Anzmalia
Phylum: Chondata

| Cls: Mammalia

Onder: Chiropiera

Family; Vespertilionidac
5!bll']||'|i|'!.;‘|."r-pr1'l:|||--||1|:|4r
Crenie Myt

| P Specics: Myoris sodulis

Fignre 1. The clasificaion system of the

Emchana bar Myorie cadinlis,

Indiona Bat (Myetis sodallis)

Figure 2. The general diagram of 3 bat. Take note of the

T — . _
\\ reachas hase of location of the calcar. A keeled calear & 3 specific charactermtic
L of Myotis sodalis (Hobbs 2000
f Trigess
L 7
Foght hind oot
-

NFigeire 3. The kecled calcar. Motice the small delicare hind
Sfeer (Hobby 20000

_ R NS F TR )



Table 1. Percent volume of foods eaten by Myonis sedakis in Michigan based on the analyas of
fecal pelles (From Kuorta and Whitaker 1998),
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Table 2, The mean autumn and spring body weight (g} of the Indiana Bax in the thres
chiosen hibernacula {From _|'-:-|'|r|x-q,:-|: et al. 1998,
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lable 3. The overwinter weigght hais in percentages for male v, females in wouthern [ndiana
from 1989-1990 (Year 1) and 1990-1991 (Year 2} (From Johnson et al. 1998).
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Gory Hole Visitation

30

25

Number of visitors

Date

The Witrenbery Undvenity Spelecheplon] Soieey rantalled 2 regiarer ar the botow of the emerance dvep in Gory Hele, Laweenoe Country, Iadiana in Newember 1993

The praph depions o sowendeay Mrmodal frequency dienlbsdion pattern of wistation during the April {999 jo_January 2000 time peviad, wibh preaer sdritanion
WELTLY oAl I|-||r'\-- 1999 s Movember JINND
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A REVIEW OF
FLOYD COLLINS

by Beth Magen HLSSE O8N, NS5 16367

This past June, | with veo ather WUSS cavens, journeved
desp underground; okay, really we only deicended down ssain
into & dark cheater, bur thar was close enough to experience
the Ohio premicre of Floyd Collins, MNeow you must realize |
was weary going o this thearrical event as 1 had already
listened to the soundrrack. All [ can sy o give the
sounditack justice is thae it is unlke any other rusic that |
normally listen to. The sovle was Americans cambined
with bloegrass, but the lyrics were so corny it soon
became unbearable, However, 1 muse say that [ was
pleasancly surprised with the prodoction. The musical,
while taking some thearrical liberties, stanved farrdy Jos=
to the historical account of Floyd Colling a3 porraved
in Robert Murray and Foger Bruckers " Trapped!
The Story of Floyd Collins™ (1979). The musical was
complete from yodeling in order to find new cave
passage to Floyd talking vo cave crickets in his time
of tmsanity, close to his deash. The song byrics ar cimes
were faudy ridiculous, but | must admic tha they brought
humor to the play, 1 especially enjoyved the
nowapaper reporters rendition of s Thas
Remarkabbe?" with the byrics ' Who's g
the scoop poop!™

The production did provide some
history of cave warfare of the early 1200%
and the desire 1o steer eager visitors away
from the great Mamamoth Cave to the local
hale in the ground. In order wo redirect visitors
from Mammoth Cave vour cave either
had to have direct acoess to the Cave City Highway o have it
entrance ahead of Mammoths (Murray and Brocker 1979).
Floyd's cave had neither. Therefore, he was aryving for the thind
l'rc'.t |:|F|I:I.|'\-I'I. |1|:' '\'.'.1]'.T|:'|.‘| LCF |.‘|','.|_'-\.'b-'|. e i GV €350 MOEe |_"|_'.||_|f||'|_:|
than Mammoth. Flovd was in search of his " Great Sand Cave"
when he becamie trapped

As an active caver, | was a bat disappoined o soe much of
the play take place above ground as the enrance of the cave
with Floyd trapped underncath, Most of the play focused on
the family and towns' corruption resulting from becoming
famous and the desire to strike it rich quick through the
whale ordeal. Floyd’s brother, Hemer, whe in the beginning
of the play wanted to help rescue Flovd the most, leaves for
Hellywood to make a movie. Considering the nme span of
the rescue lasted sixteen days this was quite a feas! Other cast
membens included Skeets Miller, a reporter with the Courier
Jourmnal wha was as small as 2 mosquire. As in the real rescue,

i was one ab the few persons wiho made it o

Floyd™ side i the cave. He was able to provide an

SLL AT |.""\.':'\--'!I.I| socount of [ |".-|'. CEFINaLan

despite the prevalent vellow journalisn occurring

due to the other reporter'’s need for a story, HLT. Carnichael,

a pon-caver from the Kentucky Rock and Asphalt Comnpany

: ; et
also appeared at the seene ready to take contred of the situatios

aiid buaild a shaft down to Floyd. One further ingeresting
aspecy of Flowds Life was the sugpeitton of an baeestual
relationmship beeween Flovd and his saster Mellze, | was noe
yware af this facet of Flovd life and 1o [ am not aware if thn
was 3 hisgorical accownt or perhags the director took artastic
literties in the production. Wharever the case, maybe there
was a resson why Mellie was reeently released from an asvlsm
[th

