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Branchiobdellids {Annelida: Clitellata) from Some Eastern North
American Caves, with Descriptions of New Species of the Genus
Cambarincola

by

Perry C. HOLT*

During the past decade, 1 have received branchiobdellid material from hiospelen-
logists who are in the process of invenlorying cave dwelling animals and
investigatiog their ecology and zodpengraphy. The branchiobdellids will contribute
litte, | fear, o our koowledge of the routes and times of invasioo of eastern Morth
American caves by true troglobites,

Nonetheless, there seem to he a few branchiobdellids that are restricted to caves,
mainly those known to infest troglobitic asellid isopods. Most, however, are
cOmMmon epigean species that are able to move easily back and forth from epigean
to hypogean habitats, and some of these have taken up a life on troglobitic
ctayfishes, The natorious lack of host speaificity oo the part of the branchiobdel-
lids (Condnight, 1940; Hobbs, Holt and Walton, 1967; Hole, 1968a; inter alin) and
their obviows “preadaptations™ to cave life lend credence to these opinions,

[ know only ooe relerence ta a cave dwelling branchiohdellid: the description of
Curthutrineofe affenus Holt, 1963,

Since many speleologists for whom this paper is written, may not know the
branchiobdellids and the melhods employved in a taxonomic treatment of them, a
few remarks may be in order,

The branchiobdellids compose a monotypic order of annelid worms, closely
related to the olipochaetes, the acanthodrilids and the hirudineans (Holt, 1965h0).
Their body is composed ol fifleen segments, but only the last eleven, the teunk
ones, are numbered, since the Arst four form a head (the segmentation of the head
is still debatable). There are noe setae or prastominm; the peristomium and last one
of lwo segments form anterior and pestecior suckers, The sinple spermatheca opens
midventrally on (trunk) segment V; the male efferenl spparatus by a single
midventral pore on segment VI the avipores lateroventrally on segment VI For
further anatomical details sce Moore, 1893, and Holt, 1949; 1960a; 1965a; [ 9684,
The animals are uniguely Holurctic in their distribution (conre Bishap, 1968} and
are known only as epizoites (commensals, parasites, “hitch-hikers™) on freshwater
crustaceans, principally astacid cravfishes, but they have been reported from
isopods (Huolt, 1963}, freshwater crabs (Hobbs and Villalobos, 1938; Holt, 1964,
1973a) and freshwaler shimp (Liaog, 1963}, and there is the remarkable case of
Cimbarineede vitrews Ellis, 1919, oceurring in the gill chambers of the marine crah,

* Wirginia Polvtechnic Institute and State University | Blacksharg, Virginia 24060, 1154,
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Cidfinectes sapidus Rathbun, LE9Z ) which has become acelimated to freshwater in
the buvous of Louisiana (Blackford, 1966),

The methods used in the taxooomic study of branctuobdellids have heen
daescribed scveral timas and taxonomic characters discussed (Holt, 1960, Hoffman,
1963 ; other papers by Holt), bt it may be appropriate to painl out that the material
upon which this paper is hased was collected entirely by athers, mostly in 700
ethanal, and 15 generally in 2 poor state of presuervation; indeed, some potentially
interesting specimens were so macerated that they were discanded.

With the nse of a 40X flourite oil bnmersion objective with a working distance
af 1.5 mm, 1 am able to turm over Lhe shides upon which the snimals are mounted
entire und unstained and, if necessary, study them from cither side. All drawings ars
so made Lhat the anterior of the worm and illustrated parts are directed towards the
reader’s rght. Measurements, made with an ccular micremeter, are to be considered
us approximations only and are given to the nearest 0.1 mm, which accounts [or the
tanges (presenled in parentheses after dhe wverage} and the averapes of several
measurements being the same.

The disposition of material for newly described species 15 given with the
acceounts of thase species (LUSNM indicates National Museum of Matural History of
the Smithsonian Institution); the remainder are housed at Virgings Polvitechnic
Institute and State University under my care {indicated by the initials, PCILL

A key to the branchiohdellids known Lo inhabit caves, either pecasionally or
permenantly, would be difficult to prepare and of litthe use at this Gme: too many
undescribed, but similar species are koown o inhabkil the peneral area covered in
this study . Brief diagnoses, however, of the genera and species treated herein, with
the new species fully diagnosed, described and illustrated, are presented along with
records of the caves from which they have been laken, Finally, a list of the hosts of
cave-dwelling branchiobdellids and a rable presenting 4 summary of them and their
hasts listed according to the caves they inbabit are followed by a fow remarks
concerning the zodgeographical and evolutionary significance of these records, All
material at hand, including that so poordy preserved that i is onidentitiable, is
listed, except some [rom southwest Vireginia that was discarded before il was
cataloped,

1 am indebted to a number of people. Dr. John K. Holsinger fumished me with
much material, particelarly most of that from east Tennessee, Yirginia and West
Virginia, and has helped with the collating of locality and host data. Mr, John E.
Coaper and his wife, Martha R, Cooper, have been generous in supplying material
and checking host data. Dr. Keoneth Relyes and Mr. Barry Mansell, of Tacksonville,
Florida, have supplied me with important cellections from caves in Florida, Dr,
Herton H. Hobbs (11 furnished material from Tennessee and Indiana. My calleague,
Me, Harrizon R, Steeves Ul gave me important malerial. The wentification, or
confirmation thereof, of isopod hosts was done fur mie by Dr. Luurence E. Fleming.
As always, 1 am most indebted o De, Horton 10 Hobbs, I, who has contributed
spectinens, checked host and Jocality dara and read the manuscript, although other
friends meotioned above (Martha B, Cooper, John R Hoelsinger, Thomas C, Barr,
Jr,, and Harrson [, Steeves [11) have read it Finally, [ must mention Do Hobbs,
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Ir., again: his kev (Hobhs, 1972) to the cray fishes ol North America has been used
freely, and often withouwt direct cilation, in compiling host data,

Cambanncola Ellis, 1912
Fur synonories of the zenus Cambarineola,
see Hoffman, 1963, and Halt, 1973a
fhggnasis {(from Hobbs, Helt and Walton, 19670 32)0 — “Body terete without
specialized  projections; anterior nephridin opening throogh common pore on
dorsum ol sepment [ deferent ducts entering ental end of spermiducal gland;
prostate snd cjacolatory duct both present; penis non-eversible; bursa subpyriform
to oheardale: spermatheca never bifid.”

Tvpe—species. Ceanbarinenda macrodonius Ellis, 1912, by ariginal designa-
Lo,

Remarks, — Species of the genus Cambarincols are the dominant component of
the epigean branchiobdellid favog of North Amerca. This also seems to be true of
the cave forins, The range of (he genus extends from southern Canada (the northern
limits af their astacid hosts) along both sides of the continent to Costa Rica, the
southern-mosl record for any brapchichdellid. Though the penus s belivved 10 he
advanced, the order 5 relatively old (1olt, 1969 snd it s nat surprising, in view of
these facts of distribution and phylogeoctic theones, to {ind members of the genus
Lex be the most common of cave dwelling branchiobedellids.

Cambarincola marthac new species (g, T

Typespecinens. — Holotype, USNM 49399 one paratype, PO 2767, taken on
Asellis alobamensis (StalTord, 1911) in Carter’s Cave, Juckson County, Teonesses,
by John B, and Martha B Cooper, September 21, 1968,

iagrasis, — Small, slender branchiobdellids {shout or less than 2.0 mm in
length}: body outline smoath; upper jaw slightly larger than lower. dental formula
(71 554 bursa less than 1/4 body diameler in length; spermiducal gland small, its
diameter upproximately 1/2 its length: without deferent lobes; prostate non-dif-
ferentiated , about 504 in length. 174 in diameler of spermiducal gland, with small,
clear ental bulb; spermatheca with eetal duct subequal to bulk in length, total
length subequal 1o body dipmeter, hulb elongate oval, without ental process,

Etvemology, — Tt s a pleasure to name this species in honor of Martha R, Cooper,
its codiscover and herself un autharitative student of the cambarine hosts of most
American branchiobdellids

Deseriptions.  Specimens of Caombarincols marthae are small slender branchiob.
dellids with the delicate Tacies of inhabitants of the braod pouches of isopods or the
gill chumbers of crayfish. The holotype has the Tollowing dimensions: tadal length,
shoul 1.8 mm {the animal is lixed inan S-shaped curve and its leogth is difficult to
determing ), gregfest glameter, 0.3 min; Aepd fengeh, 0.2 mm; fewd dimneter, 0.2
mny; dimmeter. sepent, 1, 02 mm; digmeter, sucker, 0.0 mm. The paratype is of
spprocmately the same dimensions.
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Fig, 1. Cambarincala marthae, new species. @, reproduclive svsterm of holotype; b, sames, laderal
aspects af jaws: o, same, outline of holatype. Abbeeviations: &, bursa; pr, prostale; gh,
spermathecal bulh; s spermathecal cotul duct; s, spermiducal gland; vd, vas deferen:,

The peristomium appears to be entire, Le, il 15 nol divided into dorsal and
ventral lips: this may he an artifact of fixation, Ao undetermmable number of orul
papillac are present in the paratype, but none can be detected, though their
presence may be assumed, in the holoty pe,

Other than s shallow peristomial suleus, thers are oo exteroal furcows that
encircle the head; internally there is one somewhat obscurs pharyngeal sulcos.

The jaws are difficult to interpret. The upper jaw is anly slightly greater in
dirmensions than the lower one (lhe ratia of their respective anteroposterior lengths
is LLf9), but is much more massive in appearance, presumably because ol a greater
thickness of its base and toath-bearing horder. The upper jaw uppears, in the
halotype, to have only three teeth, with the median one large and distinct and the
lateral ones small and indistinet; in the paratyvpe there i3 a suppestion of five teath
om il. The lower jaw, in both 1y pespecimens, bears four relatively small, but clearly
distinet und sharply pointed teeth. Parenthetically, variability in number of weth in
species with jaws that are large in proportion to the size of the teeth is known in
other species of the penus,

The spermiducal gland, as s true of the eotice male reproductive system, is
relatively  small, without deferenl lobes, and is otherwise unremarkable, The
prostale is approximately 5/6 the length and 174 the dizmeter of the spermiducal
aland, is non-differentiated {that is, it is histalogically similar to the latter} and
passesses a simall, bot clear, ental bulh,

The ejaculatory duct 15 a distinet muscular tube that 35 concordant in size with
wther componenls of the male system.

The pyriform borsa is amall, about 120 by 23 microns in lenglh and greatest
diameter respectively. Althongh the penial sheath porticon is relatively short and the
atrial fold is obsouee (possibly both features are related to the organ’s small sive),
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the bursy is in general appearance similar to those of mosl specics of the genis,

The spermatheca lies obliquely in its segment in the holotype, Ns ectal doee
curves under and Lo the side of the gut. [ extended, it and the approximately equal
in length spermathecal bulh are subequal to the diameter of sezment ¥V in toral
length. The elongated oval bulb Tacks any sugpestion of an ental process,

Varigtion, — Only the types of Conbarineols marthae are known and nothing
canl be added 1o the account of the differeoces between them that is noted ahove.
The differences are of such a nature thal they do not raise doubts as to the
cunspecificity of the types.

