Teet- §, Sprefecl, 701975), pp. 273-302.

Distribution of Indiana Cavernicolous Crayfishes
and their Ecto-Commensal Ostracods
by

H.H. HOBES 11*

The firsl report of crayfishes inhabiting Indiana caves appeared in The Indianapolis
Journal in 1871 when Cope listed Astecus peflucidus (= Ovocotectes inermis
inermiy Cope, 1872) rrom Wyandotte Cave, Crawford County. The description of
the cave however indicates that this was not Wyandatte Cave but was in all proba-
bility Sibert’s Well Cave. a small cave Jocated approximately 300 meters 3% of the
entrance 1o Wyandorte Coave. Ostracods were oot known from caves until (93]
when Kliv deseribed an entocytherid, Farocvificre donaldeonensis (= Donnafdson-
cvthere domnaldsancnsis), from Donaldson’s Cave, Lawrence County. Althouph he
made no reference to this ostracod being associated with o cravfish host, it s
probable that an ecto-commensal-host relationship existed with the crayfishes Cam
bk | Frebicambarus) loevis Faxon, 1914 and Oveoncetes ermis inermis, Thus,
errer and incomplete sampling seeqn 1o have playved a hand in the begsinmings of our
knowledge of these two proups of spelean crustaceans in Indiana,

Ivestigators of the late 1800 and the eardy years of the 20th century visited
nunerons caves within the State, compiling lists of cavernicolous vrganisms { Hobbs
Il and Kranty, in preparation). These important studies added greatly to our koowl-
edge of not only what kinds of creatures inhabit the stygian corriders but also
pravided ohservations concerning their behavior, habits, physical and physiological
adaptations to the cnvironment and theories of the evolution of troglobites.

Becent clforts to obtain a better understanding of the distribution of cave
crayfishes and Lheir ecto-commensals began in September 1969, This work has
continued to Lhe present with trips to over 100 caves io the southern part of the
Stare and also includes extensive population studics in two caves (fg. Ly Mayfield’s
Cave, Monroe County [Chcownectes fnernily tesiif (Hay, 18917] and Tless Cave,
Lawrence County {(Chroonectes inermuy incrmiv). Results of investipations in these
two caves will be reported inoa subsequent paper. Frooo this work and from pre-
cxisting efforts (see Hobhs and Bare, 1972) a better understanding is attained of the
species camposition of craviishes and ostracods and their distribution in Indiana
CAVES,

* Departient of Biolagy, Chostepher Mewport Callege of the College of Wiltiam and Muary,
PO Box 6070, Newport Mews, Virmmia 23606, Present address: Department af Riology,
Geeorge Mason University, Vairfax, Virginia 22030, U5 A
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METHODS AND MATERTALS

Cave slreams were carefully searched for arganisms. Often crayiishes and other
crustaceans were abgerved in pools along the streanmy’ length, Cammanly, however,
tedions examination of rocks, leaf litter or other matenals which could be used for
cower was cequured.

Craylishes, as collected, were individoally placed in plastic bags containing 4
small amount of cave-stream water, Immediately after removal from the cave, cach
specimen was placed o a separate jar containing o 3% formalin-70% ethyl aleohol
solution {25-75% respectively ). This procedure allowed far precise determinations
of host-commensal associations, The crayfishes were then removed and thoroughly
washed to detach any symbionts, passing the wash water through two sieves (nos.
20, 1400, Then the solution in which they were killed was poured through the same
sicves. The jars were rinsed and the rinse water likewise passed through the sieves
which woere then rinsed, and the debrs teapped in the larper meshed sieve, dis-
carded. Sediments from the smaller sieve were transferred o a small Stender dish,
fram which the ostracods were removed with forceps and the aid of a stereomicro-
scape. The ostracods were dehydrated in two rinses of glaciul acetic acid and
cleared with methyl salieylate, Using “Permounti™ as the mounting medinm, they
wire trunsforced 1o wicroscope slides. The smimals were examined and identifica-
tionn was made with the aid of & compound micrascope.

CAVES OF TNDIANA

Two distinet karst arcas cecur i the Sate of [ndiana {{ig. 13 The smaller lies io the
southeastern part ol the State and occupies pacts of Clark, Decatur, Jeffersun,
Jennings and Ripley Countics, where at least 80 caves are known to be present in
these upper Silurian and lewer Devonian limestone deposits.

The Jurger and more notable cave region lies in the south-central portion of the
State between Putnam Coonty and the Ghio River. More than 1300 caves huve been
discoversd in this Mississippian Jimestone belt. Within the streams in them, cray-
fishes constitute 2 more conspicuous element of the fauna thano in the subterrancan
walers of the eastern karst zone,

Muny of the caves wvisited during this study were traversed by streumis), which
coursed through the lower levels, Mot all of the caves with streams, however,
harbored cravfishes. and o some nstances no living aquatic animals were observed.