Yes, while we were probably the only cavers in the

4 1 L
arwd alw E W i irtable mental bica

ST . f ; ; ¢ : -
audience (woe scouted the parking los for bat stickers and Faled
e find any other than the one suck an our awn vehaele), @
was a worthwhile weekend. coven if it wan't spent under

gr Ji1als

Murray, Fobert K., and Foger W, Brucker. Trapped! The

Seary of Flowd Cal

na. Lesimgton: The Universaey Prew of

Kentuecky, 1979
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Bat Guano: Its Role and Impact on the Cave Ecosystem

by Carrie Funderfsrg

Abstract

Caves are naturally bow in energy due o a lack of primary
producttan. With no direct sunlight past the entrance, photo-
synthetic plants cannot survive and thus cannog form the base
of the cave coosystem as they do in epigean commminitics.
Somc caves are supported by strains of awtotrophic sulfur
bacteria. Por the most part, however, caves cannot depend on
any autotrophism to provide their basic energy source and
instead must acquire energy in other forms. One energy
souree may be allochthonows marerial — arganic matter fhoim
the outside thar makes ity way inte the cave, This input of
encrgy 4 not prodictable enough to sustain large cave conimu-
nitics, Ome of the fow steady, predictable, and adequate sources
of energy for caves comes in the form of bat guane {dumg). It
lies ax the center of specialized communisies, It contribuies 1o
the structure of the cave 1oelf, holds important picces of
history, and can be and has been wed extensively by man, Ba
guane is essenmal in the life of the cave and plays many other
males as well, and becavse of thi, we must work to prescrve
bats and the guana they produce.

Insreduction

Guano b desenibed .I."-"]il'H,l.' accumulations of dung. aften
partly mineralized, including mock fragments, anmmal skeletal
material and products of reactions berween excretions and
ek (Gillieson 1996307}, In caves, the Inri:,eu: conirtbutors
of puano are bats, although crickets and bards play a part as
well. Guano deposits appear in caves that are frequented by
one of any number of species of bas. Ban are trogloxenes;
organisms that inhabit caves ar some pobie in their e history
but are not fully adapred to living in caves wathout ever
leaving. Bats remmain in the caves much of the day (being
nocturnal) and in the wineer months during hibernation.
However, they musst go to the airface to feed dunng actave
months and 5o are chasified as woglosenes. Maost bas arc
msectvores, and there is not 3 sufficient supply of food
available for them in the cave ecosvatem, A bat commaonby
eams, on the average, abour half ies weighe in dndects every day
that it 1s not lubernating” (Moore and Sullivan 1997:111).
Bats are one of onr best natural controls of pests, and the
guano they produce supplies the cave with much needed
Eﬂl!!'ll..."!a'.

Characteristics

The guaino that bats leave behind & produced often micre
rapiedly and in greater quantitics than it decomposes. “Ther
constant moverent beoween the outer word and the cave
habitat continues to replenish the guano piles” {Ashley,

3] = Phalan Val 19 (1.5

1 905:476), Decawse of this, guano piles up in the spaces whene
b roost, most commonly in doeaed rooms within the dark
zones of caves. Guano can be packed dewn into Lavers, or it
can appear o 3 “dark, molases-like fluid"” (Ellaom 1981:105). I
aften forms the floor upon which visitors walk. Some heaps
can “occupy most of the caviry in...caves, and the open space
throngh which we walk is bur a small component” (Gillacion
| G 10, Most cavers find bat caves rather uncemfortable to
be in because of the guane. There i a characreristically strong
awumenia odor produced during the breakdown of the bas”
nitrogen-rich feces and urine, This environmens may ot be
ideal for humans, but a host of other organisms rely on the
guano in order (0 MTViVve.

