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Studies of the cave crayfish, Orconectes inermis inermis

Cope {(Decapoda, Cambaridae). Part 1V: Mark-

recapture procedures for estimating population size and
movements of individuals

by

H. H. Hobbs HI (1}

INTRODUCTION

The first account of the iroglabitic craviish Oreonectes inermis ineriis ocour-
rinz in Indiana was by E. [, Cope. who o 187D reported S srecns
peffucidus 1o inhabit Wyandotte Cave, Since this carly account, the eravlish
has received considerable attention {(Hobbs and Bacr, 1972 and Habbe,
Hobbs, and Damel, 19771 Yer, few data on s Life history, behavior, and eee-
lagy are available {Jegla, 1965, |966).

I this study an attempe has been made to determine the range of movemenis
ol individuals of, Q. { irermiis in a stream flowing through Pless Coave in |-
renge County, lndiana. All segments of the sublerrancan portion ol the
slream support a comparatively large population of this albinistic cravlish,
Considerably less abundan are the three pigment-beaning craviishes: Cheeo-
aectes mmunly (Hagen), Oreonectes sfoondi (Bundyh, and Cowrfierny (5 redn-
combarus) faevis (Faxon). So fow individuals of the piemented eraviishes oe-
curring in the cave were encountered that only passing references are made 1o
thent, See Hobbs TH (1973 and 1975 For what fow data are available concern.
ing these animals.

Severnl investigarors have studicd the movemen| of cravtishes in epigean hehi-
vty and have developed variouns marking techmgues for recognisng indivi-
duals tsee Appendish Only Jegla (19630 tas an aid i elanilving molime po
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riods and in obaming a roueh population estimate in Shilah Cave, Lndiana)
and Cooper and Cooper (1971, 1976} (Shelia Cave, Alabama) have vsed 1ag-
ping in studying sublercanean cravfishes. [n the presem study, cave crayfishes
were internally and externally marked and movement data based on sight
andsor hand captures were recorded for individuals,

HTUDY AREA

The sty aren, Pless Cave, les within the Salem and 5. louis limesione or-
mations {(Missisappian deposits) of the Mirchell Plain, The two entrances o
the cave are located in the 5E 174, NE 174, 5E 174, Section 5, Township 4N,
Ranee 1W just southeast of the East Fork of White River, approximately 3
b osouthwest of Bedford, Lawrence County, Indiana, at an elevation of
L9 e The Mud-Hlnas Grotto of the Natenal Speleological Society which
hias been mapping Pless Cave sinee 1967, has discovered oearly 5 km ool cave

[rassages.

Ihe larger entrance Lo the Cave (Tig, 1his in the face of a limestone bluff, 9.1
m high, which forme the head of a small winding valley. This valley, once parl
aof the cnve, now serves as a conduit for the stream that courses through 1he
cive sl exats via this entrance. In then flows northwest for approsimately 0.8
ki and cmpries into the East Fork of White River, with whichi it is a1 grade. A
secondd Stharst window™ entrance to the gave 15 located some 3005 meters up-
siream from the siream exi.

Ihe cave passapes range rom 0.9 1o 9.2 moin width and from 0.5 10 122 m in
heizhil, They Tollow along and are controlled by NS and EW trending joint sys-
ters, primarily within the Salem Hmestones and there is evidence that al one
P the cave was much more extensive than al present (Palmer, 1968, 1969),

he migjor ME-5W rending stream Plows the length of the Cave (Fig. 1pand is
i by lareer tributaey from the south 1A m From the main entrance, and
aominor one enters i frian the north 410 m wpstream, Numerons smaller **fee-
doers"enter ialong ds entire course, During normal Flow the stream ranges in
depth Troam o Tew centimerers oy 1o, Certain arcas of the cave may flood 1o
the ceiling, al tmoes making access Impossible. Doring perieds o annual
spring lewling the Fist Fork of Whire River backs up, flooding the valley
porilseest ol the eove, inondaring both encrances and an undetermined por-
P s the civvern passdoes. Adonge the course of the stream there are many
Pl Prown 03 1o 0049 o1 inadept iy, and aosinele pool in the north iribatary pras-
atge i 24 e deep, Bacepl Tollowing rains and spring thaws, the water is clear
e Fecsees vers rbad during flocding doe primarily o clay and sile suspen-
stone The womposition of e subsore af the sirgwm i quice variable: sil,
sl erasels Uhreahdow i bedrock, and all combinatiens thereot. Large
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mudbanks ure prevalent throughow the cave and constitute o larege poroon of
the stream substrate, To lacilitate recording of data, the study arca witlan the
cave was divided into five sections, which are relerred o thronghoul e tes
by numbier (Fig, 1)

