A Preliminary Study on the Eftects of Organie Pollution
of Banners Corner Cave, Yirginia

Py Jdons 16 Horsiscen!y

Wik 2 figures (i the texs

Banners Corner Cave®) waz explored by the writer and a small party
of apeleologists on Nevember 23, 1561, The ecave is located in the
village of Banners Corner, Hussell Counly, Vieginia, and is well known
Lo residents of that area’

Initial exploralion resulted in the dizeovery of an exceedingly large
population (by hypegean slandards) of planavians, Phageeate snb-
terraned Hyman® and isepods, Asellus recareatus Sleeves. Both species
were ohserved in a number of amall poolz within the first 150 melers
of the cave, A second significant. observalion was that the pools
oecupied by theae animals appeared to be conlaminated by a brown,
sludge-like material. Thiz material was tentatively identified as sewape
and the identification was later verified when examination of the
teerain above the cave revealed & number of houses with zoptic tanks
lncated dirnetly over the cave pussages below,

Biological exploration of ather Appalachian caves previous to this
time had revealed a number of populations of teoglobitic sopods
{Asellus recurvatns, Ao priced Levi, and A, pechardsonae Hay) and trog-
lobitic planarians (8 phelloplana cirginiona Hyman), bul none of these
populations approached the size of those in Banners Corner Cave, Tt
appeared probable thot a trophie relationship existed hetween the
influx of sewage and the larger number of agqualic cavernieoles which
inhabited the panls. Although sibuations comparable Lo Lhe one m
Banners Corner Cave probably exizt elsewhere, none appear to have
reported. While 1t bas been estabilished that the size of cavernienle
populations in the aphotie zone of coves is olten inflnenced Lo a large
extent by the amount of available fnod {Husson, 19625 Poulson, 1964),
few quantitalive or carrelative data are available,

N Lept. of Zoology and Institute of Speleclogy, Universily of Wentueky,
Lexingdon, 115, A,

B This cave 15 wlse known as Rock Wowse Cave and Big Bpeing Uave,

¥ Determination by Lo HL Hyman, There was only one sexually inalure
worm in L goalerial identifil by D Hyman, and a confiemation of this
determination based on additionol specimens would be desirahla,
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Methods and Materials

Six wisits, ineluding the one already mentioned, were made Lo
Banners Corner Cave between Novemnber 23, 1961, and February 29,
1964, The firsl five trips consisted chiefly of recording a number of
general nhservations, 0o the sixth trip (Febouare, 1964) water zamples
werr cnllected and anulyeed, population eounts were made, and a
preliminuey misrobinlegical study was initated.

Free oxygen concentration was detenuined by the Alsterberg (azide)
mndificatiom of the Winkler method; ehloride content was daterminnd
by the silver nitrate titralion method; and tofal alkalinity was deter-
mined by the methyl orange indizalor method. Hydregen lon con-
cemtration was oblained with the use of pH meler.

PFopulation densilies (Tor isopoda) were oblained by counting all
individualz in a given pool and dividing this nwober by the number
ol square meters in that particular pool, A few animals eacoped being
conunted beeause of Lheir eoncealment nnder rocks, bot siner all counts
were made in the sone manner, a relationship in e number of animals
bBelwesn difforent poels wis oblained,

The presence of eoliform bacteria was detected in aecordance with
the Standard Presumptive Test deseribed by Lhe American Public
Health Assovintion (19G0%, The prezence of olher Lypes of hacteria
was detocted by ineunboting (ubes of nuteient broth (1% dextrosze)
which bad been inoculated with posl waler and associated sediments,

On Barch 1, 1964, tests similar to those diseussed above were made
on a ponl in Chadwell’s Cave, Clathorne County, Tenneszee. This cave
alao eontaing populationz of isapeds (d. recvrestns) and planarians
(S phallopleng sp), but both forms ocene Mees in much less abundance
than in Banners Corner, The water in Chadwell’s Cave is not visibly
polluted, and in view of the fact that this cave conlaing the same
isopod species as Banners Corner Cave it was Telt thal the data ob-
tained Trom theee would Le vseful for compurative purposes.
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Physical Teseription

Banners Corner Cave is exeavated in the Maryville limestone of
Cambrian age, and ils development appears to have been primarily
joint enntrolled under essentially phreatic conditions, The cave is
situaled in strata which strile I 707 B and dip to the soulbowest at
approxmately 23 degrees. More than 300 meters of passage have been
explored and althongh much more i3 rumored to exist, the skelch
map (Fig. 1) represents the limits of the cuve presently koown to the
wriker,
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Fig 1. Sketeh map of Banners Corner Cave from a compass and pace suevey
by I R Tlolsinger and J, B Cooper, Novermber 30, 1961, Pools are ndicaled
Ly numliereg, Broken lines indicate conjeclured poassogre.

