Algological Invesligations in Mammoth Cave, Kentucky
Ey H. I Joxes!) )
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Introduclion

Bisspelealogy in the United States 15 still in its early descriptive
perind and though the situstion has greatly improved sinee 18931 when
Balivar and Jeannel eonld walke the [ollowing stotement: ¥ les
naturalistes americaines nont enterpris ancune etude serivuse de la
faune de 'immense domaine soulerraine qui g'offre a lones invesliga-
tions. O chercherait en vain dans les collections des Museez nn seul
vaverpicole dant lo caplure date du XX® sieele ) siil] nol a single
article deals with Aanerican cave floras exclusively.

Beientific imquiry into the miceobiolygical-botanical investigations
af the flara of the closed eeological svstem of caves has been given
seant atlention especially in comparison with the zvological works
conducted in these subterranean hobitats, This statement especially
holds trus [oe the cavernieale plants of the caves of the United Stales.
Such studies had been initiated aleeady ab the end of the Jast century
in Buropean caves and even in America in the early work of Call (1557)
15 fungi are emumerated which were identified from Mammoth Cave
in Kentucky, However, due probably to Call’s interpretation thal all
of these fungi are accidental inhabitonts of the cuve, their presenes
possibly did not give rise Lo any special iolecest which would have
furthered the continnation of similar investigations. It is by now an
pstablished facl thal algae do oceur in the total darkness of caves,
aften in considerable quantities, and it therefore seemed necessary to
conduct algalogieal investigations into one of the Targest cuves on the
MNorth American eontinent, the Mammoth Cave of Kentucky, The
alal ftorw of Lhis cave diflers considerably from those found in caves
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on the European conlinent, and a comparison beiween these geo-
graphically izolated habitats will be discussed.

Wiy few mictazeans and only a limited number of micronrganisms
huve been uble toadapt t0 an cteenally lightless environment in which
Food moust be either monufactored fo site by chemosynthetic auto-
tengrhs o carried in From the oulside, Deep caves provide an essentially
isolated thermal environment, in which the most important limiting
[uctors ave light, food and vapor presauee defleit,

Caves have recolved slight attention in the past partinlly doe Lo
the fact that no ceonomie nse has been expocted from them and also
becauss they are extremmely diffionlt to study, Wven Lhe genesis of the
lestong cave is obseure. Complications in the Liclogival research of
United States coves are due Lo a lack of prior taxonomic worl and
alsa Lo the physical problems encountered o Lheir investigation. [n-
stromments must he lghtweight, portable and shocek-resistant. Coverni-
vitles wre excepbionally sensitive to oven slight changes in envieon-
mental factors {temperature, vapor pressore delicit, lght, rate of fow
of wir and water, diszolved oxyveen, ete ). Therefore, conteal of sludies
of srgunisms Laken from the eaves iz difficull to achieve. Although no
labswsratories for cave research have heen built in fhe United States,
there exizt o number of these luborateries in Burope, They vary con-
siderably in size and zpape of seientific investication, aod see found
all prer Rurope, Lhe maost extlensive investigalions having been curried
ok in Hlungaey, Praoee wod Romania, The establishment of sueh cave
laboratories in the United States seould partiadly alleviale these prab-
lems, bl as veb no adegquate Tacilities ave available in this counley in
spite of the concenleated efforls and pleas of enthosiastio workers of
the Cave Hesearch Foundation in Wishington, Iv G,

The mash cxtensive eavern avstems in the world Lie bencath the
Central Fentucky Rorsl in sooth central Kentocky about 100 miles
sonlly of Louisville, in the Tlint Bidge, Mammaoth Cave Ridge, and
Joppa Ridge svstems. (heer 258 miles of poassages have been surveved
in Mammobh Cave itzell, and nearly 35 miles have been surveyod in
the larger Flint Bidge syslem Lo the North, Several large coves and
hundreeds of smaller caves are koown within (he Mammoth Cave
platean and adjacent Peonvreoyal plateaw, AlL of themn are exeavated
in Lhe Missizssippian limestones of Chester and Merioie age, especially
the fine-grained and often oilitie Ste. Genevieve and Girken {Benanlt
Paint Creck) limestones, which in aome places reaclh an vxposed thick-
ness ol as much as 300 feet, Thesa Bmeatones lie onder a thiek (D10 Teet)
layer of Big Clilly (Cypress) Sandstone. This sandstone loems the
caprocl of the Mammoth Cave Platean and is oveclain by the Haney
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(CGoleonda) Imestone, which includes many thin shale beds theoughout
its maximum 40 foot thickness, These formations dip towards the
Nuorthwest at approgimately 30 feel per mile toward the Green River,
into which tanst of the underground water in these cave systoms
eventually vrerge.