METHODS

Prior 1o marking any craylishes in the field, various tagging methods were gaest-
ed inihe laboratory, Speciemens were collecled from bath the cave environ-
ment and From surface streams west of Bloomington, Indiana, and transter-
red 1o cold rooms {semi-darkness at 13% C). Since single crayfish were jo be
studied  for a considerable time  period, i1 was  imperative thar o
Spermanent mark be utilized that would allow for individual identification.
The initial approch was (o clip appendages (Goellner, 19433 Observations an
the behavior of numerous individoals so marked indicared thar this methad
may influence the motility of the individuals. Moreover, the uppendages are
eventually regencrated, ar times racher rapidly. Henee, i was decided 10 1est a
permanent mark produced by the injection of colored ink (Slack, 1935}
Lising & 2 ml syringe and a Mo, 23 needle, Bates Mumbering Machine Ink
(Mo, 492940 was injected o the abdominal segments of surface and cave
craviishes. Marking was dorsal in O @ fmereis because of the absence of ma-
sking pigment in the exoskeleten and to eliminate any possible damage 10 the
ventromedian nerve cord (the marks also could be readily seen on cravtishes in
the stream). The needle was inserted {imo the muoscle) lateral to midline be-
tween the abdominal segments and posterior 1o the scgment 1o be marked, A
minote amaeunt of ink was injected, leaving a small distinet colored spot.
Because the surface dwelling cravfishes are heavily pigmented, ink injected
dorsally 1s not readily visible, However, the ventral side of their ubdomen 1s
encased inoa thin, transtucent cuticle through which vemral marks proved 1o
be quite visible.

Some craylishes were 1ageed vsing red, blue, and black Numbering Machine
Ink combinations; some were lageed only with Wesson (h] (used 1o dilure
ink}: and others were stuck with the needle or left untagged. [n Jess than a
month nearly 30% of the epigean specimens from all groups were dead, but all
groups of the troglobitic subspecies remained in apparent good healb and
withoutl any mortality, These data suegested that some unknown extrinsic en-
viremmental factor, oot the material injected, was responsible for the high
mortality of the epigean species, To substantiate this, 10 specimens of O, pro-
primgrns (Girard) and Fve of O 68 ) feevis were collected from surtace sireams
and placed in environmental chambers in constant darkness. Within two
weeks, Tour specimens of G gropinguus and one € feevis were dead, In both
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spwcies, cirnmbhaliso ey Bieee been invalved, alihough all the €0 propinguus
woore e within Fee weeks alter capture, The remaining O feevis lived seve-
vl ot bes dad were then released, Al tapeed troglobitic Oreoneeres survived
e the Bberatory, conrirminge the belic! thae these cravfishes are not apprecia-
Bl inpured b rhe cgping methed . Additional €307 frernns were idecied with
visteriliced pecdles soithont morcad ity or infection, Thus, to speed work in the

el wrerihesiion was oanined.

Scveral of the ariginal erivtishes lived in the laboratory through owo successiul
srlis, amed Anall b individuals, the internal rag remained uonchaonged. In the
Fekel, howeser, alter approvimately & vear and a half, the ink began 1o fade,
Facdimp wies especially abs ous o cerlain individuals marked with blue or black
volors, Sinee red was retained clearly the Tongest, it is the most reliable color
al Bates Ink Tor an imernal tag. Even with fading of the other ink colors, 1ug-
aed individuils were relatively casy to recognize, as the area around the injee-
Piern sies assuied o dark brown color, Toming a Y stain™ or “tscar,™ in the axo-
shetenn. The additional records of lengtl, sex, morphological variations, and
injurics recorded ac the me of initial caprure, as well as ar cach recapiure,
miade he adentification of marked craviishas certain in all excepr a very few
mislinees. Subsegquent visies ta the cave demaostrated that the internal tags lase
Ionger than was orginally anticipared, A male erayfish was mjected with blue
ik an 3 July 19710 O 22 Nav 1977 (3 vears, 10 months from initial tagoing)
the individual was again recaprured and the tag was sl guite clearly recoani-
sable.