A wedium-gized surface stream sinks wlo the ground about 70 me-
ters in front of Lhe entrance bul does nob appear in the cave until
the siphion (see Fig, 1) 18 reached at the end of the main passage. Four
poels (indicated in Fig. 1) are found bebween the entranee and the
siphon, but Lheir somree of waler iz from seepage rather than from a
streain, Sinee these four pools woere the center of atiention during this
study they will be deacribed in some delail.

Paol 1 12 4 shallow (5.0-7.5 centimeters deep) rock basin situated in
a slight reeess off Lhe main passage and is about 1.3 meters above the
level of the passage. Pool 1, as well as Pool 4, i located on the first or
upper level of the eave. The pool measures 1 meter by 2 mneters and
contains a mud hottom at one end and a rocle holbom at the olher, Tt
is fed by a seep from a eeiling crevice which zends water downward
in the form of a film extending about 3 melers along o Nowstone wall
adjacent Lo Lhe basin. The mud bottom of this pool is aclually a
combination of sewage particles and silt.

Pool 2 s anmewhal larger than Pool 1 and mensures 7 meters in
length but varies in width [rom 1 meter ok one end to 2.5 centimetors
ab the other. IL varies in depth from 15 centimeders in the cenler to
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20 centirneters along the edges. The aouree of water for Pool 2 05 a
combinution of a slow spill-over from Pool 4a (located about 3 meters
above i at the wide end) and o film of water which i1 fed from a
separate source an Lhe wpper level. The hotbon of this pool iz covered,
Ll nob woiformly, by sewage particles and inorganie sill, The sub-
shrate below the 2ediments is mnostly small eorks and assorled gravels.
Pl 3 12 a shallow Basin in the clay fane along one side of the cave
passage, Ths lewvel of water varies in depth with seasonal ruinoll, No
sewage hus been noted in this pool although it i partially filled with
vegetable debris which acenmulates theve after flooding. [1s souree of
waler duving nornal esmditions is a slow seep from a wall erevies.
ool 4 e divided into two smaller pools by o series of small rimstons
dams which incompletely sepurate the twn hodies of waler. The upper
portien of the pool (designated 4h) is the larger of the two divisions
(1 by 3 meters) and appears to he fed by uncontaminated water from
a wall seep, The lowar portion (designated 4a) measures 125 centi-
meters in diameter and receives as its main souree of water a polluted
seep from Lhe adjucent paszage wall, To a lesser extent Pool 4a s fed
by a slow spill-over from ool 4b. Fool 4a is ahout 7.5 centimeters
deep al ils center and ils botlom s covered by an aceumulatinn of
gill and sewage parlicles. Pool 4 is comparatively free of sewage
{although somne apparently gels into its lower end through back-up
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Fig. 2. Batranee b Banners Corner Cave, Russell County, Vieginin. The main
cave passage extends booa poink somewhers henealll the schoal building
shown in the background. (Photograph by the aulbioe)
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from Ga), and ibs betton iz composed Japgely of =0t and small parlicles
of vepelable material.

A weneral wlew of Lhe surface Featuees above Banners Corner Cave
can he obtained by reference Lo Figuee 20 Twe sehool huildings were
eonstrueted on the Bill above the cove o 194859, and in TS0 (or shoet]y
thereafler) nine honses were huile less than 300 melers in Teant of the
selionl. Peraonal communicalion with loeal residenls indieales that
each of the nine hovses 35 provided wilh a septic tank nod thal two
udditionad Lanks are utilized by the schaol, AL least three and poasibily
fonr of the seplic lanks are located in zuch a position on the bill that
the effluent from their overllow pipes can pass withool diffienlty
dovwnward alimg bredding planes to Che point of intersection of the
eave pussages below, The estimated vertical distanee feam Lhe Lanks
to the cave passages is botween 13 and Ui meters,