Surface erosion iz inhibited by the resistant sandstone caproek,
aceounling for the extensivencss of the massive horizontal intercon-
nected caverns below, The imperineable shale lavers in the thinner
limesztane overlying the sandstone divert uondergronnd waler Lo the
edges ol the ridges where the caprock has been removed. there seeping
dowen Lo eventually Torm the veplical shafts. The slow surface erosion
rontinues Lo preserve the massive eave system. (See Text Figaren 1.)

Both physical factors and foald supply vaey canziderably fram one
senzon to another, The Keho and Styx eivers in Mammoth Cave rise G
L 13 moters doring the winter or spring floml season above the low
amfumn level Great variely in pH, total alkalinity, dissolved oxygen
and plankien density s pheerved on a seasonal basis. Streeams sinking
oie Lhe Pennyroyal platean 10 to 12 miles from Mammoth Coave form
tliese bwo rivers, Doring the winter aod spring Lhe Geeen Biver walers
alza back up into the cave, infensifying lood conditions, In Mammaoth
Cave's Crystul Lake, fed by seeping rather Lhan running walers,
phiyeical changes are less and oceur more regulaely, The average an-
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Fig. 1. The Kenlucky Karst System with the theer main ridges contain-

ing Mhe caves, On ihe et side of the fgure 32 the columnar section of the

Mississippian formations afler J. 3L Wernen. [Drawing published with the
peemizsion of Cave Hesearch Foundation.)
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mual rainfall for this region 15 from 45 to B inches {Benington of al,,
10627 Lobeok, 1929 Sinith, 1964 Watzan and Smith, 1963).

While the existence of these caves has been known sinee before the
1oth century, B0, extensive exploration did nol begin until the lale
191h and earvly 200h centuries. The early cxplorers weee inlerested
only in developing the caves for commercinl and tourist purposes,
While the exteaordinary epporbunitivs for bivspelealngical research in
the Fentucky cave ragion have long been recognized, 1t is only within
the past few decades Lhal uny attempt has been made to hegin Lhese
sludies (Bare, 1962; Dare, 1964 ptes), Only an estiioated S0 pereent
of the eavernieoles of the Uinited Stales are known, thus complivating
o ab Jeast delaving eeological rescarch in many olher cuve syztems.
A great impetus Lo the further development of cave research in Lhis
country was supplied by the establishient of a spercial Tostitute for
Spelenlogy al the University of Lexington, Kentucky, under the diven.
tion of DirThomas O Baer, Jr. in 1963,

Materials and Methods

[n the smmer of 1963 wo received 13 vials of living algae collacterd
by G Clans in the Mammoth Cave of Kentucky for idenlification,
At this place T wish to express my sincere geatitude o Dr, George
Clavs for letting me investigale this interesting malerial, The diatom
flors of the eave iz nob meluded in the presenl work and will be pe-
ported elsewhere,

According to the parsonal conmunication of Clans Lhe collections
were made in the following way: serapings from Lhe wolls of the rave,
leonn logs, from the apelea-clay of the floor of the cove and Trom the
stalactites and stalagmites were made with Alame steeilized instro-
ments and were placed in sterile vials, Additional materials, if visibly
large colonies weer present, were seeured by foreeps or sponns. Sedi-
ment from the small ponds of the cave was colleeted by a spoon
while young stalactites were rhipped off with pliees. All of the appli-
ances used were autoclaved.

Aceording to the attached list the deseripbions of the samples and
Lhieir localities in the save are as follows:

Moo Lo Dark Bluish-green covering on rocks, [ehardzon Spring,
Moo 20 small, Blackish pateles on rocks and stalactites. Minerva's
Chin.

Darkish veins on sall stalactites. Darnall’s Way.