Inaddition tathe internal tag, the craylish were marked externally in the same
patiern with colored fingernail palish, Alsa, the number of the study section
(e, Lyin which the individual was caplured was painted on the dorsal side of
Lhe cephalimboras, These external marks not only epabled idemifications 1o
e made without disturbing the individuals, but also aided in determing whe-
(her or not 1the eravfish had molied since lasl observed,

Maore individuals could be rageed wih one color of ink if all the abdomimnal
sCEments (in various combinations) were marked, but since “'bleeding'” ol the
ink sometimes occurred ab injection, with small amounts of ink “leaking' in-
to the adjacent areas, ooly aliernate segments were marked. The system of
idemilication emploved s depicied in Fig, 2, Use of multiple color combina-
Hons allowed a suflicient number of combinations for distinelive tagging. The
initial procedure of marking and recording data in the ficld required approxi-
mately ten minutes per individual,

[he following informarion was recorded for cach cravfish when first marked
and ar each recapiure or sighting: carapace length i mm, sex. {form) in ma-
les: lemales it ovigerous or not, and with or without cement glands, cees, or
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Fagure 20 Dol view ol venerabioed crio by, showime syssem tor numerically marking indivicdual

crant Dislres oy Pless Ene,

wornng b, tnaeeies and regencraned appendages and mol state, The lecation of
caprure of the craylishes was noted along with the type of substrate, the
amawnt and kmd ol potenial Tood {leat, suck, erc) if present, and the ani-
mals were releised into e stream af the site of caplure. Their actions upon
rehease wore it observed, A wire with an acetate flag was inserted in the mud
Banks when the cravtish sas Tirso capiured so that the distances (upstream and
devw st ream) subseguently traveled by cach individual could be determined.
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The code number of the craviish marked was scratched into 1he acerate,

RESLILTS
Estimutes of population size:

The first cravfish was marked on 7 Movember 1970, and the last individual
was injected on 12 Febroary 19720 During this 16-month period a woral of 226
cravfishes was tagged: 211 O, (. dnermis, 2 €3 immmunis, and 13 O faevis. Dur-
ing the period of study, October 1970 to September 1972, 96 tageed indivi-
duals of Q. ¢ inermriy were recaptured at least once Tor 46%0 recapture rate,
Oine O, pmunds and 5 individuals of O fgevis were observed subsequent 1o
heing marked, a recapture tate of 50 angd 38% respectively.

Estimates of the population size of O 1. fneestis in the cave wore made using
the Schumacher-Eschemever Index (Schumacher and Eschmoewer, 1943;
Hobbs, 1977, Since the study area was divided into five sections, and all were
not sampled equally (problems with flooding), an estimate of the stee of the
nopulation is presented For three of the sections and a summation of these is
eiven das an estimate of the tolal popolation size. Due in part to infrequent
campling only one and no recaptures were recorded from Sections 11 and TV,
respectively, thus they have been omitted from the sectional estimates.

I st investigations of home ranges, only individuals caprured three or more
fimes over d cerrain period (3-4 weeks) are considered in apalvses; however, in
this stuely several factors led 1o the use of all movement data from all ragged
mdividuals: the population was relatively small (compared to epigean popula-
nonsy, Araps with atraccant baits were not used {all crayfishes were caught by
hand ar with the aid o a dip netd, o large partion of the study area was not
physically disturbed by the rescarcher, and the crayfishes tended (o remain in
apen, unprotected areas, regardless of physical perturbations (excluding spates),
The time clapsed belween captures varied from one ta 558 days, with a mean
thime interval of &6 davs.

The papulivion estimarte of €. fmersiy in Section | was 380 individuals with-
in 1edh m (2308 craviishes per [0 m); the 95% confidence limits for the sive of
the populaiion in this section are 301 and 438,

The populicion eslimare lor the same specices in Section 1 was 694 within a li-
neir distiner of 233 1, or 298 crayfish per 10 m (9%5% confidence limits of
F1aand 872 individuoals).