The exact composition of the sewage offlurnt @ ool knowno exeept
thal il appears as a brown walery Glooon the eave walls, and where
it acenoimlates o lhe pools it forms o beown cesidoe on the hotbon,
The econtaminated pools contain a geeat deal of celloidal matevial
which remaing suspended in Lhe water ag small, aworphous eluslers.
In a properly Tunetioning seplic tunk wosk of the Tieavier material
acedmtlates: on the botlom as sludge and the lighter collowdal particles
pass Lo the top and ace emitled theoogl the gverllow pipe o the
surrounding grovnd. 14 is apparently overllow material which makes
up the largesl pereentage of the sewage Lhal seeps into the casve pools,

Micrnseopis eximinalion of the residual sedimeats from the bolbom
of Pools 2 and 4a indicabe thal its compasition iz about 75 per cont.
inorganie silt and elay particles und about 25 per cent organic detritus,

(hzervations
Mavroorganisms

The wost sbundant animal speeies in the cove over a 25 maenth
period was Adsellns recereatus, a troglobite whiclh inhabils all foue
pools. Phogecata subterranse was also sbundant iv the cave pools but
only in Pool 48 was this species found o exeeed Lo pecirvatus in
numbers of Individuals, A Tew specimens of an carthworm, Eiseniella
fetraedra (Savignv], were nobed on each visit ol Lthis species appeared
to be pesteieled inits distribution io the cave Lo water films associated
with Pool 1. Beveral dense elosters of Pubdifer tebder (d0ller) were
observed in the mud subsleate of Tools 1oand 4a in Apol, 1963 In
February, 1964, colonies of 2. twddfer wers very numerous i bolh
Pool 2 and FPoul 44,
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Fowr o five specimens of lhe spring salamander, Gyrinophilus
porpdyridiens (Green), were found in Pool 2 0 November, 13615 and
in April, 1962, three adults, including one gravid female, were again
noted in this poel. Only one speelmen was observed there in August,
L2, and subsequent Lo that time noe Gyrinophedus were seen in the
cave,

An exact eonnt of the mimber of jsopods in Pool 1 was not made
bt population size was noled Lo decrease between November, 1961,
and April, 1962, Subsequent to that fime, however, their numbers
appeared to remain about the same. The number of l2opodz in Pool 2
seemed to inercase slightly from November, THE1, to Auguost, 1962,
and then remain constant through June, 1963, until a substanlial
decrease was noted in February, 1964, On the laller dale a total count
of the isopodz in Pool 2 waz made und population density was com-
puted o be approximately 35.0/m.2 The deereaze in numbers of ani-
mals betwoen June, 1063, and Frbruary, 1964, could not be caleuluted
Betause counting waz not begun until the latter date,

Pool i was not discovered undi]l April, 1063, and at this time only g
few izopads woere noted, By February, 1964, the number of isopods
had inereased appreciably and morve than 30 animals were connted.

Asin Pool 2 the wial number of jsopods in Pool 4a decreasad from
June, 1963, to Feleuary, 1964, The population in Pool 41 appeared
to pemnain relalively constuntl, however. Total eounts were made in
both pools in Febroary, 1964, and population densities were computed
to be 25.00m.2 in ool da and 6092 in Pool 4b.

A count of the isopods in Chadwell's Cave on March 1, 1964, indi-
cated o population densily of enly G.0/m2®, substantially lower thun
inany of Lhe Bunnees Corner Cave pools, The number of Hatworms
was loss than the number of sopods and only about six woring were
ohaprved, The pool in Chadwell's Cave is slightly different than those
i Banoers Corner since it s Ted by a slowly moving stream and hasz
very little bottom sediment. Az far as can be determined sewage does
net enter this cave, and the amount of organic material in the pool is
small in comparisun with that in the Banners Corner Cave pools, In
Lepins of the types and abundance of arquatic fauoa, Chadwell's Cave
approaches what could be termed a Lypical central Appalachian cave,

Flatworm populatiens appeared to fluctuate in size moere than the
isupod populations in Banners Corner Cave during the period of
nhaervation. T4 should be noted, however, that planarians frequently
burrow into Lhe mud substrate and an accurate gstimale of population
sizee 13 often impnssible.
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The lurgest nomber of flatwoenz in Pool 1 was observed in No-
vember, P10 By Apeil, 1902, their numbers had deereased ronghly
in praportion o the decrease in number of sopads already noted fop
this pool, An cslimabed population zize on Ahis dale was belween 25
and 30 mdividunls. In June, 1963, only two specimens were observed,
hut in February, 1964, the numwmber of worms had inereazod bo the
April, 1962 Tavel.