Tults of blackizh red, mueinous materinl on old logs VWashing-
ton's Pit Bridge.

Mo,
M

we B3
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No. &, Serapiugs [rom speleo-clay and from the walls. Natural bridge
al Styx Hiver,

Moo B Mud from small penda Serond Landing River,

No. 7. Berapiugs feom geeenish diseeloration on walls, Locrain River
Pazsagn,

Moo 5 Abundant Lluish-grey, mucous growth on rock wallz, blam-
molh Tower,

Moo 0 Yellowish-white, mucous growth on robting rog. Crevacea Tt

Mo, Lk Mud froon small ponds, Coreidor after Mammoth Tower,

Moo L Wall Seraping of blackish, layered, corrugated material. Main

corridor.
Xoo 12 Heavy hluish-geeen geowth om walls around s lanp., Main
Corridur,

Mow 12a, Branching red growth on old log, Main Corridor,

Abfer their arrival to oure laboratories Lhe contents of the vials wore
divided into three portions, two of which weee aseptically Leansferved
ko 300 ml. Evlenmeyer flasks (lled with cither soil water, or with
Chu Mo U medio as rerommended by Stare (1960). From the {thied
portion of the material microscopic slides were propared and investi-
gated Tor the aveurrence of algae prior to collueing. In the syslematic
part it i3 specifically mentioned whether or not a form was {ound
prioe tooor only alter sulturing,

The Aasks after inocalation were placed in a eulture chamber having
a eonstant 16°C, temperuture and an illumination for each fask of
approximately 2000 Tux for 15 hours ecach day.

Afler ten woels of inenhation, when the majority of the flasks
showed well developed algal growth the identifications were carriml
ant. After opening the dlsks, however, subeultures were prepared from
vach of them in the same kind of media weed previcusly. The suli-
cullures waore grown again Tor ten weeks and were 1denlified sgain,
Mo speeies was found inoaoy of them which did not oceur in the first
sevies ol wdenlifications. From the algar grown in the subeulbures
exiceata wore prepared.

TFap the identification work a Lette Ovtholux microscope with 40 |
B3, F00, and B3 phase ohjeetives and with 123 and 25 oenlara
was used, The drawings weee prepared from prajections of selected
EPOCTIETE,

SYSTEMATIC PART

After the name of the species their nsual oceurrences are given,
taken owver from the commenly wzed dentification guides,
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CYANOPHYTA
Chroococeaceas
1, MICROCYSPIS SPAGNALLS Lemim.

Planktonic in 26l water. The oconreener of this form in the cayve iz
surpriging capeeially in view of the fact that the alga was found
growing on Lhe moist wall and did not originate from the small ponds
abundant in the cave, Both according to ils bypieal colony morpholegy
and the measuremnents of the single cells there can be but little doubt
as to the identity o the specics, hence one has to conchade that this
planktonic form 15 able to vegetale to a corlain degree under acrial
conditions {(Sanple No. Gy,

Gumontiellaecan
SGOMONTIELLA MACYARTANA Claus

Filaments np to 2400 long, solitary, eeect, brownish-green; along
the septa comsiderably eonsteicted ; “invalled™ to form a tube, -1,
wide, in ercss gection elliptical, with equally Tong [(2.54) hent back
borders, Cells 20 long with edges bhent together with a distance of atb
least, 2.5 between them, if spread out G6-7 times shorter than wide,
Figs. 1a-1l.

Sinece the description above 18 tn almost cowplete agrecment with
that provided by Clans {19607 there 15 no doubt as to the identity of
the species, inspite of the foct that in my material T eould nol abzorve
the longitudinagl division of the cells; furthemnore the eells of the
gpecimiens did not pull apart to form a zig-zag s depicted by Clans
tloe. eit., g, 100 in his form, Fuether support as to the identity of the
two forms can be derived [eom the loet thal the species desoribed by
Clans was nlzo found in a subterranenn habitat, in the Cave of Balvuk
in Hungary. Although the distance between the two known localities
is ratler great, which should hawve given eise to an elffective geo-
graphical 12olation — w species formiog factor — the alwost ubiguilous
orenrrenee, the preat eeclosieal valeney, the ecasy transportability of
the hlue-green algae, and the lock of Enown sexnal processes oceurring
among them — a lactor working againsl speciation — may account for
the linding of the same species in dwo different continents, Turlher-
miore, ginee tle aleal Qoras of the eaves of either Europe or America
are almest completely unknown it 15 quite planzible that the alove
deseribed species will be found in many other caves, bath in BEurope
and America, which certainly will decrouse the, at the present tine,
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geermingly unbridgeable grogeaphical distance between the two des-
eribed localities. Found alsae in the original maderial sithout calturing
(Sample Mo, 120,