Afffenities, — Cawmbarincolg migrthae and the other three isopod imhabiting
troglobitic branchiobdellids helong Lo a growp of species with a non-differentiated
prostate. There are a number of such species, particularly among those of western
Morth America, but the voly ones that have been [ormally described are O aliens
Holt, 1963, eight species numed by Hoffiman (1963) and nine others from
Mesoumerica (Holt, 1973a).

1t ix not possible ar this time o determine which of these specics 15 most closely
welated to 0 marthee. But, discounting the possibility of parallel evalution, the
closest selative of € marthee perhaps should be soughl among those species with a
oon-dilTerentiated prostate, withoul dorsal ridges on lhe anteriar annoli of Lhe
trunk segments, with an ental hulb of the prostate and without an ental process of
the spermatheca. There are three such specics, two of which are Muesocamerican
{Halt, 1973a). One of the latter two, O goedentanes Holt, 1973, from Grotas de
Cintero, cleven kilomesters southwest of Ciudad Mante, Tamulipas, México, is a
cave inhahitane known only from the troglobitic isopods Speccirodoae bolivar
(Rioja, 1943) and 8. pefezi (Bolivar v Pieltain, 1950}, [t is readily distinguishable
from £ marthae by the 706 dental formula and prominent sharp teeth; by the
deferent lobes of the spermidocal gland which are sbsent in O marthae; and by the
larger proportionule size of the prostate, subequal to the spermiducal gland. The
other close Mesoamerican relative of € marthae i3 O susamae, Holt, 1973, a spevies
whose type locality s La Cucva Chica, EI Pujal, three kilometers northeast of
Walles, San Luiz Pofost, México. This species cannot be suspected of being a true
troglobite: it is konown nat anly from caves, but from sutface waters in five states in
México from the Hio Crande drainage in Nuevo Ledn to western Campeche on the
Yucatun Peninsula. Tt daflers From & wrerthae bl the much greater disparity between
upper and lower jows; its upper jaw is almost twice as large as the Jower and is
otherwise distinetive in that the teeth are borme on 2 prominently raised ridge on
the jaw; in the long reflesed spermiducal gland; and in the proportionately much
shorter prostate that 35 only 1/ the length of the spermiducal gland. Finally,
derissis HofTman, 1903, possesses those festures considersd ahove that indicale a
relalionship to C marthae. Cambarincoly demisses may be a gill inhabitant an the
host grayfish and is known only from Wise and Tazewell Counties, Virginia, and a
cave in Greenbrier County, West Virginiz. 1 dilfers from C marthoe mast nolably
in the dispraportionately much greater diameter of the posterior segments which
confery @ coneale appearance to the animals in lateral aspect! in the 3/3 or 111
dental formula; and in the remarkably small proportional size of the reprodoctive
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organs, including the spermathecs, the length of which s only about one-half the
diameter of segment ¥,

None of the three species considered above can be reparded with any certainly as
closely related to O marthae. Indeed, the great possibility of parallelism in the
arigin of many minor characters that separate members of the penus renders
plausible the contrury view that the closest relative of C mertfee should be sought
among those species without an ental bulb of the prostate.

fast, — Asclluy alabamensis.
Diserifetionr. — Known only from the type-locality.
Marerigl examined. — The lype-series.

Cambarincola steevesi, new species (Fig, 2)

Type-speciment, — Holatype, USNM 49680, two paratypes, USNM 49681 and one
paralvpe. PCH 1883, taken on Aselfus alebanensis in Glover's Cave, Todd County,
Kentucky, by R. M. Norlon, April 17, 1964; nne paratype, LENM 49632 (PCH
L8B4, taken on Asellioy alebamensis, in Brown Cave, Barren Counly, Kentucky, by
F. M. MNaorton, September 25, 1965,

fdgpnosis. — Small slender branchiobdellids (about 1.0 to 2.4 mm in length),
body outline smoath: upper jaw slightly larper than lower, dental formuls 5/4;
bursa somewhat less than 174 bady diameter in length; speaniducal gland small, its
diameter /2 ils length; prostate non-differentiated, slender, subequal too sper
miducal gland in length, 1/6 latter in diameter, without enlal bulb; spermatheca
relatively Tong, ity length often equal to hody digmeter, bulk oval to spatulate,
without entul process.

Frveredogy. — 1L s an hooor to dedicate this species to my frend and colleague,
Dir. Harrison R. Steeves 11, who gave me specimens of the fist cavenicolous
branchiohdellid from an isopod, Camibarivcedi affesus, and the material upon which
this species is based,

Deseriptiont, — Members of Cembarincola steevest are small, slender worms with
the thin body wall and delicate appearance of other branchiobdellids that infest
isopods. The helotype has the Tollowing dimensions: foad fength, 2.1 mm; greatest
digmeter 0.5 mm; hewd fength, 0.3 mm; frepd digmeter, 0.2 mm: diameter, segrent
£, 0.2 mim;y disneger, sucker, 0.2 mm. The averuge dimensions of the tvpe-series,
including the holotype, are as follows: tofal length, 1.7 mm (1.0-2.4 mun); greaiess
diamerer, U4 mm (02005 man); dead leigeh, 0.2 mom (0.2-0.5 mm); fewd dfivineter

2mm (0.2-0.3 mm ) dimnerer, seprent £, 0.2 mon (024002 mm); digemeter, suckeor,
0.2 mm {1202 mm). Other specimens Trom Trige County, Kentucky, are of
similar general dimensions.

The peristormiuen, i mrost specimens, 5 divided tnto upper aod lower lips: in
some specimens the lateral indentations of the peristomiom that divide it into lips
are undetectable. There are o ohsereable oral papillae. With the exception ol the
penatonial sulous, the head hos no external indications ol segmentation and the
one milernal pharynpeal suloos is obscure.
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Fig. 2. Comhorincals steevesi, new species. o, reproductive systems of holotvpe; b, same,

ehlique view of jaws. ¢, zame, lateral view of jaws of paratype; d, same, ootline of
haloty pe,

The jaws are always mediwm brown and obvious with the upper ane slightly the
larger and u dentul fommula of 3/4, Although perhaps proportionately small, they
are typical of those of mosl species of the penus,

The spermiducal gland s small, ubout twice or rather less, its diameter in length,
and lies laterally 1o the ental portion ol the bursa and extends domally beyond the
ventral horder of the put. The non-differentisted prostate is somewhat sharter than
the spermiducal gland, but is only /6 to 1/5 the diameter of the latter, In some
specimens, 1ts ental end appears to e composed of thickened, non-glandular cells,
but there is no distinet ental bulb, e a clear fluid filled space with a thin-walled,
non-glandular covering, Other than their disproportionately small size, character-
istic of the male ceproductive system as a whale, there is nothing of note presented
by the cjaculatory duct or buesa.

The spermathecs, provided with a long ectal duet, lacks an ental process and the
owil Lo spatulate bulb olten reachies the dorsal body wall.

Farigtion.  The jaws are less promioent io smaller (younger) specimens, but are
always colored and visible. The spermathecal bulb may vary somewhat in shape, hut
no more than that found at various degrees of maturily in other species. Thare is
never any indication, even in animals with o spatulate {preswnably incompletely
distended) spermmathecal bulb, of an ental process of the spermatheca. Though nat
apparent in the holodype and some other specimens, the ental end aof the prostate is
probably normally characterized by thickened non-glandular cells.

Affiniticy. — Amang the members of the geouws with & won-differentiated
prostate without an ental hulb, Cambarincofs sreevesi lucks the larpe size of the
prostate or the ohvious deferent lohes of all those described by Hoflman {1963},
An ental bulb of the prostete clearly sepurates O mmartfee from O steevesd which
lacks thiz feature. The physiological signilicunce ol this structure and  the
relationship hetween it and the thickenad non-glandular cells of the ental end of the
prostate are nol known and, indecd, € marthae may be the closest relative of €
sreevest (see the discussion of the affinitics ol & marthas), All the features that



226 FERRY . 1IOLT

separale . marthae from the Mesoamerican worms with which the latter is
compared apply to O steevesi except [or the prostatic ental bolb. but all are
markedly different from those of € steevesi in various ways uod need nod be
further considered here. But €0 gfferus, which infests isopods and is an apparent
troglabite, should be, The latler differs from € sfevees? in ity preatly reduced,
almest colorless, Jaws and prominent eotal process of the spermalheca, Tf, as has
been previously postulated (Holl, 1969: 193-194), the ental process of the
spermatheca is pomitive and the non-glandular ental end of the prostate of C
steeveri s a step in Lhe evolution of an ental bulh of the latter, then £ sfegvan and
O aliveus would esch have features expected in the ancestral stock that gave tise to
all three of the izopod infesting, troglobitic branchiohdellids: £ alicnus, O parthae
and 0 gfeevesi. This musl stand as sheer speculation, hot il seems reasonable Lo
suspect a relationship among these species and, in some respects {the cotal bulb of
the prostate and the absence of an ental process of the speomatheca), C narifae is
the muost specialized of the three. Although ¢ alienus is obviously specialized in the
extremne reduction of ity jaws, on balance 10 may be closer Lo a hypothesized
ancestral stock of all three species.

Host, — Asellus glabarmensiz,

Distribudion. — Cambarineols steevesd, o sddition to the type-locality, is known
frum Taylor Cave, Trigg County. Kentucky, and Brown Cave, Barren County,
Kentucky.

Material examined. — The typescries (four specimens); six specimens, TCH
1884, from Barren County, Kentucky.

Cambarincola leani new species (Fig, 3)

Typespecimens. — Holotype, USNM 49676 and one paratype, USNM 49677, on
FProvambgrus [Ortmannices! orcines Hobbs and Means, 1972, tken from Gopher
Sink, Leon County, Florida, by 1. Bruce Means und Joseph Halosky, April 3, 1971
{PCH 2757); five paratypes, PCH 2756, on F. orcfmues taken from Gopher Sink. Lean
County, Florida, by [, B, Means and J.F, Berry, February 26, 197(.

fhggnasty. - Moderately large branchiobdellids {about 2.8 mm to 5.3 mm in
length), minor annulations subequal to soajor [antzrior) ones in diameter;
intra-segmental furrows praminent; jaws dark brown, subequal in size, dental
forraula 1/2; bumsa elongate, pyriform, spemniducal gland slender, 1/3 1o 102
non-glandular; prostate oon-differentiated, with small, obscure ental bulb; sper-
matheca with vary large ovoid bulb, without ental process.

Etymalogy. — For the Spunish conguistador, Ponce de Leos, discoverar of
Florida.

Deseriptions, — Members of the specics Gembarineods leont are moderalely large
branchinbdellids, The holotvpe and four other mature specimens yield the
following  average dimensions: retal lenpéh, 38 mm (2.8-53 mm), greatest
digrigter, 0.7 mm (0,608 mm); head dengeh, 0.6 mm (0407 mm); head digmeter,
(hd mm (03005 mm),; digmecter, segmen £04 mm (023005 mm) s dfsmeter, sucker,
0.4 miny (0.3.0.5 mm).
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The lips are entire; there are no detectable oral papillae; the penstomial suleus is
prominent. Externally, there is a wvery shallow encircling sulcus of the head,
corresponding to a single internal pharyngeal ane.