The epvironmen: imide and owmide the caves thar bas
inhabit plays 3 very large mole in determining the charsceris-
tics of the gmano Pi]n: iself, Mot all bat-inhabiced caves
contain these FII1|:-I. I:_u'Er.- ".IJFIEII.iﬂ nf'-.‘h'.rlg baxild up -;||||]:.' 11
caves that sansfy the microclimatic or social requirements of
the bat :nlnn_'_.' and where there 15 2 low chance of ﬂnn—c‘linf‘ ar
active cave streams (Gallieson 1996). If bats inhabit caves with
active water flow the guano never bamlds up-it iz fheshed out of
the systerm. When a bat colony finds a roost site that suits it
:inud\. it aften returns to the ame oot lecatton nsed 11
previows vears. These spaces may be wed a5 over-winiering
mating. or maternity ates. By reviating former stes, the baty
et up a I'ur]'_-' conatant guano F'il"" r’mh.:u'f becawie of the
]arp,,l: anid r:'|..11|'.1.-|3.' 'Prcd:n.'l.:hh: armounts af’ Fuaando, the ene TRy
vailability i mach higher in eropical caves than thode in
teniperdte n:t.pl.'lm-."c:.:'.-'n in the tropacs wiould '..'|1:|d: i11-;._|'|-er
proporhion ul!_urglml.' tmatter... from .:|l.|ﬂ1.||:,|.'||.|c bat Juarss and
it by=products” (Gillbeion 1996:9). They alto accumulate
miore allogenic organic matter than in temperate regrons, and
POITRE WSS IR0 FOG0E 34 cReTEY sOurced. Canves -Hmpi-c il ar
IEHNperate) that Frl.'l'.'idc the opfmuam envimonmenty for bats
and for the dn‘nlupmcnt ul'h'1.|.1||1.'- 'F-lh'-: can poast very thick
deposite. For example, caves in the Carlibad Cavernd system
anpid mear the Grasd E.Irl'!-'ﬂ."" coaktamn p||.1.'-. up to 12 thick
f-'ﬂ oobe amvd Sullivan | 'i"':'-"l. arid sodne Saraanak and Avdtralia
caves exlvibar pi]n- up oo M chock (Gillieson 1906}, Grven
the -l'l|.'|I:iIII.I! condi s, HALLRG l‘."l]l."l cath Beconme +i;.:|:||r-|q..1.||l
cave fearupes.

Impacts on Caves

Although they are characteristically carved out of hme-
wade, caves cxhabet an abundance of different menerals,
cspecially in their speleothens. Guane can serve to mtroduce



wamee of those minerals, olten 113 the farm of nrtrated and

phosphates (Fig. 1), These minerals can form ¢ aroiagh the

a1 -\.Iil.'l\.:-l'.:'u""i'\l'\-l'llll'. O 1R INCETACens winhy

|-.'J..h1|:|_..'h of Bgu

the materials around 5. “Where guano 15 in comtact W ith
bmestone, calcium-rich phosphate minerals form, Where it is
in contact with clav earth, alumannm-mch and magEiesnm-
rich phoiphates are the resultant species” [Fal and Fortd

19T 163). When it 14 st pro
percentige of nitrogen than phosphorus. However, & ume
nasses, the nitrogen 1 leached our, and phosphates become the

fuced, guano has a much higher

arpest components. The nitrates then contribute to the
mineralogy of the cave, often aiding in the formation of

S RIEFLOEL

waltpeter or other nitrogenons minerals
and therstore

hwavs 3 by-product of the leaching of bat gu

it i1 one of the most comiy (Hill and

wen bat guano mmce

Forti 1997:190), The majority of minerab fonned from geano
are phosphares. Whereas the nitrates are fairly soluble, the

| inteTact with other

phosphates remain m the guano a
paterials in the cave, forming an array of cave minerals, “More
[:'IJ.': 40 o |;|“. known cave ||,||'.|':'J.|'\. ConEaEn |."|1"‘"|"'|'"'1Ii"-
derived from bat droppings” (Moore and Sullvan 1997:70)
|.:il"w- -_-:|||.|'|-:':-h. SLILLE '\.::._:'.:|-1-:_1!'|.|h;-. can then q.-"-l'.'rl.:".'-ll' o the

cave formations. In the case of Mutern Cave, Romama,
phosphaces leach dowwn throueh fractures i1 the limestone and
texct with it to produece the speleothens in the Fed Room

Maoore and Sullivan 1997). Phosphates grce thete formationd
F g

their coloration. ln addiion to affecting caved” ge
can affect their lvdralogs: as well, In Devals Teehon Cave,

HEY, EATIO

Missouri, for example, the decompontion of bat guano appears

irisgr the
1996). The

microbial decompesition of the feces produces carbon dioxide

o change the CORn PrSITION of thie sEreani Waler ¢

I‘-"-: T8 15 |:'_l|-_I |_1:|I_-. are ifl the cave (I NEE In .I:II\.I \ﬁ'lh

Ax the kamt streasm Passes over the dec CTNHOSINE Eean, the
partial pressure of 02 in the water mcreases, thus altering 1s
rates products that have the

compaodition. Hat ypoano g
abillicy ro alter the cave’s 'E_'I."'.'l:l.'l';-\.' and hydrology

o also fUnCIions 35 an mmEporant cOSgy $ource i

(Guan

cave ecosvsiems, Caves in general are compidersd to be |
aurrieni-poor, Mast ecosvstens in the werld base thear food
webs on Pripnary producers in the Y POECAT SOOMYIRCIL

however, there are very few primary producers. ™ Because €

ervironment sssentially lack an autotroghid component, al

CAVE COEmILAIHSY st depend on cxXOZEnNeus ongan

material” (Hobbs 1992:84), This mabkes the cave ecodstem

incomplete ccodyvitem Chemoautatrophic bacteria are fGFE

fiods past the anly |_1|||.|I\.I-\.'|'!. found in caves. and ||1'\-";' afc

ander of ciergy

foid In few caves, Because of this, the
teeded to maimtain lile 1n a cave miast be provaded in