In Pool 2 there was a marked decrease in the nomber of Datworms
feom Novernbwer, F9GT, to Apeil, 1962, and in Juae, 1953, no flatwaorms
were fonund i this pool, Tn Feliewary, 1964, howeser, the aumber of
planarians had inereased marckedly and animals were in grealer abun-
danee than on any provious visib, The nomber of Oatworms i Pool 2
on Lhe latter visit was roughly equal to Lhe number of isopods.

When Pool 3 was [rst discoversd in Apeil, 1953, it contained a
relatively large number of planarians, but in Juge, 1963, no planarians,
eould e found, and in Felrare, 1964, only a few odividuals were
nutedl. This deevease in the number of latworms appeared to eoineide
with the inerease in Ll nmomber of isapods.

There waz a slight increaze in the number of falworms in Pool du
pver Lhe 28 month peeiod, bat in Paol &b the nomber of flabweros
remained comparalively constant,

Miveoorranisms

The presepee of coliform baclerin in Poolz 2, 44, and &b was eon-
firened at the end of & 24 hour ineubation pericd, Tules of notrient
hrodh (105 dextrase] were also inoculated with water Trom Uese three
ponls and witlin 24 hours of ineubation samples feom Pools 2 and 4a
showed abundant Bacterial groth. The inoeulated tules from Tool Sh
showed only moderale geowth ot Ahe end of 24 Lours of nenbation,
Mo altempt was made o delermine the types of ornumbers of bacteria
present in Lhese cultures,

An abundaner of esliform bactoria would hie expected in waler
rontaminated by lman pollolion sueh s that o Banners Corner
Cave, Further, waler rich in organic deiritus and presumahly in
nitrogenous content would be expeeted to sustain the growth of a
Large number of different Einds of sapeophyiic bacteria,

Water from the stream pool o Chadwell's Cave was also positive
for ealiform bucteria, but this is interpreted as heing the result of
seepage from o nearby harmyaed ralher than from human sources.
Bacterial growth on nufrient Lreoth inoculated from this pool was
maderate afler 24 hours of ineubation. Water in Chadwell’s Cave is
elear and shows no indication of sewage, and although Lhe amount of
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bacleria actually present o the water 5 unknown it iz peobably no
more than would be expecled inoany other sewage-fres cave,

Table iz a list of microfanna identified Trom Poolz 2 and 40 in
Banners Corner Cave. The most abundant member of the miceafanina
was Haramecinm mdoromadtineeleaiiom Powors and Mitehell, specinens
of which were very numerous in a one liter somple, Spirostomiem
amfigrem (2) Wahl was also numeronz in the sample as well as an
unidenlified, free swinuoing rolifer belonging te the order Ploima. The
remainder of the material lsted in Table 1 was presenl inomoel less
abundanee. [t s significant to compare the great diversily and aboan-
dance of microfanna in the contaminaled pools of Banners Corner
Cave wilh Lthe relatively scarce nuceafauna in pools of comparable
size in caves nok alfected by sewage ol For exaonple, water ssanples
taken feam “sheimp pools™ in Mammmoth Cave, Kentueky (7O Barr,
Jroand BoA Wuehne, pees. comm,) were not nearly az well populalaed
with wicrooreanisins as the sample from Banoers Coroer Cave.

Table 1

List af the macrofauna from a 1 hter sample of water from Pool 2 andd
Fanol da, Bannees Corner Cave, Bussel]l County, Vieginia. Febroary 29 1964

PRGTOLCA GANTRGTRICH A — unidenLified
fl’r:.f'.'mlr.'mr:m .u:u.".r'r;.*r?zr.:l'.!mf;n‘r.'rrfum* N EMATODA
Spdrasterg i apdigumm (71F
Astactio 5 )
Ciliates — unidentified LR e R 6 A Y
Flugellates — uniden Lified Paranaes 5p.— 1 specimen

P HEMATODA Aealosoma hereprichd — 1 specinen

Brhatalificlas — & specimens |2 laevae)

ey ACARTN A
ROTIFERA Hydrachnellac
Ploima=

* Yery abundant in sample.