Section ¥ owis estimated o suppart a populanon of 312 80 L inernis over |45
M (A5 cravlish per 140 md the 93% conlidence Timits are 37 and 708 crav-
Tly,

Combining (he three sections, e siee of the popalacion of G0 4, freraiis was
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Table |, Movemicnt ol fhrconectes grerens arecenes Trom e paiand of Bt cepioe s o bangtioe
TSN

Slatistic Simindard Frror Cnnfidence Limils
59501

Farm | Males (N =511

Mlean 2.4 5.42 —171.13 Wb
Median 1L IX] 5.8 — I3 R 13 66
i —.(s Rk =T Al
Ciz 2.3 il | 0¥ 384

Form I1 Males (N = X8}

Mean — 7.5 679 21,27 5.7
Mledinn 5.0 3,32 —22.28 B35
i —2. 14 L] —2.89 —|.B%
iz 12,38 ] Tk Fius

Females (M = 102

Mean —|3.04 .96 — 2R Had 237
Medign — 2.0 3BT —21. 81 17.481
L —3.82 ad —d. 29 —1.3h
iz 22,41 A7 21.48 2134

Tahle 2. Toal range movements as a Tunstion of sex For Chreogecies (Rermis weerrs,

Statistic Standard Error Confidence Limits
' [5%0)

Males [ =51).

Mean 35.47 L.53 24.15 Ay, 5%
Mlodian 201K f.03 64005 13,594
£ 2.07 E .42 253
iz k| Nl 4.35 6.9

Females (W = 45)

Mlean (744 15.58 e i 98 Kb

Median 214K 19,51 s 3 72137
iy 1. k2 35 1.4 KR

Ciz 12,06 By 101l 13,26
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Showness o the righl i positive, orin the upstream direction, while skewness
te e Lot inmcicares (e downstream direction, The g statistic which 1es1s tor
shewoness of curves, s emploved, and o g: test was used 1o check for kurto-
s A tesD was eed and W3% conblidence hmus of the mean, median, and g
aned gestatistios were valenlnred § Tables | and 2). These calculations were ma-
de unliamge computer program A3, of Sckal and Rolf (1969},

When distances traveled between capiures are plotted against the number of
individwals negotiating them (Fig, 3 the mean distance moved 15 -2.24 m
townstreamnd For Form [ {breeding) males; the curve is not skewed bt is lep-
(b urlic (Table 13 The mean distance moved by Form 1 {non-breeding) males
po-7 8 me andd the curve s skewed 1o the left and leprokunic (Fig. 3C). Because
the curve s negativels shewed and because the extreme values of distances ma-
v exerl o hewey inlMuence upon the mean value, the median value of -5.00 m
v Beheved to e g maore realistic representation of “'average’” movements of
Farm [ omales, Par example, one cravfish was displaced 198 m downsiream
coinvident with heavy precipnation and fMooding of the stream. The mean dis-
tance moved hy females s -13.04 m, and the curve is significantly skewed to
the ledt and leprokurtic. Again, the use of the median value (-2.00 m) is beligv-
wd oy be a more accurate estimare of their average movements within the
sLredn.

When the total range of movements {maximum upstream Lo maximum down-
stream) is plodred as a function of sex, males (both o'l and :fII} are shown Lo
Tve amean center af activity (home range) of 35,3 m (Fig. 4). The curve is si-
enificantly skewed (o the fght and lepokurtic. The mean home range of fe-
males is 67,4 moand the curve alsa is skewed to the right and leplokurtic (Table
20 In bath sexes, the range of movements varies considerably, with the maxi-
ro inemales being as much as 204 m and of females, 571 m. Since the majo-
rity of movements, however, are less than 100 m, the plots are skewed signifi-
cantly, Thus, the median values (20,0 m for males and 23.0 m Tor Females) are
believed Lo represent a more accurate estimate of the range of activity (Hobbs,
1977,

Many of the downstream movements of crayfish can be correlated directly
with rainfall and meliing snow and e, The smallest female tageed (16.9 mm
curapace length) had moved 556 m downstream berween 18 August and 7 Ohe-
tober 1971, During this 49-day period, 14.02 ¢m of rain had fallen, of which
3.25 cm fell during one 24-hour period and 3.33 em during another, With such
precipitation, the cave floods rapidly, and any crayfish that do not seek refuge
are likely (o be swept downstream, This does not imply that all downstream
movements af crayvfish are the result of flooding, nor does it imply that most
crayfish are forced downstream with each flood, Quite obviously many cray-
Fish were not effectively displaced by increased water flow,
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Precipitation data for the Bedbford, Indiana, area and air and water tempera-
tres are presented (Fie, 59 For the cave interior and for the surface 32 m from
the lareer entrance. As can be noted, air and water temperatures remaimed re-
latively constant deep within the cave, varvng only a maximum of 2.6 and
2870, respectively, As expected, the epigean values fluctuated considerably.
Iistanves raveled belween recaplures are not directly related vo the time elap-
sedd, Por esample, one female was found only 2 m upstream alter 558 days,
wlheresns anather Temale had moved 74 m downstream in only five diays.