$e SORITCEE | I§l- =

af addacronal suttieies moom ouats

By providing a stable inpurt of energy. guano supports many

Cave COMmImuUmkscs Ic *“hizs hi !;I'. mutritional value af d is fed on

bre vapiews anmmsals a3 weell as provading a rich medium for

fumgi and bacteria™ (Gillieson 1996:208). Guano piles have

signthcant 'r'.\,.l_q::|ll..! 34 am enerEy 'H-I'_'r"l."l-.' becauie al the
sesemstial putcients they contaim. “Waste material deposited by

o

cyvermicales werve 15 nutrient reservoins” (Hobbs 19927

These reservoirs ane cructal tn sustaining the life of the cave
A% an STUECEY SOUNCE, Juano forims the basis of 1|.'El.||'-l.
communities. It can support a huge amount of bioimass

-auie of the energy it provides. For instance, “somic bar rleas
have been known to reach densities of 11,000 per sgusre

meter’” (Ellior 1981:102), This is one of the few regions in 3

cave whete many onganians can survive, |he organisms that

depend on guano can afford o be M'r srage giat” because chens

i Aog 2 scarcity of ¢ . A large and varuble food supply
and amociated miceoclimatic varistion would result in selechan
for thie !-“;h l‘.|u_||_|'|;'_|,'|,' rate” [Poulson 1972 57, Thewe
DFEAnasins q.III fof meed o gnvie up l."‘w-‘l'.'l1“'.'-'\. -\.|1.I.' I EETHSOCE

such as funceional eves and plgments, as the typis 3| K vrrabe-

gists” in caves do. Guano communities are "im ide up of 3 small

T Aiaminom phesphiie
minarals form from the
of clay and guano

Figure 1. Formation of cave mine rals by guano deponts and their interactions with surroumding

wil. (Hill and Forta 1997: inside front cover)
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Fignre 2. Comparison of energy mput i epigean and hypogean environments (Ashley 1995: 474),

mamber of species that have evalved to exploir 3 very specific
piche” (Gillieson 1996:233), Thee amgandims are often named
granophiles; or guanobites, “Guano piles function as distinct
and complex ecosystenn™ (Hobbs 1992:84), so many orgamisms
that have adapted oo life wathin a guano companiry ane found
only in guano heaps, These communities display dynamics,
just x5 many surface ecosystems, The bat only use caves for
centin periods of time, 'When they leave, the organisms thar
depersd on the giano as a source of energy must find a way (o
survive, “Either the onganinm an the heap become inactive,
netther growang nor reproducingg, or their populaton declines
markedhy” (Gallieson 1996:232). Then. when the bats requrmn,
the piles become places of grear activity once again, “The
food pulse that 1 mitated every year when the bats reourn o 3
cave greatly affects energy svailabaliy and also the communiry
of guanotires”™ (Hobbs 1992:35). During these periods of
kugh actavity, the temperature of the heaps can rise 1070 n
one week (Poulson 1972), The organisog char inhabir goano
l}'||:--. do not only wie them ad an enengy WOUR0S, however.

Their structure provides 2 lange surfice area for colomization,
and a depth in which aduls can Ly their eggs and vulnerable
larvae can burrow and hide. The specialized communities that
depend om bat guano exhibit charscreristics thae are different
from most of the other commumities within the cave,

The cavernicales that depend on guano are highly
specizlized. They are not specialized as many moglobitc forms
are, but are adapted in their own way 1o the demands of life as
a guanophile. “Few moglobites are found in the vicimity of
large bat guano deposits-the condirions are usually not right”
(Ellott 1981:102), Accarding wo a prominent theory,

33 = Phalror Vol 19 1, 2%

troglobites evolve through evolutionary pressures that cause
natural selection for features that expend less energy, such as
depygmentation and loss of eyes, Because these presures do
NOE cx1sk 10 BT |'||_-..|_:|_""\.l [[|!|,:]L111|I;|L T |'|J'.'\E f]n]1 l:".'\.'\ll"."l:l.‘l
there. Food webs in gesno comammenities start with het-
erctrophic bacteria and fungi that use the guano as a food
source. These life forms feed on the guano and it compo-
nents, and in doing so, they “relesse chemic al u'll1'-|‘-lll-l:ll-nl'- finr
further wse as nuerient maserial for other onganims™ (Moore
aned Sullivan 1997:7%), Without these, the guano would be of
no whe to the cave ccosvstem, In dhis way, “decomposer
organisms are perlaps more importans to hypogean comnuani-
ties for the role they play in energy tansier than they are