Physicochemical Analysis

Cormpirison of physicaochemical data Teorn DBanoers Corper Cuve
{Table 2) with that from Chadwell’s Cave and Mamemoth Cave CTable )
indicates thal pH, total alkalinily, and Lemperatiee are zimilar in Lhe
three caves during the winter,
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The most sigonificant values were obtained for ehlovide content anrd
oxvgen coneentration, High ehloride content values sueh as 900 me .
for Paol da and 140 mgdl for Pool 2 ace mlerpreled as burther
evidence for zewage conlamination of theze pools (see Amarican 'ablic
Health Sorviee, 19640, Pool &b, relatively free of visible sewage, had
Lhe same chlovide content (2.0 mg L) as the stream pool in Chadwell's
Cave.

The small amouvnl of dissolved oxygen in Poal 2 s believed to be
worellection of a high biochemical oxyeen domand (BOT) and 15 not
surprising in view of the Targe amoont of organie mulerial [ound in
the water and oo the bollom substrate, The depletion of Jree gxvgen
from polluted aguatic hobilals by oxidation of erganic wastes and
through respiratory demands by microorganisms is well known,

In contyast ta Poal 2, the amount of disselved oxvgen in Pool 45
appears muoch higher and compares with the value obtained from the
pocl in Cludwell’s Cave. Similarly, both of these valies fall wilhin
the range recorded for a number of pools and streams in Manunoth
Cave. Oxygen tensinn was ool determined in Pool 4a but in view of
its high degree of visible pollution, the value there would prohally be
compirable to Lhe one obtained from Pool 2,

Takle 2

Analysis of pool water, Bunners Corner Gave, Russell Counly, Vieginia
Febewary 249, 144

Chlotide | Oxygen | Alkalinily 1 Water
roge 1 e 1. /1, ! Temperaloee
ool 42 14,0 doa IESTRL T4 T
Pool 4 %a 9.0 1hE.I T —
*ool 4 ah Y] =2 | latn 7.2
Table 3

Analysis of water, Chadwell's Cave, Claiborne Coundy, Tennesser {sleeam
pool, March 1, 1964 aml Mammath Cave, Edmonson County, Kentucky
[range in valoes from three arens, November, 1951-Xovemboer, 1962

|{ZI|].;:-E+I{=’ Crxvgen | Alkalinity o1l Water
g/l gl | mg./l. | Temperature

4.0 ‘ 10.0 ‘ 1040 ‘ 78 ‘ PRI

Chadwells Cuve

Mammoth Cave® T3 126 | AGO=100, 0] 7.3-8.1 | e C-15.670

* Unpublished data feean [ AL Waelme {pers, comm, ),
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THseussion

A nmmpber of interesting Leaphic relationships are indicated by the
Torroing shservations amd data, The bazie teoplie input in the polbnt-
ol eave |rm‘||ﬁ iz apparently in the Toem of 531.\':u_g4_'-;155|1{:ieil.s_e(l, L\r'g.nnil_:
walerial whicl probably serves as Lhe chiof nutrient mediom lor the
growlh of an abundanl baclerinl flora. Larger micronrganizms such
as protogsans, rolifers, and gastrotrichs, prolably feed on particulate
organte matler az well as on Lhe haclera themselves, Moreover, bac-
tiertal decomposition products resulling from the metabolie brealkdown
of nitrogenous cotmpounds nndoubtedly eontribute corbain ingreedients
which are utilized by a number of the organisms living in the ponls.
Coliforms, although only aceidental Lo the cave waler, mighl also,
when present in laege munbers, supplement the foed 2upply of larger
OEEATIRITNE.