Supernumary wuscles of the antedor annulations of the trunk sepments are
poorly developed, so that the body outline is relatively smooth, although the
puosterior  annulalions are prominent by virtue of relatively deep intra- and

[F1a. 3. Cambartcals Iaonf, new speoics. 2, outline of hololype; B, same, lateral view of jaws:c,
e, Feprodostive sysicms,



223 PERRY O HOLT

intersegmental furrows. The anterior nephridiopore s obscure in my relatively well
preserved material, The cliellum is especially promipenl on segment Y11

The jaws are unswal and disgnostic. Subegual i siee, dack brown, they hive large
dorsally and  wventrally directed bases, respectively, with shorter lopitudinally
arientad flunges, which confer an appreximately Lshaped appearance {inverted for
the Jower jaw) upon them in lateral view, The teeth are blunt and chscure in all my
specimeans, bul the dental formula appears to he 12

The spermiducal gland is small and slender, but its truly distinctive Teature is the
non-glandular nature of its ental portion which comprises from 174 1o 172 of il
total length, and is composed of the type of epithelial cells which characterize the
defarentia. This non-glandilar portion is hardlby greater in dismeter than that of one
of the two vasa deferentin. The ectal 172 to 34 ol the pland is hardly moers than
twice the diameter of the slender ental pare.

The prostate in non-differentiated; is subequal in diwmeter and approximately
2{3 the length of the spermiducal gland. Tt possesses a small. ohscore ental bull.
The gjaculatory duct and bursa present no nateworthy Testures, though the humsa is
somewhal maore elongated than is common in the penus, 1 has o promiment ateial
foold at ies midlength.

The spermathecal cotal duct is approximately 173 the total length of the oegan,
thal. in ifs enticery, is suhequal in length to the body dismeter. The spermathecal
bulb s proportionately boge, oveid, thin-walled, with onby g mere supgestion,
produced by somewhat thicker epithelial cells 31 its spex, of a0 ental process.

The sucker is provided with a number of grominent unicellular glands that open
on its inner surluce. The gud s (lled with o cospulim. and since the worms inhabit
the pill chambers of the hosl (Hobhs, Jr. persong) communication), it muy be
assumed that this material is composed of the blood of the hasts,

Fariation, — Other than a rather marked vaniation in swe of matore animals
{those with a well developed clitellum and maniring ova in segment VI, and the
abvious presence of dorsal ridges in some specimens, a variation best accounted for
by the use of different preservalive Quids by the varoos collectars, there ure no
significant differences among the availzble specimens.

Affimities, — Ohseure: the male reproducrive systent clearly places this species in
the gonus Combariicofi. ot the jaws are reminiscent ol those of Sdeffodrius
itlarmiatus (Moore, 1894 ) and these, and the peculiarities of the spermiducal gland,
remowe O feoeid Trom a close relationship o any known member of the geous, The
wonedifierentiated prostute places the species in Helfnan’s (903) Mesochoreus
section of the genus and the aflinitics of € feoni shonld perhups be sought aneng
the more primitive Torms of this group. There is a Mexican branchiobdellid,
Cumtbarivicols micradenus Holt, 19734, from La Cadada v Telels de Geampa,
Fuehle, that has a peculiar spermidocal gland with & dilTerentioted ental protion.
Cambarineole miceadenys. however, has jaws that are gquite disparale in sive, 4
prostate thal actually les adlmost Tee of the spermiducal gland hevand ils origin
rom the Tatter and is much smaller in size, Other Lhan that both are evolutionarily
representative of ald stacks {primitve ) of the penus, they cannot be considered as
clozely telarid
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Heosts. Procumbaries oreions: an intergrade population of 2 (Ortmaminens) L
fecifiiguy (Hobbs, 19400 and £ plecfhiea (Hobbs, 19403 Frowlocanbarns maclane
Hohhs, 1942,

Lhiateiberion, Krnown only from the tepe-localiy, lodian Cave, Marien
County, and Squirrel Cave, Alachna County, Florida, The Marion County record iy
near an area of Florida that may have been shove sea level sinee Plincene times; the
Leon Couonly and Alachua Connty records are frnm an ares that was probably
pnder marine waters m the carly Pleistocene (Cooke. 19450 Genfarineala Teani
sppuears e he a cavernicols and its presence in the limestone “sinks™ af Florida to
antedate the Pleiztocens epoch.

Material exurtined The types and one specimen, PCH 2758, from the
tvpedocalivy; two specimens, FUH 2300, an Procarsbarus { leeifupus X P L alachua
Laken in Indian Cave, Marion County. Flonda, by Tohn Eand Martha B, Cooper.,
December 31, 1964,

Cambarincola sheltensis, new species (Fig. 4}

Typespecinens. — Holoype, USNM 49683, two paratypes (PCH 1348), taken on
rreonectey gustralis australiy [ Rhoades, 194710 in Bhelta Cave, Huntsville, Madison
Coanty, Alabama, by John E.and Martha B Cooper, &ugust 24 1963 wo paralypes.
LISNM 49884, and one paratype, POH TE63 taken on O gaespradfs in Shelta Cave,
Huneswille, Madison County, Alabama, by James E. Lacimer, | 963,

fdagiionis, — Medium sized branchiobdellids (holetype approsimately 25 i in
length b, epprer lipe with four blund Tebes: trunk segments with doeesal ridgpes: upper
Jww shightly barger than lower, dental formols 575 bursa elongatle oval, slightly less
in length tat 102 body deumeter, often thinswalled, sinal fold present, both atral
and penial sheatl with cxpanded cavities; spermiducal gland lang, slender: prostate
differentiated. caly slightly shorter than spermiadincsl plamd, abeor 3 dimerer of
latter, with prominent endal bulb: spermatheca with leng mueseolar ectal duct, hilb
subcequal in length to latter, narrow spatulule, with thick, nonsglandular wall,

Feovmadagv . - Por the tepe-docalivy, Shells Cave,

Deseripriow. Cabarineala shelfensis 15 composed ol modecate-sized wormis.
Mhe holotype has the following dinensions: dodal fength 2.5 mm, greafest diameter,
0.5 mm, head lengeh; 0.5 mm; fead digmeter, 0.3 mme dizinerer, segment £, 0.3
mn;, diwmigrer, sweker, 0.3 mme The average dimensions of the tvpe-series are as
follows: foded devgel, 28 mm (22532 mm); grewrest dismeter, 0.5 mm (0.4-0.0
mm | feaed fengdl, 05 mm (0407 mm); feed diemierer, b4 mm (03405 mm);
diapreter, yegmend £OO3 mun 40304 mm ) dizmeter sucker, 0.3 mm (02004 mm).

The ppper lip is shallowly divided into four Bhost lobes; the lower inte fwo; the
lateral indentation betwezn apper and lower lips is itself filled with a blunt lobe or
s quite broad, An indetesminate number of oral papillae e present. Externally,
only the peristumial suleus 35 present; internally there 35 one prominent posierion
internal phurvnpeal sulcus, Supermamary muscles ol the aneior (major) annali of
the trunk are nol well developed, but the major anouli are slightly preater in
diameter than the minor ones producg low dorsal ddpes. The antenor
nephridiopore 15 not prommend.



230 FLERY . HOLT

Jlf
|
T e
o \'|
 J: /./-_-.l
3 _: T_x}
1y ¢

Fip. 4. Combarincola sheleensis, new species. 2, reproductive systems of holotype; b, same,
nhlique view of jaws of paratepe; &, same, lateral visw of Jws: ) same, sutling of
holulype.

The jaws are mediom brown, well developed and the dental formula is 515 The
upper jaw is only slightly larger in all dimensions than the lower.

The spermiducal gland is slender, somewhal greuter i length than 172 the body
diameter. Ity diameler s about [[7 of its l2ngth. There is a sugpestion of an anterior
deferent labe in some specimens, but, thongh probably present, it is nhscure in the
holatype and in any case not prominent. The lomen of the pland, in spite of the
oland's slendemess, is often expanded beyond the wsual condition in ather species.

The prostate is ditTerentiated, about 13 the digmeter of and anly slightly less
length than the spermiducal gland. Lt ends in a large clear enlal bulb. The bursa i
distinguished by a thinner nmuscular wall and larger atnal and penial sheath cavities
than is usual, Otherwise, in shape und size, it and the gjaculalory duct are not
sl

The apermathaca, however, is distinctive and disgnostic when considered sloog
with the characteristics of the male reproductive svstem. The muscular ectal duct
widens pradually entally and passcs imperceptibly mie the thickwalled hulbolar
region which {5 anly distinpuished by ils greater diameter and the presence within it
of spermatosos lrom the ectal duct,

Farigtion. — Nong, other than those differences in stee and apparent differences
in the male reproductive systern mentioned above. The latter can readily be
accounted for by the different aspects from which they are viewed.

Affiniries. — Cupbarineola sheltensis s koown only from troglobitic craviishes,
and its closest relative, were it not for it peculisr spermatheca, would be
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Camrharineols filloy 1ofTman, 193, These two species agree in jaw struclore und
dental formulae; deesal ridses of the major anouli of the trunk segments {though
these are much more pronounced o O faffex); and in the general structure of the
male reproductive system, except that the spermidecal pland and prostate of O
shefrensis are not so robost as those of O fallox, They difler in the presence of
peristomial fentacles in 0 fallax, ahsent in O sheltensis, and in the peculiag
thick-walled spermatheca of 0 gheftensiv: that of £ fillex hes a maore usual
thin-walled bulb withowt an ental process. Perhaps the simplet hypothesis is that ©
shedtensis 35 the descendant of a primitive stock related to the Philadelphicus
section (Hloftman, 1903y of which € fafler 33 0 member,

Hrost, — Oroonectes australis australis.

Distribution. — Known with cerlainly only from the type-locality.

Materisl examined, — The typeseries and seven other specimens, three of which
are serially seclioned, from the same locality. [n addition, several dubiously
identified specimens tuken on Combams (Aviticambaras) hamolatey (Cope, 1881)
and O tenebrosuy Hav, 1902, in Sal River Cave, Jackson County, Alabama, by
Inhn E. Cooper, et al., August 7, 1967; others taken on Cartbaruy [ Ariticambarus)
foereri Habhs and Barr, 1960, and Procambarus (Kemoticantbarus) pecki Hobhs,
1967, in Key Cave, Lawderdale County, Alsbama, by John F, and Martha R.
Cooper, Muarch 18, 1967, and possibly others {the colleclions were mixed with
Shelta Cave material} taken on £ & wustralis from Feen Cave, Madison County,
Alabama, by John E, and Martha B. Cooper, {date unrzcorded), have been studied
and discarded. On the basis of jaw and general body characters, these animals were
almost surely specimens of © sheltensis.