in epigean communitics” (Ashley 1995.476). In hypogean
communitics, they play an insegral ole in freeng up the large
amounts of encngy that lic in otherwise wnusable omganic
muatter. The heterotrophic bacteria and fungi are the firse step
ins 3 fooed web that contains some very specialized species. The
majarity of these are oy invertebrates, “The successon of
furg on bat geano seems to fvor subcommaunities deminaged
by mites and fies with preudoscorpions as the musjor predator”
(Poulon 1975:49). The cavernicoles that live on guane piles
are niot very large, bug they can be quite numerous, especially
fior a cave communiry. “The heaviest concentration of cave life
is where guane abounds™ (Moore and Sullivan 1997:111}
These organisms can include beetles, guano mites, guang flies,
protoesd, nematodes, prendescorpions, and various other types
of cavernicoles (Fig. 3 and 4).
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guano. These wrata contatned human remaim that a 2 resule of
paligomagnetic Mesunements were shovwmn to be a gquarter of 2
million years older than was previously thought for the
migration of the eartiest humans into Ewope (Moare and
Sullivan, 1997, Bat guano functons as a preserver of valuable
prehistoric information in sddition to it many other i
Drespite its many roles s a beneficial resource, bat guano s
et always wseful to humans, Bar gpusno contams nurients for
the fungal growth of Hisreplasma capaelatum, the fungus thar
casse hissoplasmoss (Granados egal. 1997). Hirtoplasmaosis
cafl DCCUE 33 an acute or chronic pulmonary infection, and it &
endemic vo many areas in Morth, South, and Central America
Prolonged exposure to bat guano increases the likelihood of
contracting histoplasmonis because the guano provides oprimal
conditions for fungal growth, “Higoplasma capiulanm groves
well in w01l enniched with bird or bat guano, infection being
acquired chrough the inhalstion of airborne spares”™ (Conte et
al. 1999:220) . Particulirly in Mexico, where it i often
considered an eprdemic, those with specific accupanons are at
high risk for contracting hastoplasmoss (Fig. 5], “Workers
considerad 13 having a high probability of M. capsulamm
contact [are]: cave-tourist guides, peasants that callect bar
guano for its nwe a6 fertilizer. and gamecock handlers™
{Granados et al, 1997:139),  Although it ocours very rarely,
sometimes bats have the fungus already in their investines-at
does not always grow secondary o the dung accurmulation, 1o
Nigeria, for example, after the wevting of a sudy group of bats
fior the presence of H. capsulanen, “of the 35 [banj examined,
only one yielded this fungus from it intestinal contents
(Dupaont et al. 1994:151). Some humans alio may display a
respiratory allergy wo guano, “In the Sudan, many gsthmatic
patient atiribute their symptoms o mnhalstion of bat drop
pings” (El-Ansery et al. 1987:316). Aside from medical
problens arributed to prolonged exposire to bat guana, the
cave environment cased by guano and i decompontion 1
aften l.'I.'PulH'r‘-l.'. Hlave .,-:-:r!n::-n may find -.r.1'-15|'|:l: anfkcr 2
EELLTND Cave un].'-|l:JHI1II because of the [.'.I.I.lrl¢"’- |1'|L|-:'h.':.' COTH S -

55 = Pholes Vol 19 (1.2)

tency and tend ammioniag addar, and also becatide of the
intneralle beetles, teks, e, and mites that sasari over ic”
(Moore and Sullivan 1997:1 11}, These type af sursoundog
mury deter all but the most devated explorers. "Some of the
large bat caves of the southweir and Mexieo are intriguing
SC0MIEEIES that deterve 1Hare -.I:I.I..‘l'!.' FHawever, the heat, stench,
e, apsd amamonia S be qaliee .,!|-.1;_;:reu|."|.r" (Elliort
1981:102), Bat guano is essential 1o organsms that live in the
¢aves, bur to humans it can be quite detrimental, or at least
make 3 cave an uncamfortable environment.

Conservation Implications

Becawe of the mole they p|.1'!' 10 CAVE STVITDIHTEC NS, EUEN0
ecoayiteinn nieed to be F'E‘l-"-ﬂ!'i-'!‘-] Hweever, “cave bats and bat
EUAN0 ECOSYSIORS a0 3 special MAnIgEment problen”
{Paulion 1975:51). Ower the vears, ban” numbers worldwide
have dropped. “More tham 509 of American bat specics ame im
severe decline or already listed a8 endangered. Logses are
acearring ar alarming rates worldwide” (Hat Conservation
[riternational 200}, The main causes of this decline seem vo
be human disrurbance and insccticide polsomng, with a small
amount ciused by the banding of bas (Elhot 1981:105). In
ordet 1o preserve the bat guino communities, the bats them-
selves miust be preserved and protecied. This 13 no casy task,
Because of their longeviey, semsinviny to bmsecticides, and their
limited reproduction (ususlly only one offspring per year), bats
are paricularly vulnerable to biological amphification and
extincrion. “Bats require special microclimates for summier
pursery colonies and for winter hibernation, and huen
sctivity at either time can be sufficient to kill bars or make the
colony leave the cave, often permanently” (Poubon 1973:31)
FLuining the ban’ habitat in turmn destroys the habitat for the
guanophiles by eliminating their dependable energy source. 1f
bats evacuate 3 cave $VIECTIL, the RN T thit n.1tpi.'=1+h'd o
their guano have hetle chance of survival. In arder 1o ensune
the sibsistence of guano comamunites i caves, bats thermweives
must be protected. To protect bats, we mint protect their
habatats.