Tutal runge of movements ploted againsg carapace length yvielded significant
(4 < LO5) Linear regressions For hoth sexes (Fig. 8}, with regression coelti-
vivnts of G.a% Tor males and -5.26 for Females, Thus, small females have a con-
siderabdly farger total range of movements than farge females, whereas large
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males have a somewhal greater range of movements than small ones. Separate
analyses of upstream movemnents and downstream movements as a function
of size of individual {carapace length) show thal (Fig. 7 smaller individuals of
both sexes tend to be displaced greater distances downstream whereas larger
individuals exhibil a greater upstream movement, Although all the regression
coefficients are significant (7 <<0.058), the upstiream movements of males and
females with Tespect to size are quite similar, whereas the regression of down-
stream displacement of females has a much steeper negative slope than that of
males, indicating that small females are more readly displaced downsiream
and for greater distances than small males.

Very few juvenile cravflishes were chserved durning this study and thus no at-
tempt is made 1o examine the positions of these voung age groups relative o
larger males and females.

DISCUSSION

Based on the data presented above, 1586 crayfish { + 79, 95% confidence lim-
its} inhabit the study area, If the estimate of one cravfish for every 0,34 m of
stream passage is reasonable for the entire system, there would be approxima-
fely 2841 crayfish per km, The estimated 3 km of stream passage would thus
harbor a total populacion of 8823 individuals. The stream, however, 15 not ho-
mogeneous throughout its course. [ varies not only i depth, flow, and gra-
dient, but also the substrate is guite diverse. Furthermore, the density of cray-
fish is apparently higher in areas where organic debris has accumulated, Thus,
stch an estimate of the total cave populaticn is undoubtedly excessive.
Leprokurtosis andsor skewness in many of the plotted curves sugeest thar move-
ment of L fnerstis s not random. Leprokurtosis indicates grouping around
the mean, and skewness reflects the direction of net movement of individuals,
Hence, it is apparent that individual € & fneesds tend to remain in a restrivied
area, with moderate movement both up and downstream. This area for males
i about 20 m and for females abowut 23 m. These centers of activity, or home
ranges, of individuals overlap the ranges of others, thus generating competi-
tion Tor food, space, mating pariners, etc. Where these home ranges are inva-
ded by O FE) laeviy, additional stress is placed on individuals {or food and
space, These centers of activity for both sexes apparently are not constant
throughout the lives of the individuals, as indicated by the net downstream
movermnenis between captures of individoals (-2.24 m for Form T males, -5.00)
m for Form 1 males, and -2,00 m for females). Thus the population, although
stable wirh respect to total numbers cbserved in the cave during the study pe-
Criodd, appears o be slowly moving downstream (owl of the cave? - no {3 4
imervaisy hus ever been observed in the epigean portion of the stream), and
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may be restocked from the upstream partions of the cave. Such netl down-
stream mavement is due in part 1o flooding and pechaps also in pan 1o popu-
[ation pressures. Aoy Ume interaction occurs (inler - orintraspeciiic), the *Hi-
ness”” of the environment is reduced, as the cave crayfish is strictly solitary ex-
cepl during the mating peried, or whenever Tood accumulales in pools and
when females are carrving young. Also, they are constantly using energy (o
mainain their position in the stream. 11 the population density increases o a
level at which inmeractions become excessive (increasing competition for food,
space, gngd mates, sometimes resulting in loss of appendages) then it scems
hiohly prabable that migration would occur, The physical pressure of the cur-
rent 1o foree individuals downstream probably would become guile an impor-
tant Tactar under such population pressure or densilies. Although only hypo-
thetwal, it is likely that if voluntary migration-displacement (ned the result of
spates) should oceour, it would peak with the release of voung or when there is
arginie inpn into e svsiem, inoas muoch as individuals congregaie inoareas
where organic debris (potential food) has accumulated.