Cambarincola lepladenus {15, 3}

Type-specimens. Holotype, LSNM 49678, one paratype, USNM 49679, two
paratypes, PCLL 2739 laken on Cumbarus (Erehicambarus) tenchrosus ay, 1902,
in Bethel Cave, Perry County, Tennessee, by Horton H, Hobbs 110 October &, 1968,

figginosis, — Small branchiohdellids {about 2.2 mm in average length), body
with dorsal ridges; jaws dark. subequal in size, dental focroula 171 1o 375, bursa
simall, ovoid, approsimately |f6 body diameter in length; spermiducal gland long,
slender, about 1/3 body diameter in length, its dismeler 174 or less itz length,
without deferent lobes; prostule pon-differentiated. about 4/5 in length thal of
apermiducal gland, subequal to latter in diameler, with very larpe clear ental bulb;
spermatheca with Jong ectal duct, elongsis oval bulb, no enial process,

Frvinology. — From the Greek, lepros, thin, and aderos gland; in reference to
the slender spermiducal gland,

Deseription. Specimens of Cembarincody lepradenes are small to medium sived
members of the genus. The holotype has the following dimensions; rotal lengeh, 2.3
i, gregtest dignieter, 04 mim; heod length, 0.5 mm; head digmeter, 04 mm;
digineter. sepment 0.3 mm, digmerer, sueker, 04 mm. The type-series snd one
additional specimen, For a toal of five, have the lellowing average dimensions: ¢odal
length, 2.2 mm (201223 mm); greatest diameter, 04 mm (0.4-0.5 mm): head length,
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0.5 mm {04005 mm); head dipmeter, 0.4 mm (0,304 mm); dizreter, seprfent [,
0.3 mom (0203 iy diarmeter, sucker, Od mm (0.3-0.4 mm).

The peristomiwn is divided into upper snd lower Jips. The upper lips sppear 1o
he subdivided into four Blunt lobes; the lower into twa (all specimens are mounted
entire in lateral aspect and moat are partially macerated Lo the extent of a loosening
of the cuticle from the body wallh. An indeterminable number of oral papillae are
present.

There are no external sulel of the hesd except for the peristomial ane: @ large
posterior pharynpgeal suleus is present internally.

The jaws asre not onusually large [or epigean members of the genus, they are
about 1720 that of the head in length, and are dark brown, The dental formuola
seems Lo vary from 151 to 505, but the lareral teeth are selatively small, may wesr
away with age, and, in any case, are difficult to detect in lateral view. 11 is likely
that the churacteristic dental formula is 55,

There are low dorsal ridges present. particolarly on the posteior segments, but
the superoumerary muscles that produce them are thin and they are not prominent,

The spermiducal gland, as noted, is wnusually slender; its diameter 13 aboutl 14
or less its length. Oriented dovso-ventrally in the holotype, its maore usoal position s
Iying looped belween the gt and ventral body wall. The prostate is scmewhat
shorter than the spermiducal gland, apparently non-differentiated {1his point neads
comfinnation  from  belter matenal, but there 8 no discernable  histological
differcnce between it and the spermiducal glund in the specimens available 1o me).
The salient feature of the prostate is its rerarkably Laege ental bulb.

The ejaculatory duct i3 a long, slencder museular wibe, in keeping with the amall
size of the otherwise snremarkable bursa and the length of the spermiducal pland.
The relalive size of the bursa given shove sxcludes ils narrow autlel through the
body wall.

The ectal ducl of the spermathecy is approximately 172 the total length of the
organ, bt it is beol enderneath the put s first lateral and then domsal couse to
its junction with the spermathecal bulb. The latter is clongate oval in shape,
thin-walled and witheut an ental process. The total length of the spermatheca
apprximates thut of the bursa and specmiducal gland combined and & estimnated at
abour 203 ar moere of the diameter of the sepment in which i1 lies,

Fartarion:, — Other than a possible difference in the number of feeth bome by
the jaws, the only readily detectable variability 15 io the positions assumed by the
relatively small compooents of the male ceproditctive system) they are ollen found
ying looped and somewhat twisted undernvath the pul. The ental bulb of the
prostate oflen appears o compose the grealer part of the organ, bul this
appearance s ullributed to it so lyving that it is viewed obliquely rather Lhan
Taterally.

Afftniries, — Combarimealy Jeptadeniy resembles O demigsas Hoffman, 1463, in
Jaw strocture and dental formula, in the small size of the reproductive arguns and in
the nun-dilferentiated prostate with an ental bulb. The lwo species differ o the
presence of dorsal ridges oo the major anouli of O lepradenis, absznl in O
demisiay; 0 the slender and long speomidoeal gland and prostale of the former,
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Fig. 5. Cambarirtcols fepiadenier, new species. @, cutline of holotype; &, same, lateral view of
jaws; ¢, same, reproduchive systems,
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structures that are relatively souch shorter and thicker in the latter; and in body
shape: in O demdssuy the posterior trunk segments are propoertionatsly much
greater in diameter, Cambarineols marthae differs from € lepladones in dental
formuola, 5/4 and 5/3 respectively, and the absence of dorsal ridges aod e mare
normally proportioned, though still small, male reproductive arpans of the former.
Since we do not know the extent of convergence in these characters in the panus, il
is inadvisable to designate either € demissus or O mgerfoe as the closest relutive of
. lepradenns, [ndeed, some Mesoamerican species with o non-differentiated
prostate may be the closest relative of C lepladens,

Haost, — Cimbarincoly fenebrosus.

fhistribuetion. - Koown ooly Trom the type-locality.

Material exambined. The iyvpe-series and eght cther specimens fram the
type-locality.

Cambarincola dubius, new species (Vig, &)

Typespecimens. — Holotype, USNM 49673, two paralypes. USNM 49674, four
paratypes, PCH 2763, on Camtharuy [Erebicambaris) fzevis Fowon, 19714, and
Cheoneery fnermiy testil (Hay, 18910 taken from May's Cave, Monroe County,
[ndiana. by Horton 11 Hobls (1], September 26, 1909, rwo parstypes, LSHNM
da75, twa paratypes, PCED 2761, on Cirmbarus leevrs Laken from Mayfield's Cave,
Montoe County, Indiana, by Horton H. Hobbs 110 Seplember 20, 1969,

Diagmosis. — Small to medm sized branchiohdellids (about 1.9 mm to 2.7 mm
in length}; dorsal ridges present; juss durh brown, noequal o siee {ralio of npper to
lower approximately 43, anteropesterior dimension), dental fonouls 375 horsa
elongate ovold, about 1/3 body dismeler in lengths spermiducal gland reniform,
thick, its diameler about 103 its length; prestule dilferentiated, slender, 1/6 or less
in diameter that of spenmiducal gland, s length about 273 that of latler, with
prominent antal hulb; spermatheca with ovoid bulb, bulb subequal in length to
ectal duct, total length spproximately 172 duvmeter of body, without ental process,

Fryvmology, — Latin, dubius, unceriuio, donbeful:in reference (o the uncertainty
as to whether the species i3 a traglobile and its close, and possibly confusing,
resemblance to known cpigean spacies.

Deseription. — Specimuens of Cuntharineasds dobing are small to mediom sized
members of the genus. The holotype has the followimg dimensions: fofal length, 2.7
mm; greafest dignterer, 04 mm; head fength, 0.4 mme heed dineter, 0.2 mm;
diameter, segrrent [, 002 mun, diemerer, sucker, 0.2 mum, The average dimmensions of
the holotype and Tour pacatypes are as folows: rofed length, 2.3 mm (1.9-2.7 mmb:
rregrest digmeter, 0.4 mm (04-0.4 mm); head ledgeh, 04 mm (0304 mm ), hewd
dimmeter, 0.2 mm (202 mm); digneter, seemrent 7, 0.2 mm (002-0.3 min);
digmeter, sucker, 0.2 mm (0,203 mm ),

The upper lip is subdivided into four low, blunt tobes that are difficule 1o see in
my laterally mounted material. An indetermined number of oral papillae e
present. The peristomial suleus s oot prominent; in the hoelolype, and some other
specimens, there 335 o suggestion ventrally of another extermal suleus of the head at
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Fig, 6. Combarineola dubivs, new specics. @, aulline of halutvpe; b, sume, latecal view of jaws,
o, same reproduciive systems,
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the level af the prominent aolerior internal pharyngeal sulews A second. much
shallower, pharyngeal sulcus is present posteriorly,

Supernumerary muscles of the anterior anoulus of the tounk segments are
present, but the consequent raised dorsal ridges are not prominent. The anterior
nephridinpore s nat easily detected. The clitellum is well developad in fully matore
specimens on segment VI much less so on segment V1L

The jaws are disparate in size; the npper is distinetly larger than the Jower, The
dental formuola is 3/, but the lateral teeth are small and often not discernible in
latatal vicw,

The spermiducal pland is relatively large and is bent at its mid-length, a flexure
that produces a kidney-shaped sppearance of the orpan. [t usually les essentially
horizontally in the coclom alongside the put with its darsal border at the level of
that of the gut. There are no detectable deferent lobes,

The prostate is distinctly differentisted with & prominent clear ental bulb. Tt is
rather slender, rom 243 to 172 the length of the spermidocal gland and often lies
medially between the latter und the sut so that it is difficull to see in many
specimens. The ejsculatory duct is a prominent muscular tube, bul presents no
urtistal features, Neither does the bursa, except for its somewhat elongaied ovoid
shape.

The spermatheca is almost equally divided into ectal duct and bulbular repions.
There is no indication of an ental process. In the holotvpe the speomathecal bulb is
distorted by a slight wrinkling of the body wall which has pressed il out of shape
against the gut, the normal shape of the bulb is that of a broad vval,

Variation., — Qther than the variahility in features menlioned above which are
attribuled 1o the aspecl from which the orsans are viewced, there i only one
vatiation of note in my material. In some spacimens, etheraise apparcotly identical
to the others, the spermathecal bulb & onoc distended, bur it is a straight blindly
ending tube similar in appearance to the ental process of the spermatheca as it has
been described lor a number of species {Holl, 1960, e seg.). This chservation
cannot cast doubt vpon the tealily of the spermathecal ental process in other
species, but it does emphasize the need of care in the use af it 43 4 laxkonamic
character. There i3, in addition, the wsual runge in sive amonp members of the
spacies.

Affinitics. The closest reldative of Cwmbariicols  dufiies seems o be
Cumtbarincols falley Hoffman, 1963, The reproductive svstems sre broadly similar,
thouph the prostate of © duebdiug may be relatively a Uttle shorter aod the
spermiducal gland maore distinetly flexed than in € fallay. The jows of (2 fitlux are
subequal in size and the peristomium is furnished with distinet, although onosually
short and slender, tentacles, featwres absent in € drebius, The dorsal ridges of &
Sallazx are more pronounced than those af C dubius.

Hovrs, — Cambarus frevis, Oveonectfes IROMRIE Lesili

Digtribption.  Known only from the twa caves in Monroe County, Indiana,
noed above,

Materiof exwnined. . (Mher than the types, seven additional specimens trom the
type-locality, two othees from Maylield’s Cave and, uncertainky five specimens ftom
Curmichae] Cave, Monroe County, Indiana.
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Cambarincola alienus Holt, 1963

Cambarincols aftenus Holr, 1963 97-100; Holt, 1969 206, 208.2 10, Combarineola
afienes — Halt, 1973a.

Type-specinens, — Holotype, USNM 30415, seven paratypes, USNM 304 14;
sgven paratypes, PCH 1325, on dselinvg slubamensts taken from Wet Cave, Franklin
County, Tennessee, by Harrison B, Steeves, Ir {date vnrecordad ).