sinee mare obaervations have been made on Lle macroseopie aqualic
furmes 1o Lhe cave e relationships and trophic responses are betber
known. Seplenzon (1930) discuzsed the feeding habitz ol tnbifex
wormns ineaewage and indicated thal these orgumismes dertve puleition
from bacleria and dead orgapie jwaller, The asaociation of Feldfer
frlifer wilh walers very low i free oxyvegen wasg noled by Stephenzon
(L930) and more recently reviewed by Pennak (1953, Tn addition 1o
Lhe faet Lhal babafes sworms aee Dacteria- and oegunic-delribus-looders
in Ll cave pools Chey might also o buen seeve as Food Tor 8, sefderri-
peer Llyman §1951) has pointed out that annelidz az well a2 eotifers,
copepods and ofher 2mall metazoans ave favorile planarian foods. Iy
s unforbunate, however, Bl anost of one availuble information on
plinarian food preferences hag come from laboratory sladies eather
than Trom ohservations in thie natueal hahitats of theze aninmalz. This
s especially Lene of cavernicolous Jatworms where oven luboralory
bservations are almost wholly lacking, Hyman (19510 has also indi-
cated that larwer flatworms fred nnoisopods and earthworms, among
nther things, but i this sitnation oecurs in the pools of Hanners
Corner Cave b has nol yel been ohserved, Clise and Blair (1937 in
i brief disenssion of the ccology of Sorocelis americane Hyman, a
dendrocorelid eave planarian of the western Oeark pegion, noted evi-
denee of This apecies Teoding on cave dsopods o Bal Cove, Adare
Counly, Oklahoma, Their evidence, however, appears to be rather
frageoentary and Mehr and Dearelf {ser Hyman, 30, who visited
thiz eave saometime later, were unable Lo make a zubslantiating ob-
servalion. According to Haeman (L939), Mobr reported (o personal
commumicalion) “thousnnds™ of 8 emericane on a hat guano deposit
in the stream of Bat Cave but apparently could find no evidence that
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these Natworms wore preducenus on the zopods thal also oeenr in the
slecant, While it is Leua thal planarians are frequently associated with
isopods in cave pools (Holsinger, 1063u), both of these forins seem 1o
“n their own way™ in Banoers Corner Cave and neither of those
species {wilh the passible exception of Paal 2] appears Lo oceupy Lhe
same area of the given pool whicl they inhabit. This may mvalve
sulistrate preference rather than mutual exclusion and will be dis-
eugan] more tharoughly below,

O Lhe basis of the limited available evidenee, it appears mora
likely that cave plunavians feed on feeal material and other OTganie
ditritus, rather Lhan cave isapeds. This opinmn is fuelher anhslan-
Liled when one eonsiders that perhaps Lhe two largest. population:
of cave planariuns yvel recorded in North America {Banners Corner
Cave, Va.and Bat Cave, Okla.) weer in poals conlaining large deposils
of feeal wastes, In Saula Cave, Jackson Counly, Alabama, a lorege
population of Sphallaplesa alebemensis Hyman, approximalely lweo-
thirdz the size of the one in Peal da ol Bunnees Corner Gave, was
phservod inoa rimstone pool where large aoiounts of decaying il
had secwmuloted, Whether Qatworme actually feed o the organie
particulate maller or are only predaceons on the smaller organisms
sueh as protozoans, rolifers, ete. which alse oceur in ponls where this
malerial is present iz debatable, One may speculale thal cave Hat-
wormns are able to ineoeporate both Lepes of food inlo theie diet.

The feeding habits and fond preference of aquatic cave isopods aee
little better known thun those of eave planurians, Marshall and Orr
(1960 {ndicaled that isopods in general are omnivorous but apparently
this reference was based mostly on the habits of marine species.
Pennak (1953 in a diseussion on the ceology of American fresh water
isapods {Aszellidar) referred o this group as seavengers, and Ponlzon
(10647 stated that pave izopods cut only dead organie matler in natuee
although epigean [orms may alse eat live organie matter. Similarly,
the writer {Holsinger, 1963 b has noted asellid sopods feeding on frog
and Liad rareasses in several Appalachian caves. Most of the available
evidenee o Lhe sulijoct of Tood profeconees and feeding habits of cava
isapods appears Lo suggest that these animals are generally organie
detritus feeders. The large amonnt of organic malerial in the pools of
Danners Corner Cave eoull seeaunt for (e abundant isopad Taumi.