THE CRAYFISHES

Lrofution: Hobbs (1967, 1969 and Hohby and Barr {1972) have postulated that
the extant cruyfishes of Norlll Americs east of the Continental Divide {excepr for
vne member of the genus Peoifosivons Bott, 19500 whicl occurs in the headwaters
ef the Missoun River) were probably decived from a Procassbaeres-like ancestor,
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KILOMETERS
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Fig. 1. Map of svathern Indisna showing twa major karst areas (Jacger — Mississippl Lmestone;
sertbler — Silurian and Devonian lmestones — this castern lmestone unit continues 1o
the morth bot no ocaves are known nosth of thar shown on map, Numbers | and 2
indicate the locations of May Deld’s aml Pless Caves, respectively (modified from Pawell
Lol

which iz believed to have occupied the coastal region of Alabama and Georgia. It
then moved northward to the Comberland Plateaw, where, in the mid-Tertiary,
ancestars of two majur stocks of the subfamily Cambarinae probably became differ
entiated, [o this region, much of the primary divergence between the twa genera
idreonectes Cope, 1872 and Cambarus Erichson, 1846 occurred, with stocks radia-
ting from the center. Oveeveeeder dispersed principally 1o the north and west and
Camburus to the east and south (with several stocks moving westward), 1 was
postulated that some of the stream dwelling ancestors of frcorectes in the karst
region moved into spelean habitats long age (Ebedly 1960, and Hobbs 1948), The
troglobitic Oreancetes do nol appear 1o be closely related to any extant surface
form. Either the epigean stock from which they originated has become further

=l
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diversified, departing considerably from the ancestral type, or the cove forms have
evolved from an epigean ancestral stock that is no longer extant. The latter possibil-
ity Is favored by Hobbs and Barr (19723 Since cave populations are often as
isilated from cach other as they are from the surface cray{ish, one mighl anticipate
that the crayfishes of the different cave systems would differ at Jease as significant]ly
as do the various surface populations, Oo the contrary, however, there 15 great
similarity among the different cave populations. Bather than being produocts of
convergent cvolution, the crayfishes demonstrate a channelizing effect of the
spelean environment together with the retention of certain primitive characlers
tHobbs and Barr 1972).

Chre Cravfishes of Nortiv Aerica: Currently, Lhere are 287 recognized species and
subspecies of crayfishes representing 9 geners (Cambaridaeh within North and
Middle America (Hahbs 1974a, b) Only 24 of these are classified as troplobites,
inhabiting the streams of numerous caves located in nine of the United States,
Mexico and Cuba. The taxonomic outline presented below indicutes the known
troglabitic crayfishes, their distribution and relationships (nodified from Hobbs
and Barr 19720

Camridae — Morthern Hemisphere

Cambarinas — Morth America east of 1he Rocky Mountains

Creharey Erichizon, 1846 — United States cast of the Hoecky Mountains (Midwest and South
sl h
¢ fAviticambunis) haewdaiey (Cope, 1881 - Alabarna and Tenmessee

o rAvencambaras) fanesd Habbs and Bare, 1960 - Alabama

O fEreliegmbane hubeicntd Habbs, 1932 - Musoun

O (fugreanebaris) crrprodvics Holilbs, L9410 - Flonda and Georgia

O ffugicambariesy serosis Fisaon, 1889 — Missouri

0 fugioamibanegy tarigrs Hobbs and Cooper, 1972 — Obklahoma

C (Augicam bares) zophonastes Habbs and Bedinger, 1964 -~ Arkinsy

Chreopectes Cope, L8372 — United Stotes east ol the Rocky Mowntsins (Midwest and Soatbeast)

L pesreolis australic (Rhoades, 1941) - Alsbama and Tennessee
3 aeseradie pockardi (R hoades, 19445 - Kentucky

O dnromping Holbs and Barr, 1971 - Tennesse

£ inermrs rreenris Cope, FET2 - [ndiana and Kentocky

OF reerreis dosedr (1ay, 18%1) < Indiana

23 poflaeidus (Tellkampl, T844) - Rentocky and Tennesses

Procamhars Ortonan, 1905 = Mexwa, Cuba and 1he seutheasoeen nited States

£ fdasrracambgees) aiveas Haobls and Villalobos, 1964 - Cuoba
PojAuserovambaras) rodriguezi Hobbs, 1943 — Verorws, Mexica
£ dbeconricanehanes) aalferd Tlobhs, 19710 - Uleda