Diggnosis (from Hoelt, 1963). — “Madiumesized wonmns slightly less than 3.0 mm
in sverage lenpth (preserved material); minor sepmental anoulations obscure, body
outline consequently smooth or often muarkedly constricted between segments:
petistomiom divided into dorsal and ventral lips without Iobes or tentacles; dental
formula, 574, jaws small sod delicate; male ceproductive orpans small, rarely or
never cxtending dorsad of the ventral border of the gut; spermiducal gland short
and thick, without deferant lobes; prostate histologically similar to spermiducal
gland. oneshalf to two-thirds the diameter and sub-egual in length to the latter,
prostatic hulh absent; spermatheca elonpate, with spermathecal duct, bulb and ental
process present and of approsimately equal length'.”

Remarks. — Nao additional muterial of Cembarincola alierur has come o hand.
The wvalidily of the species is not in doubt, and, in cffect, is confiomed by the
discovery of the new apecies described above.

Cambarincola demissius Hoffiman, 1963

Cianbarinenda demissa Hollman, 1963 365-367,
Cammbarineols demissuys — Holl, 19735,

Typespecimens, — “Holotype and four paratypes, USNM 29945 [rom
Crreoneetes erfichsoninns, (Faxon, 1898) and €0 species collected io a tributary to
the Powell River at Big Stone Gap, Wise Counly, Virginia, by Horton H. Habhs, Jr.,
angd C. W, Hart on June 17, 19507 [Haffman, [963; 365),

Diggnosis (moadified from Hoffoan, 1963: 365.367) — Medium-sized worms.
2832 mm in length; peristominm with lobes, long (13 of total head length); budy
ontling smooth, body tpering markedly from segments ¥1, V1 Lo anterior barder
af peristomium; jaws small, dorsal slightly larger than lower, dental formola 177 to
575, lateral teeth much smaller than median ones; male efferent sppacatus small:
bursa small, cordate, pepsal shesth 174 or less of organ’s total size; spermiducal
gland short, broad, at most only half aguin diameter in length, without deferent
lobes; prostate slender, muoch shorter than spermiducal gland, non-differentiated,
with clear distinct ental bulb; spermatheca short, extending dorsad less than 172
body dismeter, without ental process.

Remerks. — HolTman (1963 365) speculated that this rare species might be an
inhabitant of the gill chambers of the host. 1ts occurrence on a craytish known only
{rom caves has no special significance ather than an extension of range: the host has
ne obvious troglobitic adaptations and there iz no reason o think the branchialb-
dellid 15 a troglobire,

Additional {ocality records, In addinion Lo the type locality, HofTman (1963;
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367) repurted Combarinecls demissus from iwo wnspecified species of Canbarus,
taken in the Bluestone River, 1.2 miles east of Tarewell, on US. Highway 460, by
Horton [ Hobbs, It and ©0 W, Hart, Ir,, June |8, 195, (PCH 393).

Cave reeord. — The three specimens identified in the course of this study are
fram Caombarws (Puncticombaris) nerrering Hobbs, 1984, ken in Matt's Black
Cave, 2.0 miles south of Henick, Greenbrier County, West Virginia, by J. A,
Stellimack, Jameary 21, 1963 (PCH 1540).

Cambarincola fallax Hoffman, 1963

Cambarineola jallax, Hoffman, 1963 356-33% — Haobhs, Holt and Walton, 1967
54, et seg, — Halt, 1969: 207, &2, seg., 19734,

Type-specimens, — “Hololype asnd four paratvpes, USNM 29945 from
Cambures (Higficambares fongirostriv Favon, 1R85, collected in Maiden Spring
Creek, about | mile east of Wardell, Tazewell County, Virgini, an June 19, 1959,
by R. L. Hoffman, Additonal paratypes from the same collection™ (Hoffman;
1963 356),

Dhgerosiz. — Medium sived branchiobdellids, up to 4.0 min in lengeh; body with
prominent dorsal ridges; upper lip of peristominm with four distinet finger-like
tentacles; jows subequal in size, dental formula 3538, 503 or 375 bursa clongals
pyriform; spermuducal gland large, subreniform: prostate diflerentialed, slender.
samewhat shorter than spermiducal gland, with distinet ental bulh; spermatheca
with slender ectal duct, ovoid to fusiform bualb, extending daesad hardly more than
hall body diameler, without ental process.

Remarks., — Cambarinesla fallax s a common and widespread species as an
epizoite of epigean cray fishes in the southern Appalachians: in caves (Tuble 1) il has
been taken only from hosts that, at best, must be regarded as trogloxenes.

Cave records. — Cantwell Valley Cave, Hancock County . Tennessee, taken on
Cambarus {Curtbarus) bartomd bartonid by Charles Maus and John R, Holsinger,
October 28, 1966, (PCH 2416], Two specimens.

Fairmnont School Cave, Huncock County, Tennessee, one mile west ol Treadway,
taken on 0 barfonii by John B Holsinger and David C. Culver, Aogust 23 1972,
Six well preserved specimens.

MeClung-Zenith Cave, Monroe County, West Virginia, taken on O & bartonil by
John R. Halsinger, August 31, 1967, One poorly preserved specimen,

Cambarincola heterognathus Hoffman, 1963

Camnibarincols heterognatha Noffman, 1963 362, — Hohbs, Holt and Walton, | 967:
55. Halt, 1993: 2140,
Cambarineola heterogiathus — Holt, 19734,

Type-specimens, — "Hololype and paratype, USNM 29947 {tom Cambanes sp.
collecled in g tributary to Big Wilson Crezsk, 4 miles south of Mouth of Wilson on
Va. Hy, 16, Grayson County, Vieginia, by Horton H. Hobbs, Je, and © W, Hart,
June 14, 1950" (Hoffman, 1963: 362).
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Biggnosis. — Mediumesized hranchiobdellids, lenpth to about 3.0 mm; major
annulations of body sepments shightly or not al all greater in dismeter than minor
ones: jaws greatly disparate in size, upper at least lwice lower in tolul size, dental
formuwla 1425 bursu, lusiform, length 1 172 times diametee; spermiducal gland
subrenilorm, slightly sreater in diameter eotally, there subegual to buma in
dismeter, sommewhat greuter than bursa in length; prostate small and slender, less
then balf as Tong as spermiducal pland, ental bulb present; spermathieca elongate,
ofien constricted at midlength, obscure entul process presenl.

Remarks, — Cambparineods heterogiathuy s widely distributed in the moun-
tainons regions of the Soulhesst. In this ares the distinctive jaws alone are
diagnostic. The recent discovery (Holt, 1973 b) of s presence in the “Fanhandle™
of Florida van only be interpreted as the survival of relic populations in o
Pleistocene refugium.

Chrve recordy. MeLavglin-Unus Cave (part of the Culverson Creek Cave
System}, taken on Czmbarus b, bartowfi by Ed Bauer, May 5, 1967 (PCH 2413).
Five specimens,

MeClung-Lenith Cave, Greenbrier Connty, West Virginia, taken on Cimnbarus b
burronil by Toho R Lolsinger, August 31, 1967, Three specimens,

Sinks of Gandy Cave, Randalph County, West Virginia, taken on Cambarus b,
burtonidi by Iohn R Holsinper, August 14, 1943 Four specimens,

Cambarineola philadelphicws (Leidy, 1851}

Astucobdelly philadelphice Leidy, 1851: 209,
Rranchiobdelly philodelphics —Muonore, [894; 427,
Belellodrilus philadelphicus — Moore, 1895 408,
Cmburincols philadelphica — Ellis, 1912: 485,
Carrbarineola philodelphicus — Holr, 1973a.

Tvpespocimens, — Collected [rom crayfish in and around Philadelphia by
Jazeph Leidy; probably not kept or deposited in the collections of the Philadelphia
Acudemny of Matrural Sciences. since extensive efforls by Mr, C, W Hart, Jr., to
locate them failed.

Diggeiosts (from Hoffman, 19630 342 - “Peristaomium divided inta dorsal and
ventral halves, the dorsal larger and with four low marginal lobations, jaws relatively
large and subrectanpular in lateral sspect, the dorsal jaw usoally a little Targer than
the ventral, [dental formula 3/2 to 5/4]; male reproductive system moderate in size,
filling from hall tw two-thirds of the coslom of une side of segment V1. hursa
clongate, al leusl twice as long as broad, the penial sheath merging gradually into a
laicly short sjaculatory docty spermiducal gland slender and recurved ventrad, twice
Lthe diameter of prostate, latter [differentisted], long and slender, reaching to ental
end of spermiducal gland ™

Remarks, — Conbarincols phifedfelphicuy is the most wide-ranging and commuon
of the branchiobdellids of the sastern United States, absent in this area only from
the more seuthern Coastal Plain, fe., from about the latitude of Washington, D.C.,
but exlending nerthward into Canada and soulh and west throughout the uplands,
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including the [nterior Low Plateaus Lo roughly the Mississippi River. It is a variable
species, not eazily separated from its close relatives (see Hoffman, 1963 343-348;
Hobbs, Haolt and Walton, 1967 70) and. indeed may constitute a complex of
closely related or sibling species. s occurrence in caves 15 enlirely with crayfishes
that are primarily trogloxenes or, st best, troglophiles. There in no reason ta think
of O philadelphices as anything other than an accidental inhahitant of caves,

Cave records. — Carmichael Cave, Monroe County, Virginia taken on Carnbarus
dzevis by Horton H, Hobbs 11, Octaber 4, 19649, (PCH 2764} Five specimens,

Fairmont School Cave, Hancock County, Tennesses, laken on & barfonil by
John B. Holsinger and David C. Culver, August 23, 1972 {PCH 2929). Twenty-two
Specimens.

Bowen Cave, Hardin County, Tennessee, host unknown, taken by Horten H,
Hobbs 171, October 5, 1268, (PCH 2738). Five specimens,

Wagoner's Cave, Tazewcell Countly, Virginia, taken on O bartomi by R R.
Holsinger, David C. Culver and Paul Starr, Avgust |9, 1967 (PCH 2417), Five
Specimens.

Benedicts Cave, Greenbriar County, West Virginia, taken on € b, varinirosteis
by West Virginia Association for Cave Studies, January &, 19660 (PCIH 1911},
Discarded, specimens not counted.

Benedict’s Cave, Greenbrer Couoly, Wesl Virginia, taken on C b, bartoni by I.
E, Gravenmier, July 9, 1966, (PCH 239%). One specimen.

Buckeye Creck Cave, Greenbrer County, West Virginia, taken an £ bartoni by
John E. Cooper, Movember 28, [963. (PCH 847, Five specimens,

Cofiman Cave, Culverson Creek Swatem, Greenbrier County, West Virgioia,
laken on Combarus (Puncticembarus) nerteriug by John B and Martha B Cooper,
May 9. 1964, (PCH 2370). Seven specimens.

Fuller’s Cave, Culverson Creek System, Greenbrier County, West Virginia, taken
an O b, bartonid by David C. Culver, June 19, 1967, (PCH 2415), Twu specimens,

Luddingron’s Cave, Greenbrier County, West Virginia, taken on O aerteriey by
I E. Gravenmier, October 2%, 1966, (PCH 2601). One specimen.