Lewered axygen tension in Pool 2 and probably alse in Fool L and
4a has a tendeney Lo he g limiting factor in the distribution of isopods
in theze pools. In Poel 1, isopods, with very few exceplinns, roncen-
trale towaesd thie end of the pool with the rock substrabe and in the
shallowrr water, They are usnally as abundant in the nearby walee-
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filrs as in the shallow end of the poal. [zopods were also found an the
rocky Boltomed portions of Pool 2 in the shallow areas near Lhe edge,
but in Pool &b these animals reach their grealesl concentration toward
the center of the pool where Lthe aubsteate iz composed laegely of silt.
Pool 41, hewever, in contrast to pools 2 and 4ais relatively unpolluled
and as previously mentioned it has an oxygen lension of 102 mg 1,
teompared to only 28 me 1 for Pool 2}, The organic malerial on the
bottem of Pool 4b, while present in large amounis, is eszentially
vegelable debris and not sewage, Tn Pool 2, also belioved Lo be un-
polluted, Tsopods are disteibuted al roodom over the boitom sub-
strate, there being no apparent lendeney for these animals to eon-
gregale n shallower areas. 1t is reasonable to assume thal oxyeen
tensions are probably slightly higher in Lhe waler lilins and shallow
arcas of the polluted pools than 1o the deeper waters near their conter.
To whal extenl A, recoreaties con tolerate lowered oxvigen tension s
unknown, but the observed tendeney on the part of Lhis species Lo
migrate to and amrregale mnoareus where dissolved oxyveen concens
trations apre presumably higher appenrs to be significant. Additional
data are needed, however, before any eritical oxveen tension Hmits
fur isopod distribution in these pools can be established,

Diztributional palterns of Tutworms in the cave pools appear 4o be
somewhal different than thoze noted forisopods. In Pool 1 and ool da
planarians exhibited a tendeney to coneentrate in deeper waler near
Lhe center, In Pool 2, however, there was o grealer aggregation of
flatwormz along the edges in shallow water than in the eentee. The
preference of these animals for a mud substrate rich in oeganic residoe
miight aceount for their disteibutional behavior in Pools 1 and Ga, bhut
it seams to have little bearing in Pool 20 Purthennore, what eftect (if
any) lowered oxygen tension haz on the disteibution of the flatworm
populalions must await additional and more ceitieal obsepvutions,

The spring salamander, 5. porplugeiticns, did not appear Lo be abun-
dant in the cave al any Lime but the fact that thiz species was ob-
served b feed on fY sadlerranea?) indicates that, when present, it may
exert considerable predatinon pressure on the Natworms. In addition,
the carnivoronz habits of this salamunder male it at least o potential
predator on A recurvoties, bul whether or not it actually feeds on this
species 0 nalure 18 nol lnown,

Conclnsions
1 Four pouls were obaoeved in Banners Corner Cave, Russell Gounty,
Wirginia, over a 28 monlh period e November, 19681 to Febeaary,

Y Observation by J. B Cooper on November 50, 1961,
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1964, Three of these pools were visibly polluted with seplic tank
ellucnt whicl seeps into the cave from Lhe ground above, and ab one
time or another during the obzervativoal period all of these pools
vontained large populations of flatworms ( Phagecatie sefterraneca) and
iznpods (Asellns recureatig).

2 Appreciable changes in the population denzities of bolh sopods
and fatworms were noted over the 25 month period but attewpls to
correlate thear changes with either physical parameters or bivtie
faclors wers nnt made,

4. Fhysicachemical data from Pool 2 indieated thal s chloride
eontent was very high but that its oxygen tension was very low, Hoth
of these values were inlerpreted as evidence of sewage pollution. The
low oxveen content of this pool 1s believed to be o result of high BOD
which is usually eharacterizstio of pools polluted with orgunie sewage.
Panl 41, which appeared to be relatively unpolluted, had an oxygen
tension and a chloride content comparable 1o those found in two
caves presumably not affeeted by sewage effluent.