P fLarnbongius) acheransis (Lonnbaers, TEYS) - Vonda

I idrgmanniows) korst) Hobbs and Means, 1972 - Flirida

P (Chremannrcws) Weifugus fecifgnes (Hobbs, 19400 - Flonida

B (rtemanenices) fucefiegues alachue (Hobbs, 19400 - Flonda

£ fChtmanmicus) oreinus Hobbs and Means, 1972 — Flenda

PO rmaitdeus) pallidos (Hobls, 19400 — Flonida

R emottcembars) pecki Hobbs, 967 — Alabama
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Troglocambares Hobhs, 1942 - Peninsular Flomda
T migefarted Holbbs, 1942 - Florida

indiana Cave Cruvfishes: The troglobitic species of the genus Oreonecter are found
within caves of northeastern Alabama, central Tennessee and Kentucky, and south-
central Indiana (see fig. 2 for geographic distribution). Two subspecies of (reorec-
tes incrmis including intergrade populations, are found within the cave systems of
northern Kentucky and southern Indiana. The nominal subspecies inhabits caves in
the southern part of the range, Qreonectes inermis testil, the northernmoest part of
the range in Monroe County, and intergrading populations occur between the ex-
tremes. €} @ restii has been observed in 18 caves from Monroe County (fig, 3). Two

it

Elicp

-

.

Fig- 2 Geographic distribution of the subterransan specics of the crayfish genus Chrcone ey
imodified from Hobbs and Bace, 13720, 06 — Orcodectes nermiv tnermis Ot - £
conecter imerms testll Dp — Orecrecior potluciduy Daa — Crcorectes austrotis sustralis
Oap — Crconectes australis packardi (N — Crcorecres ineormps
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T 3. Distnbution map of Crcorecres Mermi aaeems (cincles) and Secoreeter rormis festii
(trianglesi i sogtheon Indime caves ocation Tor Down's Cave in lawrenee County %
unknusink.

locality records appear in the lilerature that pechaps shonld be verified: Porter's
Cave Dwen County {Cox, [973) and Ray’s Cave, Greene County (Moore, 1967)
The suther has visited boll caves on several occasions and was unable o find
craylish of this species. However, his failure to locate these crayfish doey oot
dictate that these repocts are incorrect, only that the caves need [urther examina-
Liwn in order to determine whether or not this crayfish sl frequents them. Fifty-
six caves [tom eight counties support populations of €. 4 jrereds (fig, 37
Mumerous studies of the troglobitic Oreopectes “complex™ have contributed to
the knowledge of these crayfishes (see LHobbs and Barr 1972 for discussion); however,
many facets of their biology are still completely unknown or inadequately under-
stund. Considerably less in known about the teaplophilic associate C. (£} luevis,
which is found in the streams of epigean and cavernous habitats o southern Indiana
and Chio. Adchough origioally desceribed from an epigean environment, several in-
vestigators lave poted its oecoarrence in caves {Fay 18946: Banta 1907; Eberly 1960,



THOTANA CRAYFISHES AND COMMENSAL O5TRACODS 279

Hobbs 1969, and Hobbs 1974b). Apparently g stenothermal species, iU ocours in
both subterranean and spring-fed surface streams having temperatures not exceed-
ing 207 C_ Tt has the larzest range of any of the cave-dwelling erayfishes in the State,
vting known ftom the streams of 58 caves in 10 counties ({ig. 4). This species is
more Cubiquitous” than € feernnis in that substrate types do not sppear to limit its
peeurrence andfor abundance within or among caves. In contrast, (& freermns 15 not
likely to be found in streams with bedrock or compact gravel bottoms but is usually
observed in deeper. more slowly moving water, with mud or silt substrates. Both
species are commonly found near debris clusters (often the debris is concentrated
into “mats™ which may be trapped under flal rocks or situated on the silt substrate
of pools characterized by slowly moving water) or in areas where organic matter
may accumulate following spates (i.e.. eddies at the junction of the twa streams).

A third species, Orconectes imemeis (Hageo, 1870), is only an occasional inhahi-
tant of caves. Typically, it is an inhabitant of lenitic or sluggish lotic epigean

! ? .":f':; k] e ! J'J,:'r .!

Ve 1 o
o - | 2

Fig. d. Dustribntion map of Camborys (Erebicembarus) Toeris m osouthern [ndiana caves (loca-
tion for Down's Cave in LawTence County is unknownl,
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environments (see Tack 1941 and Hobbs and Marchand 1943). This species, like O
dgeviy, is pigmented and posscsses fully developed eyes. @ fevnenis has been ob-
served only in Blue Spring and Pless Caves, where it is probably an “accidental”
{although it may prove to be a trogloxene) in both localitics, A sinkhole pond
overlies a section of the south passages of Pless Cave and apparently feeds a small
tributary into it. Possibly € fmemuedy enters the cave system at the source of this
tributary,

fheonectes sloani! (Bundy, 1876) is found commanly in surface streams in
southern Indiana and southwestern (hio. A single specimen was collected within
Pless Cave oear the entrance, the only recard of the occurrence af this species in a
spelean habitat.

A fifth species, O, propinguus (Girard, 1852), which has not heen reported from
caves previously, has been observed im Pless Cave. Tt is also present in the surface
effluent waters exiting the ¢ave, The highesl density -- twenty-seven individuoals -
was chserved within 160 m of the entrance, and very few individuals were poted in
the farther recesses of the cave.