Matt's Black Cave, Greenbrer County, West Virginia, taken on ¢ nerterius by 1,
AL Stellmuck, July 4, 1964, (PCH 1840). Five specimens,

McLaughlin-Unus Cave, Culversan Creek System, Greenbrier County, West
Wirginig, laken on 5, bartonit by Ed Bauer, May 3, 1967, (PCH 2413). Five
specimens.

Wade’s Cave, Greenbrier County, Westl Virginia, taken on O barfonl curimirosomgs
Haw, 1914, by West Virgina Associalion for Cave studies. April 23, 1966, (FCH
9141}, Seven speciment.

Wade's Cave, Greenbrier County, West Virpinia, host unknown, taken by H,
Gentry, Aopgust &, 1966, (FCH 26000, Nine specimens,

Ripley Cave, Monroe County, West Virginia, taken on & b, bartonfi by John R,
Holsinger, Avpust 21, 1964 {PCIH 184 | ). Three specimens.

MeClung-Zenith Cave, Monroe County, West Virginia, taken on € b, dartouii by
Juhn B Holsinger, August 31, 1967, (PCH 2418), Onc specimen.

Mystic Cave, Pendleton County, West Virginia, taken on O harrond by John B
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Holzinger, August 3, 1963, (PCLL 1707} One specimen,

Linwnood Cave, Pocahontas County, West Virgioga, taken on O b, bartonil by
John B, Holsinger, snd R Baroody, Seplember 3, 1967, (PCH 2420). Twelve
SPLCIMEns,

Sinks of Gandy Cave, Randalph County, West Virginia, taken on & barfons by
John B Halsinger, July 14, 1963, (PCH 1705}, Sixteen specimens.

Cambarincols species A

In additicon Lo unilentitiable material (Table 1), 1 have two colleclions, probably
represenling lwo separdle specics, of worms that are undoubtedly members ol the
genis Cambarineofs. (ne @5 u menber of the fnlae-plifadelplicus complex and s
alsmost surely repressntative of 2 common epigean, but undescribed species (it is
known that there are several such species in the Tennessee and Cumberland
dratnages). The specimens are so badly macerated, however, that an adequate
description i impassible.

The locality datas Bristol Caverns, Sullivan County, lTenocssee, taken an
Cambarus barfonii covatis Hay, 1902, by Jnhn R. Holsinger, Decemnber @, 1967,
(FCIL 2421} Fifleen specimens.

Cambarincola species B

Listed with Camharineesds species A under Crmburincola sp. nov, (Table 1) are
specimens that apparently, but somewhat vncertainly, represent a new species of
the peous, Again the material is ton poor to deseribe, but the bursa is unusoally
larze and muscular, propurlionately greater so than in any known species of
Cambarineals, and 1he jaws resemble those of O fiflie .

The Incality dats: Stream in Big Schackletl Cave, Meade County, Kentucky, 3.3
miles north of Big Spring. taken on Camberus jenebrosus by Leslie Hubricht,
September 28, 1957, (POH 2332 18SNM |ROG6). Six specimens.

Ankyvrodrlus Holt, 1963

Dpespocien, — Anfyradeiins koroneeus, by orginad desigoation.

Piggrriosts (rom Holt, 1963 1Y, — “Branchiohdellid worms with two paits of
testes: paired nephridipures on the dorsum of segment 1110 at least nine distinct
segments visihle in dorsul view; gul straight, with sacculations in segments 10100,
IV, those of segments [ and IV the larger; ageregations ol glund cells present in
lateral portioms of sepments YITT and [X; candal sucker ventral; body depressed and
tapering gradually [rom anlerior cod o its ereatest width in segment ¥1, VI oo
VT, spermiducal gland large with klindly eoding bifurcated proximal |ental]
partion, vasa deferentia entering the median portion of the orean; bursa constrictad
Between atrial and penial sheath porgions, giving to the orgun us o whole a
reduplivated aspecl; gjuculatory duct absent; spermeatheca composed of ectal ducl,
balb, and ental process.”
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Remarks. — The penus dnkyrodeiius s composed of 1wo species, mainly
allopatric in range hut overlapping in the scuthwestern tribulares of the New River
in Virginia: o combined range that extends {tom the upper reaches of the Roancke
Fiver in Virginia to streams of the Comberland drainape in Tennessee. These species
are known to ooccupy the exposed onter surfaces of Lhe host crayfish and are in
general fucies typical epigean forms,

Ankyrodrlus legaens Holt, [ 965

Type-specimtens. — Holotype, USNM 20872, four paratypes, USNM 30873,
three paratypes, PCH 139, taken on Combarns bartont cavatus by 1T, Wheelar,
four miles east of Ewing, Lee County, Virginia, August |8, 1948 {modilied from
Helt, 1963 12),

Diggaesis (from Holt, 1965a:12). - “Upper jaw with five leeth; lower jaw with
four-five teeth; teeth of upper jaw of unequal length, lateral leeth and median teeth
shorter than others, lateral teeth of lower jaw looger than median teeth.™

Remarkys, — The lwo species of dnfprodrfus differ in jow struclure: A
korowaens has a 34 dental formula, with all the teeth of both jaws subequal io
length. The specimens of 4. deprews ITom a cave can only be regarded os
trogloxenes, s are those of the ost cravfish,

Cave record. — Taicmont School Cave, Hancock Cownty, Tennessee, taken on
Cimbarus baronii by John B, Holsinger and Daviel €. Culver, August 23, 1972,
(PCH 2929} Eipht specimens.

Bdellodrilus Moore, | 5595

Type-species. — Bdellodriiuy Meminefus (Moore, TE94) by monotypy.

Miggnosis {emended  from Hobbs, Holt and Walton, 19670 510 T ead
elongated and less in diameter than anterior body segments: peristomium withouwt
labes, hody wall thin and glandular {parasitic facies); posterior siucker thin and
woik, twa pairs of testes, no prostate; |deferent ducts enler spermiducal gland
golally 1o its enfal end]; penis eversible; specmatheca bifid; lateral glands present in
trunk sepernents 1 thraugh 12X anterior nephridia open by commaon pore; upper jaw
lengitudinal ridge bearing three teeth, lower jaw deep trough i which dorsal one fics,
inhabitants of gill chambers, manetypee.”

Remarks,  —Bdellodrilws 35 a0 relatively  primitive genus (Halt, [96%: 196,
200-201) with 4 contnenral distrihution, thal Tas survived 23 a parasite withio the
gill chambers of the host. There is no readily apparent reason why i1 should nol be
commonly associated with troplobitie cray hishes, hut this is upparently not se.

Bdellodrilus luminatus (Moore, 1894
Heaichiobdelis ilombnrte Moore, TS 477,

Budelfodriins illupinatuy — Moore, 1895, 490,
Type-specimmens. No lonper extant; but taken at Philadelphia, Pennsy vania, and
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in Walaupa County, Morth Carolina, on Cambarns b, bartonii by 1. Perey Moors.

Lrggnosis, - As for Lhe genas.

Cove recovds. Cantwell Valley Cuve, Hancock County, Tennessee, taken an
Captharus Bartonsd hartonii by Charles Maus and John B Haolsinger, October 28,
1966, (PCH 2410), Two specimens.

Fuller's Cave, Culversan Creck Cuve Svstem, Greenbrier Counly, Wesl Virginia,
taken on € Do Bartond by David O Culver, June 19, 1967, {PCH 2415). One
SPECImeT.

Wade's Cave, Greenbrier County, West Virginia, taken on € & carinirosiess Ty
West Wirginia Assuciorion Toe Cave Stedies, April 23, 1964, (PCH 19100). Unknown
pivmber of specimens discarded.

Oedipoddlos 1lole, 1967

Fepe-geecios, - Chafipodritng cedipas, TTolt, 1967 535 by enginal designation.

Piageests Gamoended feom Holn 19670331 — Small 1o mediom sized worms often
with anterior segmental annulations greater in diameter than posterior ones;
aterivr nephridiopore on dorsumn of segment I jaws of variable size, shape, with
unegual number of lesth; lwo pairs of lestes; bursa barge, with long penial sheath
encloging eversible penis provided with chitinous covering hearing recurved hooks;
epacilatory dier present; prostate usoally ineompletely divided from speentiducal
pland, histologically similar 1o latter; speonatheca variously Tormed, but with
capanded ectal duct, spermathecal bursa, ental process. ur some combinalion
thereaol, i addition Lo spermathecal Bulb.

Fermarks,  Inoaddition wo the Wype species, Carrbarineods machaini 1olt, 1955,
has been informally assigned to Oedipodeles (Holt, 19090 2058 and is herein
comsidered o member of the latter weaes, Several species are known to oceur in the
Ulpited States, bt Vol (1807 a1 was mislaken in belioving thal Mexican worms
later wssipned to Sethodeiins Lloll, 1968h, belong o Oedipodrifus. Litlle else is
krown of the genws; it is badly inoneed of revision.

Credipodrilus machaini (1odt, 1955}

Crodbarrincoly mebaing Holt, 19552 27,

Tvpespeciviens. Holotype, USNM 259520 1aken on an unkown host rum
Charles Creek, Bovd Coundy, Kentucky, by Rodney MucBain, 1945,

Mgnasis femended from Tlole, 1955 27)  Lips entire; anterior annnlations
nol greally preater in diameter than posterior ones, bhody outline conzequently
rathier “smoath™; pws small and delicate, dental formula 5374 bursa looger than
body digmeter, usually bent caudad ot domsal border of gut, penial sheath enclosing
tong eversible peris with chitinous hooks; spermathecs with long, sxpanded ectal
duct which reaches dorsal border of coelom, spermathecal hulk long, extending
anterivrad withowt votal process ot spermathecal hursa.

Conve reciond Bristal Caverns, Sullvan Connty, Tennessec, on Condarens
DartenddV cavafoy laken by John B, Hoelsinges, December 9, 1987 (PCH 2421 ) Four
SpUCinLens,
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Xiromndrilus Eilis, 913

Type-species.  Xirnedriins fornosis by original designation (Ellis. 1919244,

IMaguosiy (tom Hobbs, Holt and Walton, 19670 62}, “Body depressed,
widerng pradually from segment | to segment VI deferent ducts entering entul
gnd of spermiducal pland; prostare absent; hurse spherical ™

Remorks, — Members of the genos range from the upland repions of the southern
Appalachisns west o the Oearkian uplands, northward o the shores of Lake
Supenior. All ure epizoites of the exposed surfaces of the carapace of cambarine
hasts and are unlikely 1o be Tound, other than sdventitionsly, in caves.