Coave comervation poses 3 difficule problem. Many caves
ane used a5 a source af fevenue for p.iri:'l. and keeping all
people out of caves i impossible. Determining which cave
svstems dewerve to be protected & another isue altogether. In
oine strategy, three eriteria have been proposci for assgning
comservanion value ta caves that harbor bat populatom: ipecies
richnes, abndance, and the prescuice '-|=-"F"iﬂ.'|'l"\l ||:".|."|.'. ial
concern [Arita 1993), The best route of acton in protechng 4
cave is yet to be determined. Some insist that gates are the
onby way to keep humans oot and to preserve the cave
erwvimonment, However, ganng caves can change the microchi-
mate of the cave and force the bats 1o leave anyway, Same
gates are “unfriendly™ to bats becaise they can change the
airflow in the cave, and some do not allow bats to navigace
easily between the ban. “Each species nequires a particular
miterechmate conthination of wind, mossture, and temperature,
expecially in winter hibernasning sites...Lanng grurances...will



ruin the microchimate for bag” (Poulkon 1975:51). Howewver it

is dome, human visitation (especially during the ban” hiberna-

rion pertod) misst be hmited. “The reason s that awzkening

from and rener
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SURVEY

New Property Pit

fy Heth Hapen HUSSR (400, NESH T4267

MNew Property Pit (THC: 7L 9m, TVC 12.9m) 1s locared
on recently acquired land of Carver Caves State Fiesort Park i
Carer Counry, Kenmcky. The pit entrance s approximately
A.23m long and 1.0m wide; the pic depth s 11.15m (Figare 1).
A log partially plugs che lower 5.78m of the pit, making
rppelling and climbing a bit of a challenge (Figure 2)! Many
bones were observed at the bomom of the pit including those
of 2 cow and a turtle shell. The entrance pit intersecs a
horizental cave passage that ends 15.7m in the southeast
direction, but the passage to the northwest opens into an
impressive dome area 10m long by 8m wide
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The dome is separaced inom the suriace by only a few
meters of epikarst #t beost and inchedes several speleathems and
a waterfall, Two groups of Indizna Bass were found
5.1':I'|rr|.|.|'.4r|§ an the dome wall and -.'-:illng In addition, several
Eascern 'I-‘||'i-l;:a;!Er bacs. |'||iZ|-.|'-n1-:_ and pwo Spedich of cave
crickess were observed in the dome room. A tight crawl in the
southeast direction u_ul:kl':.' terminaces ag the scream level. The
MIain cave pasages Conmnuss to thie wett in a hands and knees
crawl. The cave remains a crawl for several mecers before
OPENInE up g 2 pasage 2.6mm h:':[;l'.l:. Several directiossal
helectites and stalactives decorate this crawl, while stalactizes
cover the standing passage (Figure 3). Saanding is only possible
for a few meters before the passage again becomes a hands and
knees crawl. Several E_-in:n:-pnd.i fossals are embedded .a'.nng
the cave walls and caling. The cave continnes as a crawd for
approximately 23m before terminating,
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New Property Pit
Carter County, Kentucky
THC 70.9 meters (232.5 feet)
TVC12.9 meters (42.2 feet)

sarveyed Febwuary §955-Rarch 2000 by
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Surprise Dome Pit

try Marchewr Hazahion, USSR 0449, NESR 47187

Surprese Dome Pit i deseloped wathin the Mississippran
hmestones of Carter Caves State loesont Park, Carter County,
Kentucky: To drop the pit, proper vertical gear is requdred:
static climbing mope, seat harness, safery {e.g., a Jumar),
rappelling device (rappelling rack recommended), leather
glves, an ascending system includang at
feast three attachmsnt points to the

- F.rrlrmw"'\.

i

.

mope, and at least owo ather people
with complete sers of vertical gear and
appropriate training. Proper instruction
on the use of all vertical gear thould be
sequired before atempting to use it on your own.
A pat is mo place o learn o eappel, ascend, oF v oy
aut that new system