Nostocaeean
A NASToS MINSTISSIMUMN Kite, emend., Claus

Microscopically small thalli, spherical, with a firm yellowish-brown
capsile on the periphery. Filaments Inosely congested, al the crozs-
walls markedly consteicted, 1,.3-1.7 w wide, olive-green, Sheaths con-
fluent, no staining with chlorzine-ieding, Cellz qoadrate or bareel-
shaped, about 1-1.5 times longer than wide, usoally L5200 long,
Protoplasin elearly divided into a ehromatoplasm containing fine
arannles amd a Tuint, homogenous cenbroplasim. Heteroeysts more nr
liess spherical, with diameter of 2-8u Artliospores 3.5 0 wide, D0u
lomg, with smooth, beown walls. The deseription given above undoubl-
edlv aligns the form to N.omdeatissimnm, as emrnded by Claws (1961).
The zpecies zeem to be cosmopolitan and ceenre hotlein wgqueous and
aerial environments (Sample No. 1),

Oseillatoriaeean
A, OSCTLLATORTA SUBTILISNIN A Kiite.

In siill water, in Lhe sapropel, Found also in the original mateeial -
sample Woo 11 - without eulturing (Sample Nos. 7, 1),

O, OSCILLATORIA NEGLECTA Lemm.

On damp walls, lakes, olten i mud, most peobably ubiquitous
{Sample NooH).

B, OSCILLATORIA ANINALLS Ag,

Ubiquitons, cosmmepolitan, Found alse in the original sumple with-
out eulturing (Sample No, 12),

TS LLATORTA CLALSTAN AT spee. nov,

Trichamata solituria, erecta, ad apices non attenuata sed capitata, ad
zepta non consteicta, 1.6-1.8 w lata; collulis cuctioribus quam latlis, 0.7-1.0 1
latis: eellulis apicalis capitatis. Protoplasma homogenea, pallide coeruleu,

3 The species was named in honor of itz collector, Dir, G, Claus.
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aine differentiastione chiromaloplasmatedqie centeoplasmate ot sing granulis;
motatione cunctando. A &, kueszingians Nasg, mensweds parvisque cellula
apicali capitata dilfert.

Tupms: i elousiana spec. nov, in herbarin Rijksmuseatis Sockbolmiensis
deposita,

lenmotypus: [ figura noztira.

Trichoms solitary, -b ereet, not tapering towards the end and nog
constricted ub the crosswalls, 1.0-18 0 wide; eolle shorter than wide,
0710w long, prad eell eapitate. Protoplasm homogenous, pale bluizh-
grean, withont, vizible differentiation into conteo- and cheomwatoplasm
and withoul granules. Motion slow. From (0 bpelzingiona Nooy. it
dilfers with its smaller measurements and with its capitate end
(hample Noo 100, Fig, 2,

Twpe spreies O clousiong spec, nov,, dewed zample haing depasited
in the lerbarium of the Rijksmuseal in Stockholm,

Leomotype: g, 2,

S, PHOBMMOM SEGTHONCATL M Woronich, o,

Filarents entangled in o condluent sheath, The wass of the moeous
waterial is quite subslantial and is heavily inhabited by bacteria, it
hecame actually impossible to decide whether the Plormidinm species
penetrate the mueons thallies of a bacterinm or the bacteria grow in
the confluent sheath of the blue-greem alen, Since soveral HPhormidia
are known Lo live o the mueine of other plants the former supposition
iz peobably correct. Trichowes: ob the ceoss walls nol constrieled,
20-22 0 wide, nnt tapering towards the endz bat bluntly rounded
off, no colaration with chlovzine-odine: cells shorter than wide, 1.4-
1680 long, end cell rounded, Protoplazm pale hhnsh-geeen, withont
vigible differentiation into chromato- and centroplasm: granules ab-
senb. Tt differs from the type by itz peeuline habitat, Type ariginally
found i streams of Nord Ural, sinea then it was, however, reported
frome o variety of different loealitios throughout Eueope; most pro-
hably rosmoepolitan (Sample Noo 1), T, 3

W PHORMIIIUM CEBENNENSE Gom,

O rocks washed by water (Saople Nos, 1, 5).