Xironodrilus fermosus Ellis, 1914

Tvpe-speciinens, “Holatype, USSMO 17620, tuken on Chnrbamd mustiols
Girard (det, Vaxon) from the White River, Trondale, near Anderson, Indiana, by
Max M, Ellis, August, 1913 (Ellis, 1919 244),

Dagresis (Trom Hobbs, Holt and Walton, 1967; 62), — “Dentsl Tormula 43 10
6%, teeth subegual in size with Julecal 1eeth somewhat shorter than median ones:
spermathecal duct distinet, bulb of spermathecs olobese or evlindrical;, spermiducal
pland simple Ushaped tuhe, less than teice dinmeter of vasa delerentia, ejaculatory
duet absant

Cuve localing, Briston Caverns, Sullwvan County, Tennessee. on Chinbarus
hartonit covetus taken by John B Holsnper, December Y, 1967 (PCH 2421 ) Six
APECITIETS,

Kironogiton Ellis, 1974

Pvpespecies. Xirooogiton avegonensis by origingl desionation. X orisonpentsis
has recently been reduced to synonomy with X, sestahis (Moore, 1894 (Holt, in
ress ).

Ldgpuasts (from Holt, in press). — “Mediwme (o large branchichdellids (knuwn
species fronn approximately T Lo 75 o, preserved specimens, in lengihy; body
terely unteriorly, deprossed posteriondy, o witheot penstomial tentacles in dorsal
prajections on trunk  sepments, postenior sucker directed  ventrad: jaws sub-
rectangular, paired nephridiopores o dorsum of sepment N with two pairs
nf testes; spermiducal pland with vass delerentia entening eclully , prostate or
prostatic protuberance absent; gjaculatory duct present: penis protresible, non-
eversible: buma large, heavily muscular, spherical, ellipsoid or asvmmetrically
subpyriform; spermatheca disproporticnately small.”

Remarks, The genus Xirgmogiton has Deen revised recently {Holt, in press )
The center of speciation of the genns is in the drainage of 1he Pacibic Norlwest,
but X duseebilis, common in the west, s also s common mhabitat of cold mueutain
streams from Morth Caroling and Tepnesses northward 1o porthern New York. All
membrers of the genus occupy the exposed chelipeds ol their astacid hasts (huth
witacines and  cambarinest and none are likely candidates for any continoed
EXISLETIEE 11 vy
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Kironogiton instahilis { Moore, 1894)

Branchiobdells fasabilic Moore 1894 425427 — Smallwood, 190460 100111,
Ellis, 19172 484,

ffetodrilns fnsfabilis, — Pieranton, 19022 22, — Hall, 1914: |90, 192,
Nirenrogritow orepovensts aoregoneasiz BEllis, 19192 2492510 (in part).
Niromogiton orceoensis poctinetus Ellis, 1919 251 (o parth,

Xivonogiton fistabifing, — Flhs, 1919 2322233 (in part).

Xirowogiton instabifiny msrabiline Goodpight, 19400 4547, - Halr 19490 530, —
MoManus, 19600 4214427 (in part).

Kireogiton Ristahifins oregonensis. Goodaight, [940: 4748, {in part),
Kiramogiton mstabilins. — Berry and Holt, 19392 311, - Haobhs, Halt and Walion,
967 64, — Holt, 1%a8e: 8254 8o, 48 91, (%69 194 |90-197, 201-202, 213,
Xironnopirow estulitin . Prangén, a2 360343,

Xironagiton instabilts. Hall {in press).

Type-specimens. - Moore™ original material has been losl, bul in any case, the
types are those of Ells' X orecgonensis by subsequent designation (Helt, m press).
Holotype, LISNM 17639 1aken an Asteens [=fecifustecns lenfuscidns] Slantathensis
(Stimpaon [1837] ) {det. Faxan) ar Fugene, Oregon, hy 1, B Guthberler, October,
1014 (s, |19 230,

Liapiosiz (from Hule, o presst, - “Mediom siced brunchiobdelbids {length ahom
2027 mmp;, segments LY lerele, segments V-1 broadly attened, often
indistinguishable externally; jaws subrectangulur, dental formulae from shour 474
too 11000, teeth often bt not always of unegual length; bursa subspherical 1o
pwriforn; spermicducal gland extending dorsad, bending mesad over bursa, never
extending to opposite body wall| spermatheca clavate, very small.™

Cirve Fevord s, Wagwoner's Cave, Tacowell County, Virgine, on Coinbarns
Bartondi cavasies taken by Tehn R Holsinger, David ©. Culver and Paul Soarr. Augost
19, 1967 APCIHE 23 17), Five specimens.

Mystic Cave, Pendleron County. Wesr Virpini, on Cumebarus hartonil bartonii
Juhin B Hoelsioger, Auvgost 3, 1963 {PCH 17070 Mo specimens kept.

UNIDENTIFIED MATERIAL

As nuted in the mtroduction to thes paper, much of the material T have received
from speleologists was oo badly preserved foc ddentification. Although some
wentifications of both hosts and brasnchiobdellids are questioned (Table 1), there is
relatively little doubt in my mind of the correclness of Lthese identilications. In
order, however, 1o alert Tuture collecears to the ocourrence therein of branchioh-
dellids, the cuves [rom which this onidentified material came, with the ahbre-
viations for the host species are recorded in e lellowing table along with the more
certainly identifisd material. A lisl of host species, with appropoiate ahhreviations,
is presented first 5o that the branchiohdellid identifications. hosl species und caves
iy be presented in tabalar form.
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HOSTS OF CAVE BRANCHIOBDELLIDS

[nitials preceding names are nsed to identily hosts in the following table of castern
cave branchiohdellids and their locolities, Initials in roman type identifies normally
epigesn hosts taken in coves; Lhose i italic type, hosts that are nonmally both
epagean and troglophilic; those in boldface type, hosts regarded as true oroglobites,
Authors and dates of host cambarme species sre taken from Hobbs, 19720 Authors
and dates of asellid specics were furnished by Fleming

Decupods, Astacidae: Canbarinae

(Ub) Chrdaruy (Cambarus ) bartonii A Fahricigs, [T795)
(Chh O fC b bartonnds (Fabricius, 1795).

CCbr) 7 SO B carinirostris Hay, 1914,

(Chv) ) A 0B eanverns Blay, 1902,

(Cel, O Afugicamberus) orvplodvtes Hobbs, 1941
{ChY, O fAvitieambarus ) hanalaries (Cape, |88

1) O fA ) josesi Hobhs & Barr, |96l

(O O (Depressicambares ! Tatimaany {LeConte, 1836),
{CH), ) (Rrehicambanes) lrevis Faxon, 1914,

LG, (Cny. O {Puncticembarus ) nerterie Hobhs, 19604,

[l o). O (Ereblcambarys | tenehrosus Hay, 1902,

12, (Csp), 2 species.

L3, (Oah COrconectes gusirafis supiradis {Rhoades, 1947)
[4, (. O fermey fesod (Ha, 1891,

L5, (0s), Orconectes species — Shelta Cave, Madison Co., Al
16, (Ps). Procombarus species  Simm's Sink, Suwannee Co 1Fa.
17, (Ph). £ Oy ) iorst Hobbs and Means, 1972,
VA, (PO £ ek ) dwcifiepns Jelfigus (Hobbs, 19400

19, (Pa). F {¢r)) wlachue (Hobbs, 1940).

200 (Po), £ {6 ) orcines Hobbs and Means, 1972,

21, (Pp). P (Remoticambams) pecki Hohhs 5T

22, ATm). Troglocambarey macienel (Hobbs, 1942,

230 {Unp. Unidentified, epigean, cambarine cray fish.
lsopoda: Ascllidae

24, {da) Asefiuy alabanensiy (Staffocd, 19015

250 (ds) A Frvgies (Packard | 1871),

26, {Asp) A, apecias.

WTOO0 -d b e e —
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TABLE 1. Caves, Hranchiobhdelhds and Hasts

Branchiohdellid namea with asterisks are those of new species described herein. ‘The
preceding list of hosts gives nat only the abbreviations, in perenthesis, for sach host
spacies, but by the use of diffgrent letler type an indication of the usual habitat of
the host. Question marks Before the name of an animal, branchiobdellid or hose,
indlicales some residual doobt as 1o i1y correct identification, Al materias stulied,
whether identifiable or nol are inchoded,

CAVES BRANCHIOBDELLIYS HOSTYS
Begime | Tennessee Hanoock Co. Faellecdrelees dluriinnius Ll
Cantuel yalley Cave Camharineola fallex
Huncouk Co, Ak vrendeiing fegaens t'h
bairmont Schosl Cave O fatio

Ol delphicus

Sullvan G, Camilririmeat sp. A Ol
Bristel Caverns CleulipnaelFifies 1nac gl
ATFnendrilus fearinsus

Nirmam, Daeewell o £ pvibadelolien s s
Wononer's Cave Yirancgitan instahilis

West YWirmmu, Greenbrer o, O philadelphices Clb

Herele s Cave unidentified
Crreenbirict Ca,, . phifadelplicts (8 H

Buckeye Creck {ve
Lircenbaner Co.. T philadalpheens *en
Lot Cave
il rsan Coesk Svestemd

Lireenter Ca. TR et Ol
lruller’s Cave Tof philedelmhicies
Culverson Creek Svslem)
Lirseniiner o, Uneden usiable Csp
Cronral Tavis Cove
Girvenihrer o, €, phidloctelphicns Cn
Luddinpian’s Cave
Gireenhrier Co,, DL demiisng Cn
Matts Black Cawe T plhiledelphicos
Cirevnbnwer Co.. O R derogra s, Chh
M Langhlin-Linus Cave O philtadelpiiions
L ve raom Orise b Sy wteim)
Cipenbrier Co,, 1 fminaines: Chls
Wi ™ Cavee T philadetphions Chr
Linidentifnable
Mo Co. O phidadedphiic s hh
Frpley Cove
Monree ., DE fallax; Chb
MeClung-Zerith Cove O heteroera i,

YO phitedelpliiin
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CAVES
Menaleiom o,
Mwslic Cove
Pocohontas Co.,
Blue Spring Cave
Pocahanias Coo,
Limaroad Cave
Randolph Co,,
Sinks of Ciandy Cave
Feran 2; Flarida, Alechua Co,
Craal Sink
Alachua Co.,
Squirtel Chimaey
Cilehist Co,
The Bat Hole
Jefterson Ca.,
Big Ehuie Spring
Jackson 7o,
Grarurd s Cave
Leomn {0,

(ak Ridge Blue Sink
[=Gopher Sink)
Manon Ce,
Indian Cave
Suwanee Co.,
Simm’s Sink

Greargia, Precatur Co.,
Clinax Cave

Fepion J: Kentucky, Meade o,

Bip Shacklet Cave
Indiana. Manrae Ca.,
Carmichasl Cave
Muonros Co,
Maviield’s Cave
Monros Co,,
May's Cave
Fgpian 4: Alahama, Jackson Oo
Salt River Cave
Lauderdale Ca.
Koy Cave
Macdison Co,
Shelta & Vo Caves
Midisan 7o,
Shelte (have

Croarpia, Walker Cla,
Llorwing Springs {Tave

PERRY O HOLT

BRAMNCHIOBRDELLILS
£ plaladel phicus:
X Inztahilis
Unifidentifizhla
£ phifadelphices
£ Reterognalines
. padedelpRicus
o ®
2Lt teong®
P feanr®
Unidentifiahle

Unidenntifiahile

O fecrii®

b T
2 fenni®;
Lmdentifiable
Umdentifiable
7 Camharincoly sp B
PO dubius®
* o philedelphicus
£ alienius™
Ol lrines™
T phoelrensi?
Yoel whaltonals®
Uncertain alleclians mixed
P sheltonsis®