4. Mieroseopie examination of Lhe water from Pool 2 and Sa re-
vealed a large amount of suspended organic material and a compara-
tively large microfauna, especially vich in protozoans and rotifers,
Bacteriologieal analysiz of the waler feom Ponls 2, 4a, and 4h indi.
eated an aliundance of coliforms and other bacteria {probably sapro-
phytic} althoogh the latter were less abundant in Paol 4 b where liltle
evidence of pollutisn exists,

B, The influx and acenmulalion of sewage rich in organie matter is
bielioved Lo be the bazie teophic inpob o the contaminaled pools of
Banners Corner Cave, T iz further suggested Lhat this material serves
as a rich food =ouree for suprophytic bacterin as well az for much of
the aguolic fauna, including both micro- and maeroforms, Trophie
relativmships between the lavger agqualie [opms were disenssed but few
definitive conclusions can be reached at this time, Gyrinopkilus por-
phyricrens, when prezent in Lhe eave pools, may be predacesus on
Natworms,

B, The unvsual situation in Baoners Corner Cave not only offers
the apportunity Lo study the influenee of sewage pollution on a [resh-
water habitat but, probably of even more noportance, it offera an
pxcellent chanee Lo gain forther insight into the fittle knewn teophic
dynamics of the suliterranean aquatic enviconment.
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EUMMARY

Fouwr pools were obsepved in Banners Corner Cave, Rossell County,
Wirginia, vver o 28 month pericd feom November, 1061, lo February, 1964,
Three af Lhese pools wers visibly polluted with zewaze which hod sonped
inbo A cave Tromn septic lanks loeated on the Bill above, A foar of Lwse
pucls al one time or another doring e study, conlained Llarge populations
af planariang, Phagerate switerraneae Hyman and zopods, Asellus rectreatus
Blevyves,

Phyaicnchemical and micrebiological analyses of the pool waloes odiculid
Lt pxyiren tension 33 a low as 2.8 mg/L o one pool and thatl coliforms
and ather forms of bacleria (probaldy saprophytic are abundant in thy
conlaminaled walers of the cave, Microscopic examinalion of Lhe poal
waters reveulml o ricl and varicd miceolauna, especially profeseans and
rotifers, Licadilition, Lhe polhaded peols contained lorge amounts of collnidal
materinls which are believed to be rich in oeganic condenl.

The influx and acewmalalion of seowage rch in organic maller iz belicyed
to b the basic teophiv inpot in Lhe contaninated poels. 14 is suggested tal
this mulerial serves as an important feod soueee Tor saprephy e bacloriz
as owell s far much of the agoatic Touna, including belh miceo- and macro-
P, Peecizn trophic relationships between the Lieger aquatie seganisns
have not been worked aut bul several sizoificanl Foeding responses have
Leen ohacryed,

LRSI

Chuadrs mares silufes Jdans Io Banners Corner Uave, Hussell County,
Vieginir, nnl Fait leljel d'ohservations répartics sur ane périods de 28 s,
de povemlee 1961 4 féveier 1964,

‘I'rais de ces aares claienl visiblemenl polludes par les eawx-vannes qui
giosond infiltpées dans la grotie 4 partir des Deszes sepliques silutes sur la
colline on est erenace celte cavibes A un momint o doun aulee de 1o période
drabservakion ces qoalee mures aheitnient fimportantes populaticns de
Plannires | Phogocate swberranea Hymany ob & lanpodes (leellus recrontis
HSleeves!,

Les wnalyzes picrsliologiques et physiochimiques des caux onl denoe
daps une mare wne tension dhoxyetne aussi failde gque 28 meT el montes
que danz les canx polludées de L grotte Tes haclévies coliformes of antres
[vraisemblallonent saproplistiguest sont abondantes. Llexamen micen-
seopique de P'eau des mares eévéle uine riche micralaunn varide, surtuul en
Protoznaires of Rotileees, B ooutee, los mares palloces renferment de geandes
g bilés de sulstunces colloidales quiseraient riches en malidees arganinies.

Tlinflux el Poccumuolation des cawx-vannes, riches e makitres neganinues,
zont, croyons-naowg, Papport trophiqoe de base des mores contamminées,

Nous sugEerens que ovs eans sont une importante soures de noueritaee
avssi bien pour les bactéries saprophytinques que poure la plus gramie partic
de la Taune aguatigue imicra- el macealormes). Les pelations (rophiques
prévises vndre les geganismes sapiationes de plus geande taille nfont paz 66:
détepminges mals nous avons chaervd pluzicars eéponses aliinenlaires signi-
ficativies.
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