Lk LYNGOYA PUSILLA Kite lu, TENULOR Ta, nov,

Filamenla solilaria, ad subsbratom adherentia, erecta, 0.8 ¢ lata; vagina
tenui, firma, non lamellata, chlorocineici-iodurato non colorata; feichomats
-7 Jaka, ad septa non constricta; cellulis quadratiz, 0.6-0.7 0 longis,
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celluliz apicalibug ebinze rotundatis; protoplasmate pallide cosrulea sine
differenlialions cheomaloplasmalegue controplasmate of sine granuliz, Ses-
zilis in hyphis fungi. A typo suis mensuris purvis differd, Tiguea: 1V, nostra.

Filaments solitary, attached ot one end, erect, 080 wide; shealh
thin, fiein, unlayered, no coloration with chlorsine-dodine. Tricloms
(=007 owide, ab Lhe crasswalls not constreicted and not tapering
towards the onds Lot pounded ; eells quadeate, 0.6-07 @ long, end eell
bluntly rennded ; protoplasme pale bluish-greew, no differentiation into
shromato- and centeoplasm, without grannles. It differs froo the tepe
b its smaller mvasurements. Sessile on fungus hypha, The type is a
cozmopolitan epiphyte (Sample Na, 2), Fig, 4.

Begriatoaveas
11, BECGGIATOA ALEA (WVaueh.) Treev,

[n lack of adequate determination of the nolebional requirements
of the form found in the cave {cf. Pringsheim, 1964) the species is
epumeraled under the albiove name based solely on the measurements
of the trichome, On mad, nstagnant or Aowing water, rosmapnlitan
iSample Moo 12)

APPENDIX
Chlorobaeterineesae
12, PEFRACHLORIS TNCONSTANS Pazher

O putrezeent mnd, in stagoant and lowing waler (Sample Moo 12),

FUGLENOPHYTA
Eunglenaveae
3 TRACHELOMONAS VERRICONA Stokes

In the planktom of small ponds, rosmopolitan, Found alse in the
original sample withoul eulburing (Sample Mo 10
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16, PHACHS PLECRONECTES (Ehe)) Duj var. HVALINTS
Klebs
Tyehoplanktic on mad of lakes (Sample No. 10).

CIIRYSOPHYTA
Chromnlinaeeas
15, CHBYSONRIOTS RLERSTAN LS Dasch.

In plankton of still water. Found also in the original sample withoul.
culturing (Sample No, 12,

APTENDIX
LG CHRYNOPHYTA eyt

Ellipzoidal bodies with lenglh of U-12 . incloding neck, and width
nf A.5-7 0wy collar Tunnel shoped, 050 in diameter and 085-1.04 in
height: wall approzimately 05w thick, spines and protuberances
0.2-0.2 long; protuberances and spines scatlered, The form is un-
doubtedly identical to Cist Type 26 of VanLandingham (1964) whick
was fonnd in the Yakima Dasalt — a Miocene formation in Seutli-central
Washinglon Slate — and whoese aftinities are unknown., Az no living
gpeciniens oveurred in the sample to which these cysts could have
been attributed their systemalic position remains unsolved. TFound
alse in the original moterial without culture (Sample Noo 8), Fig. 5.

CHLOROFPHYTA
Palmellaeease
TASTEROCOCCES SUPERBUS (Cienl) Scherd.

O washed rocks inorivers, or in plankton (Sumple Nos. 5, 61

COCLmY X
18, COCCOMY XA DESPAR Schidle

Lither in plankton or free-living a5 an aerial epiphyte (Sample No, 7).