The sive of the home range of O (L inermis 1o Pless Cave appears 1o be related
tonthe size of the animal, its sex and stage of reproduction. The values of dis-
lanves traveled berween captures demanstrate that Form [ males are less active
and ravel shoreer distances than do Form [ males; however, both demonstrate a
nel downsiream mavement. Large adult females exhibited less movement than
stmall adults andsor juveniles (Fig. 6, 73 this is primarily the result of small
cravlishes being washoed downstream during spates, Females alsa exhibil a net
downstream movement, Comparing movemenis of all males and females, the
ranpe af achivity of males is shightly less than those of females (median= 20
and 23 o vespectivelvh. Imterprecation of  these dara is some-
whart difficult, in hght of whal is known of the activity of other crayiishes, A
sharl term study of Creonectes imermis festid (Havy in Mayfield's Cave, Mon-
rowe County, Indiang, during September 196% 10 March 1970 showed thir the
siee ol the home ranee ol this species does not appear (o be related 1o the size
ol the animals, pee se, but i does seem (o correlate 1o sex and stage of repro-
duction {Hobhs, 19733, Grearer activity of males (s closely hnked o the repro-
dictive cvele of 0 f rescd in Maviicld s Cave. Why this is not demonsirated
i Pless Cave by O3 0 s is nat fully understood, but possibly the greater
arionint ol Nooding and the presenee of detrital food mats may significanily
alleet 1the displocement of individuals of (his species,

Clontrary fecindividuals of €8 ¢ feeeanis, the tendency 10 meve UpsITem seems
v alovminaie over the downsteeam movements of G000 dessdd [{mainly Form |
nathes o Muvlcld s Cave {Hekbs, 19730 been individuals (639 were ob-
served b o wpatream and B 35T were found o move downsiream o
their tigged location (hased an the Final posinon relanve 1o markme)y, These
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data agree with the observations of Minckley (1964), Momot (1966), and El-
liztt (19713 that certain aquatic invertebrates exhibir extensive upstream maove-
ment, although not necessarily as a compensatory mavement for downstream
displacement following floods, This was not the case in Pless Cave where mo-
vement data support the propesal of Momor (1966) and Warters {1961) that
floading results primarily in downstream displacemant, This may be a pecu-
liar response of the crayiish inhabiting this particular cave, since the subterra.
nean aquifers respond rapidly to precipitation and receive large volumes of
water from considerable surface dramags.

Greatest densities of cravfishes occur “where the steeam gracdient is minimal,
where there s a sulficient supply of food {organic deiriius), and where the
substrate 15 mud and silt rather than stones or bedrock, Inoareas of low stream
gradient, where there are pools and the flow s retardeds, the substrate con-
sists of mud with a silt cover and quantities of allochthonous detritas. Because
these conditiens invariably occur together, i 15 very difficull o salare one of
them as being most imporiant in influencing the aggregatiom of cravlishes there,
Thus, there exists an apparent correlation of highest population density with a
silt-dlerritus subsirate,., Food, however, 15 one of the major imiting Bictors in
the spelean environment. Thus, cavernicolous cravlishes abandon, for e
most part, areas of the stream where rheir peeferred substrate [rock-gravel|
exists 10 freguent areas in which the limited food tends to ke concentrated in
the form ol derritns”™ (Hobbs, 1976 408). In arcas where food accumualated,
particularly 10 pools in Sections | and I, individuals were guite numeraus,
Mo cravfish were observed lghting during the study, however, inter-
and intraspecific contacts no doubt occasionally oceur where individuals are
at a distance of less (han (0.5 m, the “awareness distance™ (Hobibs, 19764: 047,
such encounters have been observed i olher cave populations in southern Lin-
diana, Territorial spacing, per se, has not been shown 1o ocowr within 1l spe-
cigs) however, laboratory behavioral studies and examination of pheromuone
production and sensitivity of this cavernicole are presently heing conducted,