Most literature concerning cave crayfishes has dealt with taxonomic problems
and the distribution and evolution of the various species. A5 early as 1877, how.
ever, Putnam published an article concerning the habits and replacements of Tost
appendages of Cwerbarms pelluciduy (= Creonecter pelfucidus) and Banta (1907}, in
his classical study of the fauna of Mayfield’s Cave, descnibed in detail his observa-
tions of the activity of both Cambarus pellucidies (= O 1 testii) and O Barronni | =
O {E) Laewis] found within that cave. Emphasis an the classilication of these
arganisms continued, but some individuals alse began to investigate aspects of the
biology af the cavernicoles, For additional information concerning previous woik,
refer to Hobbs and Barr 1972,

THE OSTRACODS

Marshall (1903}, in describing the fiest known entocytherid ostracod, erronepusly
called them parasites and haemophages. Since that time, several other workers have
concerned themselves with the taxonomy and ecology of these animals. Tn 1962,
Hart revised the family Entocytheridae Hoff, 1942, and Hart and Hart (1974)
presented a monograph of the family. Currently, five subfamilies are recognized:
Entocvtherinae (Hofl, 1942 - North America), Sphaeromicolinas (Hart, 1962 -
Morth America and Europe), Notocytherinae {Hart and Hart, 1967 - Australia,
Tasmania, New Zealand and New Guinea), Microsyssitrinae {Hart, Nair and Hart,
1987 -- Asia) and the Hartiellinge (Dunielopal, 1971 - Ttaly and France). Al know
species of these subfamilies are found in a commensal association with other
crustaceans: Entocytherinag - freshwater crabs, crayfishes, Sphasromicolinae -
freshwater (sopods, maring amphipods; Notocytherinag - crayfishes, freshwater iso-
pods; Microsyssitrinae - wood-boring marine isopods; Hartiellinae - marine amphi-
pods.
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Fvolurion: The evolotionary history of entoeytherid ostracods is not so well esta-
blished as that of the crayfishes, Hart and Hart (1969) postulated that the koown
freshwater entocytherids in Australia, North America and Europa represent at least
three separate invasions from the sea. The representatives in New Zealand and New
Guinea also probably represent separate invasions, The ostracods were at the mercy
af their hosts and were carried along rhe dispersal paths of the latter.

Cave Ewtocytherid Ostrqeods of North America: All Entocytherinae are ecto-
commensal on freshwater crayfishes except a single species found on freshwater
crabs of the family Pseudothelphusidae i Mexico {Hobbs and Villslobos 1958 and
Hobbs 1971a). There are now F46 recognized specics representing 20 genera of
entocyibierines within North America, OF these, only 19 species have been abserved
in association with crayfishes inhabiting caves. Too little is known about the rela-
tionship of the astracods with their bosts (and in some instances even too little is
known concerning the host) to determine aceurately if the species is a troplobite, a
troplophile, s trogloxene or an “accidental”. The taxonomic outling presented
below indicates the ostravod species reported from caves and their distributian.
Enrocyrherifae Holt, 1942 — North America, Europe, Australia, Tusmania, New Zealand, New
Cininea, Asia.

Enturythernnae Hodl, 1942 — Morth Amcrica

Ankplocythers Hart, 1962 — United States east of Rocky Mowntains, Maxice, Cubi

Aosinose [Risga, 1942 — Mexico,

A teifeerar Hobbs, 197 1a - Mexico

Daefplocythers Hart, 1962 — United Stares east of Rocky Mountaing {Midwest and Mideist)
O arenges (Harl and Hobbs, 1961 — Alabami,

1y, griongfo (Hart and Hobbs, 1961 - Kentucky

Dy greeverf (Tart nd Tebbs, 1961 — Alahama, Tennessee,

far swsavewe Hobkbs 11, 1971 — Indiana, Kentucky.
Dy uwngulres (Hart and Hobbs, L9601} - Tennessoe

Donagldvoneythere Bioga, 1942 — United States cast of Rocky Moeantains (didwest, Soatheast,
Martheast)

D dormealdsononsis (Klie, 1931 - Indiana,
D tuberera (Hart and Hobhs, 1961 — Tennesses

Phrvmoe pehere Hobbs and Harr, 1966 — United States cast of Bocky Mountuns § Easy

P st Blobbs and Hart, 1966 — Virginda end West Virginia

Fntocytfhere Marshall, 1903 — United Stales ast of Rocky Mountins (Morth-central, Souoth,
Southeast), Mexiea

E. o clayronhoffT Buoja, 1942 - Mexicno,

E. reddelti Hobbs and Waltan, 1968 - Texas

Bagdrrocyrhers Harl, 1962 - United States east of Rocky Moeuntaing (Midwest, Southeast)
d baref (Hart and Hohbs, 19617 - Alabama, Tennessee, Kenlucky, Indiana,
5 aryeia Hart and Hart, 1966 - Kentucky
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Lacinocyehere Hart, 1962 — United Srates