Drescending Surprise Donse P, acoially cwo piies and
drops, requires the use of a single rope ag keass 40 meters
() loakg as well a5 3 Sm rope pad for the first lip and 2
wrap-around rope pads, each 0.5m long, for the second
drop. Erght meeters south from the entrance of the cave is
a tree 45cm in diameter which provades a good anchor
poing for safe rigging. The entrance of the pin & sineed
wiathin a small sinkbhale which, after a honiaontal distance
of only 1.5m, has a verical drop of Bm; chis &5 where the
Sm rope pad showld be used {pad everywhere the tant
rope touches rock of the ground, paving special
attention o the lip of the dep). After rappelling to the
bomoam of the fins pit you ase in a reon with an approxi-
mane width of 1.5m and a lengsh of 3Jm. Walk dewnlkill
while staving o the right, your back to the entrance
You will come e a window which lesds 1o the
surprise’ dome. The same rope s wsed (o
rappel into the second dome-pit, L'se
wrap-around wope pads when descending
the secomad drop, one pad where the rops
luias e -.t|.|13| lip of the LrIEIIIE‘ ard ane
where it hits the sharp bottom lip, Yoo
st wigile and contor o pas through
the wissdow and l"-q;l.n r.'.prrll.in.}; the
secand dmp '[".-\.'nl.lrh'.ir.'l':.' 0fl Tpe
wihile passing rh:-.*.-l:gh the window, The
second ..I.pup ia akrout Tim long and brings
yoru imto a room 2.5 by %m. Locking
up you will see a dome 10m high
Continue on into the room and vou wall
notce a remarkabby straight wall on yvour
left and another straight wall with a

4] + Pholeed Val 19 {1, 2)
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shelf approamacely 1 high. Look assund and you are sure 1o
firice 3 large skull {fee, mor buman) and possibly Slimy

{ Plerhoden phartmania) and Longrail (Burpoea lomplauda) sala-
manders and Solitary bas (Pipisrrelius subfame), At the back of
the moom you will see thar the Sm all ceiling does not lower
bt the width of the room becomes an mpassable 0. 1m

There are twe draims in the lower room, one at the front and
the other at the back. MNothing is known about water levels
during hieavy rains so make intelligent and safe dexisions about
visiging the pit

Surprise Dome Pit
Garter Coves Sinie Resort Park

""' Carfor County, Mooy
lll"\_--\-m--_.-'—\. THC 18.1m TVE 15.8m
| Surveynd 10 Septembar 2000 by WLLES,
| Matihirw Hicoglton and Rob Payn
I|
[
II
£+ —




“Spelunking”

L1 Bew Greare, HWLUISSE

You could call this arn

Ie a st |-||.' I:'I|F|_I'-:||| EEh B |-J|'H.:
caviig experence becase that iv what it is, As a Wittenberg
freshman, 1 beft for my first caving trip on 29 September, 2
We (the Wittenberg L.;I:Il\.'l."!".l::. H't'-rl-.'-.-l-\. wical SOCICEY) Welll to
Carter Caves m Kentucky, What an expericnce!

Recflecting on this experience, | 5
{the WLISS members) are even e

e Lo WG

1 1 1
WL Somac FHNLCTOIRINE LN on the matter. It may be

because of the risk factor or adventure that caving holds for w

The fact that it 5 5o different from other events char “nermal”

college students participate in may abo be a resson. The

NLYET-C & Prornsc 101 © ':Irl it new cave v be the

l\.l:l'\--\.' I HOIMIC |'|.T|'.u|'|'. il'.l. TN 1T uEnE 1ACtor i KT s

ud caving deals wath our semse of exploration, Co

where everyone expects o find himsell ar herself, We are

comtantdy encouraged o explere our imterests and inner selves

Caving 1s just a physical tangent of this thinking. People who
are exploring ¢

. ;
ton of the world, | do not know 1f these are easons

decided o go caving, and it does noe really mat he point
it that | went.

ud b pack two words to describe chis cav

. T " I
they OMEICT I:"\:' SUEIRY -.l'-q:r.-l..-.| Lk I-\.! IPCNET .'\I\..I."'u' CVCT 8RS0

a cave belore, and suddenly | was crawimg amound iside them

: .
| never knew wh g oor for how logse | was poine

to fave 1o do chas o crawl. | was conbored and

1 Lorna

ST III'Illll' l-:!'\l- ||1l\.' 'Ian:lul." dk |.:1l\.' BIITRC T,

hzard like animals, baes, «;*-i-.|q:r-. and cave cnickens. [ slodhed

1 K i 1
il (ERE] I_I 1 WakeT, § LUCEE I."J L I1'.|."'i:-!.{|' CIEAE 5paccy, and chmbed
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er why we
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cir minds may be avtracted wo phvsical explora-
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55

racky crevices. Alo, | have never seen
Ik

WCLTW EFY

more thick, clayish

or becn mio il Unfortunacels, yoa

Oy

ner call wlae [ did " UCavng” requires some basic

af which [ di

knowledge and ski | not have. Mo, 1 was
defuanely oot “caving.” | was "splunking!™ That & all shere
to that