PO sheltensis®

Unadentiliable

NOSTE
Chs
Chh
Cleby
Ch

Chs

Fa

Pay

PL X P
P
i
s
a
Cl
1
Th
Ch
o
L

Ip
i

{14
L
Ll
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CAVES RREANCHIOBDILLIDS HIOETS
Kentucky, Bagren (o, Lindentifuzhle Asp
Cnde Cave
Barren O, £ rreeresi® Ma
Lrenarm Gl
Groen O, Umidenrifiahle AR
New! Cave
Tandd o, O greeres® A
CHlover™s Cave
Trigg Cr, Oosterres ™ Aa
Fualer Cave
Teonessee, Franklin Ca,, Loalfenis A
Wor Cave
Hatdin (o, 7. phididelphie s urt
Bowen Cave
Tackson Co £ mgrthee* A
Carkey Cawe
Fermy ., C Jeprradeies ® {1

Buthel Coes

EVOLUTIONARY AND ZOOGEOGRAPHICAL CONSIDERATIONS

It owould be presumplious o attempl 1o add 1o the zodgeographical and
evolutionary  hypotheses udvanced by Thomas O, Barr, Je., his stedeots and
colleaoues, to explain the distribution of cevernicolous animals in eastern North
America. An insuperable difficulty, in my case. i3 the inability, with the data ai
hand, to formulate any plausible scheme of evelutionary relationships within the
penus Cambarineofa, the only one of any inlerest among the Branchiobdellids
reported herein from caves. There are lawo obvious reasons that | can udvance in my
defense: the miasture of characters that are used to define species of the group are
such that o preat deal of parallelism i3 suspectad and | know of the existence of a
large number of ondescribed species within the wenus, Indeed, our paucity of
knowledee of the genus is such that with the exception of three species, | cannot be
aure that any branchiohdeallid is truly troglohitic.

Those thal are parusitic in the broad pouches of female troglobitic isnpods
{Crmbarincoly alfenus, O marihae, O sreevesf and prohahly the Mexican O
acudenteius) may be considered s hosl specilfic and, heoce, as troglobites
Cinrbarincols feoni, as a parasite in the gill chambers of a troglobilic creviish, may
or may not be confined to its troplobitic host: there is no reasan why it may not
oeeur o the pill chambers of epigean hosts of the region, The only facior that
would prevent any branchiobdellid from taking up o cave-dwelling existence 15 the
lack of food on the exterior surfaces of the svailable craviish hosts,

The data fram the branchiohdellids, nonetheless, may be of some interest and
help to the svolutionarily inclined biospeleogists, In order 1o discess these data
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concisely, | have divided the area into four regions (Figure 7). Region 1 is
composed of the upper reaches of the Tennessee River drainage in Yirginia, the
Greenbrier River systemn and part of (he Monongahela drainage in West Yirginia.
Region 2 consists of the upper part of the peninsula of Florida, part of the Ilorida
panhandle and adjacent southern Georgia. Region 3 encircles, but dnes nol include,
the Nashville Basin {northweslern Georgia, northern Alabama, vastern and weslemn
portions of the Highland Rim in Tennessee, a purtion of sonth-ceniral Kentucky)
and s composed of some of the cavernous areas in the Tenncasee River,
Cumberland River and Green River drainages, Reginn 4 includes four caves: one in
the Ohio River drainage in Meade County, Kentucky, and three in the While River
drainage in Monroe County, [Indiana,

Region 1 s of litlle interest. Though cne craylish (Cionbarus {Putescticanharns |
nerterius) is endemic to the Greenbrier drainage (Hobbs, [972) and s known only
from caves, it s at best a troplophile, and all the identifiable branchiohdellids are
well known epigean forms and can be considered only as trogloxenes. Tt may,
perhaps, supporl what has been said above about the “preadaptations™ of
branchiohdellids, thal the most commen species of castern hranchichdellids,
tambarincols philadelphicus, is found associated with three of the four records |
have of € (P nerteries. The other record of o branchiobdellid tuken on this
crayfish is the rare, and perhaps gill inhabitant, Curtbarincola demissus. The other
cravfish and all of the identifiable branchiohdellids of Region 1 are known epigean
species and must be regarded as trogloxenes {Table 1),

Region 2 is inhabited by at leust five endemic troglobitie cray{ishes., Thne
branchiobdellid, Cambarinenls feoni, 15 associated with four of these hosts (Tahle
13, The questionable identifications ol C. feovf are hased on the distinetive jaw
structures of this species and may he provisionally sccepled as correct. Unflor-
tunately, there is at least one other species of hranchichdellids found on Floridian
troglobitic cravfishes and at lhis time there is no way of determining whether il
represents one of the recently treated epigean species ol Florida (Holt, in press k)
or indeed whether there is more than one species imvalved,

In teality, Region 3 should be confined Lo the three caves in Monroe County,
Indiana, from which | have material, but the Meade County, Kentucky, record 15 of
an unidentifiable warm which is probably a member of the epigean launa of the
region and the same may be true of {ombarineola dubits and is certainly so of the
presence of O philadelphicus, or a very closely related species, or vanant, ol the
latter, in Carmichael Cave. One of the hosts, Qroorecros inermiy festil s troglobitic;
the other, Cambarus laevi is u troglophile found also in epigean waters, The
non-specificity of branchiobdellids in their chaice of hosts is emphasized again by
the occutrence of € dubins on both of these eravfishes (Horlen H. Hobhs HI kept
his collections of ceayfish separated by species. so this statement cannol be
questioned). The ¢losest relative of € dubius, appeurs to be C fallay {sec above).

| can make only ane point in reference to Regions 1 and 3: they hoth, though
inhabited by troglobitic crayfishes, have no branchiohdellids that can he considersd
unambiguously as such. € dubis may be, but its general fucies is of an epigean,
non-gill inhabiting wonn and there are no identifiable species from Region | that
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Fig. 7. Distributian of castern Morth American caves in which branchiobdellids have heen
fonnd,
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are nol koown as epigean fonms, The unidentified malerial is most likely, on the
hasiz of appearance, composed ol the same species as those which can be identified,
The basis for this pallern of distabution, | wanld suggest, lies in the elfects of the
Pleistocene glaciations {Region 3 was possibly covered by ice one or more times
during the Pleistocene and Region | lies so close to the southern border ol the
Wisconsio glaciation and is at such an elevation thal une can reasanahly assume the
Plelslocene extirpation of its emgesn branchiobdellid fauna and a subsequent
reinvasion of the areal and a slower tate of evolution, at least an apparently slower
rate as determmnined by detectable marphological changes, of the branchiohdellids
than that of their hosts. There may be other ressans, e g, the influence of the times
of orgin of the caves concerned, and the preadaptations of hranchiobdellids Lo life
it caves, but | must leave the matter with these speeulations.

Region 4, however, presents a different story, The branchiohdellids from the
brood pouches of troglohitic isopods, Comtbarineola aliens, OO marthae and O
sreevest, are almost surely towe troglabites confined {o their special microhabditat on
their hosts. One possibly new member of this group is an uniden lified worm ltom
Asellug stvgiur (Packard, 1571 from the Newt Cave, Green County, Kentucky . The
others, ranging from southeentral Tennessee 1o soulhcentral Kentueky are from
Aselluy alabamensis. The students of evolutionary biospeleclopy muy wish o
consider this. But, though these branchinhdellids are superficially similar, | would
suggest that they are derved from relatively primitive separale epigean ancesions
{see Lhe discussion of the affinities of these species above),

Two new species from troglohitic and troglophilic crayiish hosts ocewrs in this
region. Combarineole sheftensis i konown with certainty only from the 1vpe
locality, but it, or & species now indistinguishable from it, cccurs in ut least two
other caves an possibly as many as five troglobitic or troglophilic hosts (Tahle )
sheltensis is supecficially much like the isopod inhabiling species, bur there is no
geod resson to believe that il is descended from the ancestral stock of uny of the
latter species. The possibilitics of convergenee in adaptation to what most be rather
sirnilar ecological niches and the difficulties of forroulating phylogenetic hypotheses
for the members of the genus Crebarineode (see ubove) negate the postulation of
any such phylogenetic relation.

The other new cave dwelling hranchiobdellid, Combarineods fepladens, whose
host iy the troglophilic Combarus tenebrosiy, though a distinelive species, may have
as its closest relalives geopraphically distant species, C dermissis, from the Valley
and Rudpe Provinee of the Appalachians, or a Mesoamerican species (see above). [
is quite likely o troglophile, perhaps only a troglexene, and the possibility that the
single known Iecality, Bethel Cave, Perry County, Teunessce, for it repiesents one
of a lew populations of 2 mostly epigean localized und pomilive species is guite
real. One cannol know at this time,

There are probably teo true troglobitic brunchiohdellids known from obligate
cave crayfishes, Cambarineola feoni and C sheltensis and possibly, but much less
likely, two others € depradenuy and O dwbies, both knowo primarily from
troglophilic hests, Three branchiobdellids are alrost certainly obligate inhabitants
af the hrond pouches of troglobilic isopods. All seven are mamhers of a single
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geous, all appear to be in one way ar another primitive within this genus; no
consistent scheme of evolutionary or zadpeographical relutionships can be propossd
foor them.

SUMMARY

Branchiobdellids are found as epizeites on crustaceans of the orders liopoda and
Decapoda (camhbarine crayfishes) in caves of castern Morth America. Species that
may he considered us troglobites, since they are nut known from epigean waters,
appear to be confirmed o truly troglobitic isopods and possibly a few troglobilic
crayfishes from Flooda and the Tennessee-Kentucky Highland Rim cave helt. The
majority of the records of branchiobdellids from caves are ol representatives of
commen epipean forms epizoitic oo crayfishes, Cross-referenced lisls of branchioh-
dellids, their hosts and cave lncalities wre presented. Same of the new specics
described are apparently lroglobitic or troglaphilic, but they present no consistent
phvlogenetic ar geographical pattern and separate origins for them fram promitive
stocks of the genus Gambarinesda are postulated,

RESLUME

Duns des groties de 'Est de FAmérique du nord, an trouve des Branchiobdellides
épizoiles de Crustacds appartenant sux orders des opodes et des Décapodus
[Ecrevisses Combarinegs). BEspéces qoi, pouvant élre considérées comme troglobics
puizguinconnoes des eaux épipses, semblent Etre limitées aux lsopodes wéritable
ment troglobics of peut-Stre 3 guelques éerevisses hypogdes de Floride of de Ja
ceinture de grotles de la bordure montagneuse du Tennessee et do Kenlucky. La
plupart des observations sur les Branchiohdelles sonl faites sur des représentants de
formes cpigées communes CGpicoifes d¥crevisse. Des listes annotées de ces
Branchiokdelles somt présentées, aves indication de leurs hiles et de Nemplacement
des grotees, Toutes, oo diu moing la plupart, des nonvelled espéees décrites sont
gpparemment troglobies ou troglophiles, mais elles ne présentenl gucune unité
phylogénétique o géagraphique: ausi Faul-il envizager pour elles des ongines
distincles 4 partir de lignées primitives du genre Combarineods.
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