L. gmibaphors {Walton and Hobls, 1259 - Plocida,
Lo, Jwcd oo (Walton and Hobbs, 1959 - Florids,

Lin. phedeters (Hart and Hobbs, 1961 - Missour,

Ll warrenr U Lobbs and Walton, 1968 — Cenrgia,

i xanig (Hart and Hobbs, 0961 - Messown, Lndiana

Cstracodds Associated with indiona Cave Cravfisiies: Table 1 lists the Tour species of
entocythend ostracods koowo to ocour i southern Indiana caves, their hosts,
entocytherid associates, and names of caves and caunties from which collections
were made, All except two collections { Thomas Crews Cave, Clark County, and ano
unnamed cave o Jennings County, both in Silurian limestone) were from caves
cevelaped in the Mississippian limestones, Sagfriocyelers barri was found in 22
caves inseven counties (fig. 3)and is hosted by €0 L dweriis, O £ teserd, and € 7£]

Fig. 5 Distribution map of Ssaivocprhere e {closed ciccles) and Doaralsons yhere dannald-
sorreasit (open cireles) in southern Indiana caves. Closed triangles represent caves from
which bl species wers collected
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fgevis. Donnaldsesreytiere dowildsonenyis was collected from 27 caves in el
counties 4fig. 37 and was associated with € & ey, OO L teserd and O FF ) daevis.
Lieivorythere xeerte 18 koown to oceur in 22 caves in seven counties (Tig, 63 and
has been found in association with 0L L eersedy, 0 0 tesoif and O &) daeviy, These
same three species of cravfishes plus £ fmmnons were hosts 1o Dacovloovihere
spsaiae in 22 caves in six counties (Hg. &)

Few observations have been reported on the ecology of these animals, As men-
tioned previously, Marshall (1903) erronecusly described them as parasites and
haemaphages. Hobhs, Holt and Walton (1967 stated that the animals apparently
feed on simall particles ol detritus encrusting the exoskeleton of the host. They
gppedr to be limited 1o those anslomical regions of the cray fish where there are selae
tir which they cling or grooves in which they can obtain support. The crayfish
apparently gains benefit from the association ondy in having its own “house clean-
er”, Hahbs [ (1968, 1969 discussed host specificity in eolocylherines and its

Fig. 6. Distribotion map of Drcmocythere xario (plosed trigngles) and Deerelfocvifore msanse
(open cmcles) in sonthern [ndiana caves, Clesed circles are localities Trom which bath
spocics word collected,



284

HLLL HOBRS 1T

Table 1. List of caves visited during study or caves from which crayfishes and

ostracods are reporied. Caves supporting populations of crayfishes and
oscracods sre so indicated: + = crayfish species present based on author's
observations or confirmation; * = craylish species reported bul ot
confirmed by author; 0 = ostracods associated with . § jnermis; T =
ostracods associated with . @ resgid o P = ostracods associated with @ p
propirguis . M= ostraceds associated with O immunis, X = ostracods
gssociated with O fzewir. No ostracods were found o exhibit the few
species of O, sieennd so this species is omitted [Tom the Table. The column
headed **Crayfishes” represents reports from the literature whers no
precise species determinations were made,

CRAYFISHES O3TRACODS
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CAVES

CLARK €0,

Thomas Crew’™s *

CRAWFGRD CO.

Archibald +

B-B Hole * "

Carter Byrnes &

Christmas Pit *

Everton +

Marengo +

Sibert’s Well + n*

Wildeat +

Wyandotte +

DECATUR C0O.

Decatur
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CRAYFISHES OSTRACODS

Creonecres inermis
{nermis
Creanectes inermis
tes
reanectes inmunis
flregrectes propinguis
Cambares (E.] lnevis
ucm}r ﬁﬁh a1
Sagitteeythere baret
Donnldioncy there
danngldsoneniis
Uneinocythare xania
Dactplocyifiere
HSarae

Ox XOoP XM

+
+
+
2

FPlezs +
Pless Cave Annex
Popuom &p. + + 0 X x X
Past
Fainey
Ray Sp. +
Kack Lick
Shiloh + +
Sicbolt Quarry
Pit
Storm's Pit
Sullivan + i
Sweet Potato
Telephone Pit
Valley
Cathedral
Wagoner + + 0Q 4] o
MARTIN ('O,
Chapman Rizer *
Garbage Durmp Pit
MONROE CO.
Abbott Pit
Abbott Fit 11 # X
Anderson Fit *
Bauer's +
Bone
Brinepar’s * *
Broken Axe
Buclkner's 1 + T be X be