Servously though, my first caving tip was a posative

[0 Coaulmant soar

expericnce (or me, [ was e af my fam

whach | think is abvays a good thing to do, These basic fe

e
icluded an unexpected clavitropliobic feeling in a cave &

Devwre] (which Just b o be tull of mce browvwn vwaber)

MPPECHl

and the classieal avoidansce of bats. [t i lard vo avold baes in
cave, atid as for Bowel, there & only one direcoon o go,
FORNARD! Whatever fean 1 fele were dealt with on the

spot. The strength of the group was the reason they did oot

- et

beconee b deals. T farls’ B OHir g d such a

1 i P i
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ichce. Here | was® II.I|'_T||H.I
all of these other studemts were anly thanking abost
- chamber of the cave. Their calmness kept me

I was able to have more fun beca

Mow | am back anWinenberg where people walk on thé

i insead of crawding bencath . Lif

s back 1o “nor=

i ’ i
imal.” whatever that means. | have had dme to comprehend
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caving is AWESOME (as if | really had oo think aboue i)
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rehing I can conclude ix tha
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INFORMATION FOR CONTRIBUTORS

ECHTORIAL POLICY: Mammeripts treatmg batic
revearch in any aspect of speleotogy will be comsidered for
publication. They must not have been previeuily
FLIl."-I.HhI:'-\.‘I.. accepted for publication, or be amder
comsdderatbon elsewhere.

All manuseripts are to be in English, Metric and Celsius
units must be used, and S unics are peefereed. The CBE
Sevle Manual, the Handbook for Authors of Papers of the
American Chemical Soctery, and Websters Minth
Caollegiate Dictronary are useful guides fos matters ol
form and spelling,

The original of the manuscript mst be ryped dowbled-
spaced on one side of white bond paper approximately
8.5 X 11 inches, lesving mangins of one inch. Lise triple
space above headings. Sulwmin four copies for proompt
review. Mumber pages consecutively ar the top righe-
hand cotner. Underline scientfic names of genera and
lower caregorics. Acknowledgmems should be on a
separate, double-spaced page, Each figure and tble must
be referred o in the text. Text references are by authaor,
followed by year of publication. The sequence of material
int the manuseript should be as follows,

I, The title page should inchede che title, author’s
name, affiliation, and nuﬂmg sddress.

B3

The abararr shouald ot exceed one duuhl:-tp:.».:cd
page. It should contain a swmmary |:|l'1.'|1|:|1.1l!'|-|.':|n!
findings and note the implications of these
findings.

X The inmoduction,

4 Meifhady and mmieniair

5 Remiln.
B Disniccion,

7. Liveratwee Cited, List all puh|:||:.1.n|:|r|.|. referred o0
the manuscript leh.:he ncally by first anther ona
separate sheet of paper (double=spaced). Each
citation must be complete, according to the
following examples:

Article: Peck, 5.8, 1974 The food of the
salamanders Furpeea hedfige and Plethodan glurinssas
i caves., M55 Bulletn, 36(4): 7= 10,

HBook: Moare, (5., and M, Sullivan. 1997,
Speleology: Caves and the cave environmient. St
Lous, Missour; Cave Books.

Chapter; Hobbs, H H. 1992, Caves and
springs. In, C.T. Hackney, 5. M. Adams, and WAL
Martan (eds, ), Biodnerity of Southeastern United
Staves/ Aquatic Conomunitics. John Wiley & Sons,
PP 59-131.

8. Fipes and Tables, Should be seli-cxplanatory;, with
caption. Each table should start on a separate sheet,
Headings and format shoald be comsistent.

Addres all mansseripe and correspondence concerning
edivoral mamers o

Ed.1|:-:|:r, Pialeas

cfo Horton H. Hobbs 111
Dept. of Bialogy

Wittenberg Universicy

PO Bax T20

Springfield, Ohio 45501-0720

43 & Pholeor Vol 19 (1.3




sl LT M

PHOTOS

i

ey

avepon e, Carfer

et [MAN film _r~:--- 5

li CWEE, Mouli
£

SOUTERRAIN

L]
o
O
_I
<
o
O
m
<
—

g B o
. - =
= 5 r
r 5 5o
= 3 5 &
2 Ao Lo = T4
= = o
H = -t " T
- - . - St |
o r E
] - '
3 E = "
—
=% iy

o : e
-+ =
- P -
% a 3
£ i 4
5 £

=l

tm

i
il Kb |".|:.'n il
Beiow: BFLISS tr
T

i




[emartment of Hinksry :
N Winen Firet Clase

Motrdli TR Ferp o avrrass LI % Bl p
R T2 PAID

Porr 0
willenbeeg!lll .. o AR
uncs ERg Ty =il ST Sowinggield, OH

Perrmilt M, 30

i