L, PREANOPHILA LAETEVIRENS Garneck

Cells ellipsoidal 5.2-9.0 ¢ long, 4556k wide, surrounded with a
muesus capsule with one parietal chloroplast containing a well devel-
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aped pyrenoid. Propagation either with vepetative division or wilh
Liflagellated zoaspores; sovspores up to 50w in length and 320 i
widlh, Figs, Ga-tin The species has nob yet definitely veported zinee
the originul descriplion of Gerneek {1907) from o moor in Geemany.
Thus, iz ocenrerence o the Maommoth Cave represents o new repord
for the United States.

The systermatic position of the genus 1z debated. Mozt authoes
aeree thal Plarepfile is closely allied to Clloresareing or Chlora-
splacra, bt considerable diserepancy exiats amnng the opinjons as Lo
wlhether or not these genera belong to the Tetreasparales or Chloro-
coceales and Lo whicl family of the wentioned orders. Hrunthaler
fin Lemmermann et al, [H5) classilies Moneplile in the Chlora-
sphaeraoens Tamily together with Cflorasercing and Chdorosphaera,
uricler the Tetrasporalez. However, Siith (1950), although he docs
ot treal Plaroplicle in his monogeaph, os this species has not wvet
been found in the United States, prints ont that forws like Chlore-
sarcina {loc. cit, po [51): Yeannob be considered typical Tetrasporales
sinee Lleir eells do net have the capieity to metamorplose divectly
into a wolile condition. .. There 35 the alternative of placing them in
a proup called 'wnicellular Clhiloropliveene of uneertain syslematic
position® (as proposed by Pascher, in Lemmermann et al. 1815) but
this dioes nol shiow thal there are distinet, though somewhal remnte,
aflinities with the algzae ordinarily placed in the Tetrusporales,” Thuos
aceording to Smibh's coneepl Plesgophils belongs to the Coceony xa-
eene family and ran be beought under the Teleasporales though to
the real representatives of it has bub a slight affiniby, Fritsch {(19465)
talers the opposite view and classifies Planephile in the Chlorococeales
ardrr’s Chlorosphacraceae fanily, thinking that due to fhe presenee
of vegetative divisiom, Mesephile iz moree closely allied to those
reduced forms which Bolong Lo this order. Ine spite of this he makes
the following remark {loe, cil,, po L3 *The exact position of thess
forms iz at present diflicult to eslablish, Chlorosphocra (which he
nnites with Chlerssorcina) has been regarded by omany as poszibly
bieing redueed [rome a flamentous type, mainly becoanse of the tendency
tor foem short threads seen i some species. Thero 18 no reason, how-
ever, why vegetative divizien should not have arizen in unieellular
forms, and it is not ont of the question that the Chlorosplineracens
way be primitive” The ocevrrenee of the biflagellated swarmers
wionthil eertainky lend support bo Whis lalter view. Tn the newaest rom-
prehensive monograph on algae (Fott, 1959 Planephii is not teeated.
O tlae brasis of the above considerations | enumerated Planoplicla in
the Coceomixmeene seasie Smilh (1950), Elsetronmicroscopic investiga-
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tions which are eurrently underway may vield some other clues
as to the coprecl place of thiz genuz among the green algae (Sample
Moa 7, 100

Dot hrichaeee
Gk LOTARIN TENERARIMA Kitz. fa.

The Alaments which according to all of their choracteristics could
b identified as {7, fenerrimea exhibited g peenliar type of growtlis they
were found eniled in the form of w close spiral [Fig, 7.). Similar coiling
in & blue-green algal species: Qscillotorio erticulats was ohserved by
Gardner and he named these forms az varictas cireinate. Palik (1939)
also deseribid a coiled blue-green alga: Fortiea (Leptobasis) goesingense
but subsedquent anthors, like Hollerbach ef al. (19563 pointed nut that
guch coilling 15 nol a wseful systematic mark and is most probably
due to znme environmental lactor. As aceording to oy knvwledge no
similar alzervations has as yed been made on g Dlethreir spocies, it
secmmed to L interesting to call attention to the descriled phenamenon
without attaching Lo it any systematic significance or irying Lo speeci-
late about the nature of lactors which canzed it The species ocears
both in running and =il water, also on clills moistened by the water
spray. Found alzo in the original material without colluring [Sample
Moo 12y,