+
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Duncan’s Pit
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Eller’s
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Green Eye Il Pit
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Hymen Hole
Matlock's
Mayfield’s
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Oliver Pit
Oliver Sp.
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Parrott Sp.
Queen Blair
Ranard School
Reeve's
Heeve's School
Rice
Richwine
Salamander
Saltpeter

Creonectes (Rermis

+ + =
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Crconectes inermis
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relationship to ecolegical requireinents, Waltan and Hobbs (1971) studied the mi-
crohabitats of cerlain species on their crayfish hosts. Young (19717 presented the
results of an ecological study conducted on Awkvlocythere siniosa, commensal on
FProcamberus { Cirardielia) simplans sivmedas (Faxon, 18847,

Cave-dwelling 2nrocytherines have received no attention beyond the recognition
ol species and their ranges. The first description of & spelean entocytherine was that
of Klie {19313, previously meotioned. Subsequently, Hart and Hobbs (1961) de-
scribed Ewtocythers barri from Cave Springs Cave, Alabama. In Hart's revision of
the family (1962}, this species was placed in the genus Sagittocythere. Later, Hart
and Hobbs (1961), Hart and Harr {1966), Hobbs and Hart (1968), Hobbs and
Walton {1968) and Hobbs [ (1971) described ostracods associaled with cave-
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dwelling crayfishes. The only cootributions not primarily taxonomic, 2oogeo-
graphic, morphologic or developmental are those of Hobbs, Holt and Walton
{1967}, Baker { 1969), Young {1971) and Waltan and Hobbs {1971). None of these
studies treats cave-dwelling organisms,

Tahle 1 sumarizes data obtained from this study, Caves visited but from which
no crayfishes or ostracods were observed are also included. Localitics and species
marked with an asterisk indicate that a particular species of cravfish was reporied
from the caves indicated. Many of these reports wore made by spelunkers having
little or no biospeleological training, and others taken from the literature are based
on collections no longer available Tor verification,

Tubes 2 — 4 present data of crayfishes and ostracods from caves within the State
{biunguis female = female in peonultimate moll stage; triunguis female - female in
final malt stage).

DISCLUSSION

From the data presented it becomes evident that considerable [eld work is required
befare o full understanding of distribulion and host-commensal relationships is
attained, Of the five species of crayfishes known from Indiana caves, Cambarus
{ Erebicantharuss) laeedy appears to have the broadest geopraphic distribution, Sur-
face populations af this species occur sympatrically (synlopically” ), thus enubling
widespread distribution and penetic excluange of epipean and hypogean populations,
The troglabitic cray{ish populations of Orconecies imermis are predominately inters
pradiog populstions of the two geopraphic races, &0 fnernpis inermds and €, Deeran
festii. The extreme marphological variations exhibited by these troplabitic popula-
tions within the State indicate a continuows exchange of genes within the “gene
pool” of the species. Perhaps surprisingly, (hds dicrates population intersctions
across (beneath) the Ohio River into Kentucky. Thus, even though surface popula-
tions of craytishes or other forms may be geographically isolated, this gives creden-
ce Lo the theory that deep lying aquifers exist as pathways for dispersal of the
subterranean fauna.

Verbal reports of “blind crayfishes” from the castorn karsl area vccasionally are
received, however these huve not been substaotiated. This is an area which has
received little work and until the faunas of mare caves are carefully surveyed, ane
can. only speculate that since this limestone unit is nar contiguous with "troplabitic
cravfish-bearing” areas, albinistic members of the genus Dreonecfes would oot be
expected to be present.

The three remaining species of crayfishes (O dneaunis, O progiegnes and ©8
steowrnit) ave rarely observed in caves and thos are elassilied as trogloxenic or acciden-
tal cave forms. Since they scem lo be restricted o parts of the streams near
entranees, they probably have little effect upon cave ecosystems except in these
areds.

Observing Table 1, certain relationships between hosts and comimensals can he
interpreted. Mincly-six percent of the populations of Sagirrocvafiere barrf examined
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wis found to infest troglobitic erayfishes (O, L fnernris and €2, 1L restid} in 22 of the
caves sampled, indicating 1 high degree of preference for thest hosts. Only u single
specimen ol €. (£) laevis from Blue Spring Cave { Lawrence Couniy) harbored &.
Burri. These observations suggest that this ostracod has been associated with the
troglobitic crayfishes for u hong period ol time, and that adaplations to the spelean
mode of existence could well have progressed in the host and commensal concur-
cently. In Alabama, Kentucky and Tennessec, 5 barrt is associated with thres
addirianal troglobitic species, O qustralis, Q. icormpins and £ pelfucidus as well as
with the truglophile €2 (£} tenebrosus Hay, 1902, Thus if Hobbs and Barr (1972)
are cotrect in their hypothesis of the independent allopalric origin of the four
troglobitic erayfishes, one must conclude one of two possibilitics. Either the pstra-
cod infesting these cravfishes {except for loss of eycs) has remained wirtually un-
changed since their lwosts introduced them 1o a spelean existence or that it became
Jifferentiuted on wne of the four troglobites and was transporicd from one cave
syster to another either on the troglobites ar un the two troglophilic cray fishes,