A pointed oul, in this heterotrophic environment energy i an exremely lmin-
ing factor. To exisl in such a habitat, numerous adaplations have evalved o
aid the species in goping with the stresses of the enironmentc. g indivale
(number of crayfish observed in each section per trips Lo cased that the populi
fion remains relaively stable with respect roodensity. This is wosituation whery
the aguatic community is relatively low in diversity, vet i1 rewains stable doe
fo the leractions of densitv-dependent and independen factors {i. e, popu-
lation pressures, compention, and Toodingd restocking Trom upsireanm seg-
Hons ol the cave, reduced metabolic rate, and g somewhan s halanee bet-
ween the species” biotic paten gl and morialicy rades The dguaric conmuniry
of Pless Cave coneasts of Lhe poerohes ssociided with the subsarare delrinal
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miats, the amphinod Crangonvy packoerdi Smith, the sopod Coecidlorea stpgic
Packard, the copepod Athevella pifosa (Chappuis) which was found only as
an cctocommensal on craylishes, an uodetermined peritrich ciliate protozoan
an the exoskeleton of many crayfishes, the common pickerel froe Rana pafis-
feis LeConte (observed only once near the second entrance), and the four spe-
cies of crayfishes, OF these, only the troglobitic crayfish is abundant throughout the
cave and it 15 apparent that the number of trophic levels is small (never greater
than and wsually less than four: vegetative detritus, bacteria, isopods andsor
amphipads, and crayfishy, Many factors can affect the number of species pre-
sent, such as Food supply, environmental rigor (e, flooding], environmental
variability and predictability, competition, and predation. The cave environ-
ment is cerdainly stable compared with epigean environments and the major
perturbation (floading) is generally predictable. Cave craviish rarely, iF ever,
serve as prey 1o other arganisms in Pless Cave, thus, it would appear that food
suppdy 15 the prime limiting factor affecting the success of populations in the
cave; vel, the stahility of the population of £, 1. fmersis Temains nearly static.
The diversiy-stability hypothesis states thal complex trophic systems will be
maore stable than simple ones, or generally it predicts thar diverse communitics
will remain more stable than less diverse ones (Goodman, 1975), These data
add support 1o the observations presenced by Coodman (1973) that ©' Clearly,
the belief that more diverse communitics are more stable 15 without support.””

Considerable additional data on fecundity, immigration. emigration, and
matality rates are required For a better understanding of the population dynam-
ws o the ebhgare cavernicale, OL 5 fnermis,
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RESUME
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APPENDIX

Various tageing techniques have been developed that allow far recognition ol
individual cravfishes and lobsters, Langlois (1937 was first 10 employ a tag-
ging device, utilizing a metal square fastened 10 @ wire which was inserted be-
tween the abdominal segments, Penn (1943) used small celluloid dises bul
Found this method o be unsansfaclory i studyng Procaerbeens olarki (G-
rard). Goellner (1943), Momaot (1966}, Merkle (19677, and Hazlet o al, (1974)
clipped appendages, and Appeloy (1909), Arwidsson (1914, and Svardson
{1948) cmploved a similar method of extirpation. George (1937, 1958), in study-
ing the West Australian marine spiny lohster Panwfaras fonpipes (Milne Bd-
wards), punched distinctively shaped holes inthe telson and wrapods. Rounsc-
fell and Everhart (1953) marked lobsters by attaching 1ags 1o hand encircling
the carapace or extending fram the rostrum o the elson. Slack (1953), Black
(1963) Moberly and Pfrimmer (1967), Cooper and Cooper (1971, 1976} and
Hoblbs (1977 usad Bates Numbering machine Ink o inject a delinite mark
between the cuticle and muscle. Prins (1968) wsed black Boberts ink in study-
ing Oreonecies resticus (Gitard) and Camibrns (£ renefrosis Hav in Ken-
tucky. Merkle (1969 inserted a piece of Co®® alloy wire imto the ventral ahdo-
minal muscle and used Goellner™s method (1943) for marking individoals, Ca-
mouzis and Hichar (1939, Jeela (1965, 1966), and Cooper and Cooper {147 1)
painted finzernail polish on the exoskeleton as a marking method, Abrahams.
son {1965} marked Asfoons asfocis Linné by local camerization on the cirapace,
Scarrett [1970) experimented with mechoanical 1ags consishing of i Filament
and label, All of the above methads, except thase of Slack (1955) and “his [ol-
Towers" and Abrahamesson (1963} are disadvantageous for ome or more rei-
sens. Some marks are temporary because of rapid regeneration of appendages
and mutilaticen, as by clipping appendages could affec) behavior, Also, me-
chanical tags either interfore with noemal activity, 1he molling process, or are
last with rhe expviac,
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