{Characiacear
N, HARPOCHYTRITN HYALOTHECE Lugerh,

The systematic poesition of this apochlorotic form iz extremely
uneertain, Criginally it was claszified az a fungus (Chitridiales), Lot
later when closely resembling colored forms were Tound, it wus traus-
ferred o the Chrysophyta and placed inte the Characiopsidocens
family on the hasiz that itz zoospores have two unequal flagellan
(Pazeher, 1939, Aceording to the investigations of Korshikov ([953)
the colored species of Sarpochyteium boelong to the Chloroplivia i
the Characianeae family representing o new genus Acrochasma. o
shikov came Lo Lhis conchision sinen he conld ool observe the presence
of the second, shorl Dagellum indicated by Paszher (loc. cit.), Ua-
fortimately he does not teeal B fgalothece in his monogeaph thns we
still do ot know ite correct systematio position, On the grounds of
Korshilov's investigations, however, it serined to be advisalile ta
enmmerate this speeies in the Cliloropliyta as an apechlorotic represen-
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tative of the Characiaceae familv, ff Gyalothece iz a typical epiphyte
usually on Zygnematoles, in this investigalion, however, ib occurred
attached to small debris paeticles (Sample No, ),

(hovystaeeae
22 CHIORELLA VELGARLY Heijer.

Ubiquitous, cosmapolilan (Sample No, 2],

LR OOCTSTIS LACIETRIS Chod.

In still and Nowing waler very common, cosmapolitan. Cf remark
nf Species Moo 1 (Sample Mo, L,

. ANKISTRODESMUS FALCATUS (Corda) Ralls,

In still and flewing water, common, cosmopelitan, Cf remark of
Species Moo 1 iSample Moz 8 12).

B, KIBCHNERIELLA LUNARES (Kirchil) Mob.

Common in the plankion of =4l or ranning water, cosmopalitan.
Cloremark of Species No. L Found alse in the original material withont,
culturing (Sawple Mo, 123,

2. FOLENEDESMUS ABUNDANS (Kirchn) Chod.
Common planktonie organism but mav appeur as an serophvia also
on barks, in greenhonses, ete. Found alzn in the orginal material
without culturing [(Sample Noz &, 12,

RHODOPHYTA
rﬂf"!llul'll,"“l,"l"“l‘!
27, LEMANEA TORULOSA (Roth} Ag.

The eecurrenes of this Rhodophyton in the cave is surprising. Tt
waz fonnd Inogreat abundanee on an old log and the apperanee of ils
Lhallus suggested a funguz. Under microzeopic examination, hivwever,
it turned out Lo be a red alga, The fresl water speciez of Lemanea
inlinbit rapidly flowing small streams and, though capable of tolerating
same degree of pellution, need adegquate aeration for their growtl,
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Thus, the presemee of Lotoralosa on the log and ile possibly hetera-
trophic nuteition is aztonishing, Bed algae were also reported from
ather caves {Clans, 19610, 19515, bub there they always oecnrred
either in the streams altached 1o rocks or on the roerk walls, heavily
gprayed by water. It was impossble to onltner this speciez in any of
the medin vimploved, which Turther hospeaks a possibly complicated
rubritiomal requirerent supplied in the cove by the putrescenl log
(Sample Moo [2a),

1 st be mentioned Leee that Sample Noo 4 contained only fangul
mveelia, while Noo 3 proved to be completely sterile, In Sampla Moz, 5
and 11 heavy fupgal geowth ocenreed wlong with the algae. No attempt
was made to ddentify any of the fungi.

The wentified forms are enumerated in Takle 1, and their loealities
within the cave are marked there,

Discnssinn

The algelogical investigations vesulted o e determination of
twenly-zeven taxa. Although the presence of distoms was noted in
geverul samples they were not ineluded in the oeal list presented in
this paper since they will be pepocted elseswheee, The dislobution of
Ure different apecies among the algal Divisions 15 ag follows: Crang-
pheta, 11 species, 1 form; Fuglenophyta, 1 species, | varietas;
Clirysophvta, 2 species; Chlorophyta, 10 species; Rhodophyta,
1 species. As cun be seen fron this enumeralion, all the alpal Divisions
vxeept the Pyrehophyly aod Phasophyta are reprezentrd in these
samples, Tt is not sueprising thal the reprezentatives of these Thvizsions
were nob encountered in Lhe samples sinee the geeatest majocity of
the forms belongiog Lo the Pyrehophyts wee cuplankionic organisms,
while Lhe Phacophyia live in marine habitats,