Dannaldsonevithere donnaldsonensis was associated with C (E. Maevis in TT5 ol
the crayfish populativns examined, again indicating a host preference by ostracods.
Using these data, one may postulate something about host interactions. The troglo-
bitic crayfishes ate mere aculely aware of chemival and physical changes that cccur
in the water. If an individual of € (£ ) faerds were to die, this would be a ready
food source Tor any cavernicole. The more highly adapled forms would be first to
locate the cruyfish and begin to feed. The ostracods, in all probability would
not die with the dead host, and thus as the troglabitic crayfish fed on the dead
animal, ostracods would come in contact with its gnathal appendages. and thus
would infest the [eeding animal. Not only is the troglobitic Greonecter very sen-
sitive (o food but also is highly aware of the presence of other living crayfishes.
Hence the spindly cave form avoids contacts with the more robust Cambaries and is
not likely often preved upon by the latter. Thus, its more acute senscs allaw
Chconeetes inermis not only lo avoid contacts and be eaten (thus translerring
nstracods to another host) but also enables it to find food more readily (becoming
infested by these vstracods living on the crayfish upon which it feeds). Such paossi-
bilitics are consistent with the observations that in the Tndiana caves few 5. barri are
found except on Oreonectes nermis and they also offer an explanation as to why
specimens of [, donnaldsonensis are found on the troglobilic crayfishes in 5o
many af the cave samples {23% ).

In this survey, Uncinacythere xamia infested anly C (£} laevis, oceurring in 0%
of the populations of this host examined; and 2% of the infestations af Dactvlo
evthere susanae were testricted to this troglophilic crayfish. These figures sugpeest a
near-host-specitic relationship between these symbionts and C (£ ) faevis,

To substantiate these conclusions, Tahles 2 — 4 allow for a mare precise eyalua-
tion of duta, OF the 1674 individual nstracods recovered (slides copfaining speci-
mens from Donnaldson’s and Cristmore Spring Caves were damaged and thus dats
are ol included in Tables 2 — 43 from cave ceayfishes throughout southern n-
diana, 670 specimens of 8. barri (40%) were found associated witl € @ mernns and
€ i tesei and only T(0,49) with ¢ (£ ) leevis. Tables 2 — 3 show that 91, 87 and
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0.8% of the ostracods on (L & fernnis, € § testil and C (£} laevis, respectively, are
& barri, These datafurther support the idea that this ostracod ispradominantly restric.
ted to the troglobitic crayfishes €L inermriy and €4 fesrld (and intergrades) in
Indiuna, Sapittocythere barri has probably been associated with the troglo-
bitic species of Cveonceses since their initial advent into caves. Like their erayfish
hasts, they lack eyes. This species is relatively rare an ather craytishes and when
present, the populations are small.

& barri has never been recoverad from any pipmented craytish in Indiana ather
than C (R faevix,

OF the 214 Domealdsonceythere dotmaldsonensis (12,7% of all the ostracods)
recovered from C (F ) faevis, O 4 inermdy and O G festit, only 23 (10,7% ) infested
fF & fnerrnis and 5(2.4%) O, ¢ testri. This distribotion demenstrates a definite
host-preference of D donsaldsanensis for O (F | loeviy (BR%).

Incinocythere xonin was associated with &, L fmersis, 30 L festil and € (£
faexis, OF the |14 specimens recovered (6,9% of the toral number) 13, 2, and 97,
respectively, came from these species, showing a strong preference for & (F. ) feevis.
In surface waler Lhis species is comunonly associated with O (£ faevis and &
propingrus. The surface streams from which the crayfishes were collected had
predominately gravel or bedrock substrates with relatively steep gradients and were
fed by spongs. It is believed that the distribution of L e, although certainly
controlled by that of is hosts [3, prepigues and C (£ ) feeris in surface waters
and the latter within subterranean streams|, is also lmaited, at least to some extent,
by ecological specificity {cool, aerated slreams),

For Ductyioceitfens susanae, 123, 1 and 3 specimens, respectively, were racover-
ed from C (£ ) faevrs, €0 © fnermds and €6 7 fesil, In addition, 12 specimens were
obtained from O fvrrnis from Pless Cave. Approximately 95% of the specimens
nbtained from caves were recovered from € (E) laevry, indicating another near-
specific relationship there between ostracod and crayfish heost. To Todiana, this
sprcies also infests O (£ ) laevis in surface streams.

Juvenile ostracods occurring in the subterrancan waters of Indiana cannot be
identified to species ar even to genus, except those of 5 bgred in which eves, if
present, tack pigment. When the adults of only one species infests a host, presum-
ably the juveniles occurring on il are members of this species, but when more than
one species 15 present, the juveniles of only 8. berrd can be recognized. Thus, 513
juvenile specimens (31% of those examined ) associated with C (£} dgevis could nat
be identified. This increases the difficulty of detecting any specific or dominant
ostracod-host relationship (Tables 2-4),

The mesn numbers of ostracods found in association with individual adule cray-
fishes (calculated from Tables 2 — 4} dermonstrate that £ 75 ) fueviz 15 the most
heavily infested af the cave crayfishes, 26,46 1 3.70 (95% confidence limils) ostra-
cods per individual ceayfish. €6 L deermis supports a mean number of 1578 (%
3.50) and ¢} L fesrid 20015 (F 13.38). Qcecasional individuals were examined that
hasted no ostracods. In all instances thy were either very small {less than 15 mm
carapace length) or had recently malted.

© Walton and Hobbs (1971) reporled much larger populations of cotocytherids
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associated with epigean cravfishes [as large as 1194175 individuals per female
Cimbwrus { Canpbarns) bartont bertonii (Fabricus, 1798)] The differences in ostra-
coil population densities between surfuce and cave crayfishes may be species-
specific in pature, or due 1o host size differences {surface crayiishes generally
larger), may be a resull of environmental pressures. or may be due to some un-
known intrinsic agentis}. Considerable research is required befare an understanding
of the factors controlling entocvtherid population structure and density is attained,

SUMMARY

Six species and subspecies of crayfishes and four species of entocytherid ostracods
are known to inhabir the subterrancan streams of southern Indiana. Combarus (£ )
drevis (troglophile) appears to be the most widely distributed crayiish and oecurs in
both karst areas within the State, The traglobite, Orconectes rermis (2 subspecies),
iz restricted to the larger karst arca in solution cavities of Mississippian carbonate
rocks. The remaining crayfishes, Orconectey imununds, Creonectes propinguts and
heonectes loanil, are nol common inhabitants of cave waters and are probably
troploxenes,

All of the craylishes except &L sfowrnr were found to host at least one species of
ostracod, From data presented. Sagittocvehere barrf might be expected to be found
commuonly in association with reoneeres fugrnts. Dameldsoncy there donnaldson-
ennis, Lmoinocythere xamia and Dacrelocyiliers susange, however, are more com-
monly associated with O (F.) loewdy, indicating a near host-specific relationship
among these taxa. Whether these are hostspecific associations or ones imposed by
vertain coological parameters will require additional investigations,

Although a fair wnderstanding of the disteibution of these crustaceans in th
larger, Mississippian limestone belt has been obtained, additional field work on the
perimeter of the spelean ranges of the several species will probably prove produc-
tive, Furthermote, considerable cave explocation and biospeleological surveys are
needed in the Silurian-Devonian limestones of southeast Indisna before our knowl-
edge of these crayfishes, entocytherids and other cave-dwelling species approaches
that for the Mississippian karst of the State.

RESUME

Six cspéces er sous-espéoes d'écrevisses et quatre espéees d'Ostracodes Entocythé.
rides sont connues powr habiter les rividres souterraioes du Sud de Pindiana, Co-
mbarus (E.) faevis (troglophile) est écrevisse qui semble avoir la plus vaste réparti-
tian: on la reocontre dans les deux rogions karstiques de 1'Etat. La répartition du
troplobie Oreonectey inermis (2 sous-espéees) se limite aux grodtes creusées dans le
caleaire Mississipien de la plus grande région karstique. Les autres écrevisses, O
conectes Inmis, Cvconcctes propinguus et Oreonectes sloanli, qui ne vivent pas
dans les eaux suoterraines, sont probablement trogloxénes.
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Toutes les dorevisses, sauf &0 sfowrd, sont les hotes d'au moins ung aspéce
d*Ostracode commensal. [¥aprés les données, on pouvait s'attendre & trouver Sagit-
fovythere barrd pénéralement associé & Orconectes mermiy. Toutefms, Donnaldyon-
cythere donngldsonensis, Uncinocythere xamia et Dactpdocy there susgnae sond sou-
vent associés a O (E.) frerds, ce qui maontre une étroite relation hote-spiécifique dans
ces prowpes. I1 faudra faire des recherches supplémentaires pour déterminer si de
telles associations sont du type hote-speécifigue, ou si elles sant imposées par cer-
taing paramétres teologigues.

Bien que P'on soit arrivé 3 une bonne compréhension de la répartition de ces
crustacés dans la plus prande zone de caleaire Mississipien, un travail de terrain
supplémentaire sur les nombreuses espéces du pourtonr des régions cavernguses sera
probablement fructueux. En outre, Pexploration des grottes ot les éludes biosps.
léalogiques des calcaires du Siurien-Dévonien du Sud-Est de 1'Tndiana s’avérent
nécessaires, avant que notre connaissance de ces écrevisses, entocythénides et autres
cspéoes cavernicoles, n'atteigne celle que nous avons du karst Mississipien de cet

Etat.
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