In discussing the ceology of cavernieale algae the wsoal Lrealment
is to get hypolbelical angwers Tor theee problemz: L Are the algac
present in the coves carrving ot an actively veproducing, vegelilive
hie or are they fonmd gnly in forms of resting stages, spore, ote.? This
problom immediately raizes the secomd qpavstion: 2L the algae, n-
decd, carry out normal life functions in e darkness of the vaves,
what energy souree do they utilize Tor their assimilatory sctivities?
As the presenee of algae in caves By now is an estublished fact one
hins b faee the third preblem: 3 Howe did the algae get into the speleo-
environment and, sinee many of the species recorded frome dilferent
caves are cxtrenely rare forms, ow is one abile Lo explain their pre-
gence in Lhese subterrancan habitats?



=
—

(R34 S [H T

B o] e e

— o mm o

T R e e B

- —
|

XA KA

|

TR TR WMOLLIN B
EIO]S WEOAR LY SR T
UYDER ] SUOENOINT BLATANGA ]
B R A PR THTHS T R T B R
ey suasiaage] sppden g
TR] O A W RIS T B eniy T
UL ) SN GRT T E e T

VR B TR FR TS
[y Duays)) swmmnsnmd snioy g
TPy EReTseaip s hisfong)
EIOM - U AS TGN E Y IIGLI T
QU LT G REC RN T PRI Ty SR T
A0 s BEISNE Bl
EN ERDRTIeD plaogig e
STVRY CTPLOLED S 0] eSS LM Qe g7
MUULT] Sfpowsns stishanes gy

TAOU CBY SOTHWR TR
SRR o)) oo esnd wligiufiy
Rt P TR LR RIT T iy
O] IR b S Dy Ba s aaa A
1 #f.d.,_..“ ] adig iy s s 1p
STE]TY) Fa el el wlpagiisien
Lo SR G0
A mfiydasiagg
K] ENNEEAY S sl
staftag] srendpea Bppaanggy
Wane ) eggn negod ey
REEER TS srgded iy SIS
S0 (Rpau ) suaein | seteapoasig

E:.pﬂﬂ _

ol

4] _ 0l

68 |c]9
g s apdes

WSTR[} |00 Gl Y]

FRETY RSO [ U] S [rEpy

[ &gy,



506 Spelealogy T Junes

All three of these questionz liave been dealt with in detail by Clans
{10553, 1962, 1062 L), Palik (10600, 1%606h), and Soba (1957, and in
the present sludy L seemed to be repetitions b enumerate all the
hypotheses which were advanee by them Lo give answers for the ahove
mentioned theee problems, Bul as none of the ideas put Torth by Che
mentioned avthaors is completely satisfactory in answaring these ques-
tioms one 15 sUill faced with ambigoities in eonnaelion with the ceology
of cave algae and the present study may give some fuether clues as
to therr elueidotion.

minee, in most instances, previous studies dealing with U peoliden
of aszimilation of cave algae completoly ruled oub phototrophison, and
no radialion was found in caves which could be utilized as an energy
soree [or assimilation, one had to suppose that the algae are eilher
chemoautotrophs or heterotrophs, Both of these suppositions, how-
aver, ran into dilficnlties as pointed ont earlier by the emumerated
audhors, In the Mammoth Cave many of the collections vesulted in
culturcs eontaining bul a lew species (two or theee), indicating that
on relatively Jarge areas only a few algal specimens were prosent.
A similar ohservation was made by Clous (1955) in the Baradla Cave.
This, however, mav indicate thal the aleae grown in the coltures
vrigingted from a few, possibly one, parent organism which was sur-
viving the troglobitic conditions in the fomn of o resting stage. Collee-
tion Mo, 12, which contaimed the maost species, with largest abundances,
ariginaled Trom a place in the esave which got at least intermitlent
illumination supplied by an electrio lamp. There are many visitors to
the cave, Lhus the illimination iz oceasionally kept on for almost
12 howes w day, which natarally would be suffictent to supply adequate
energy for the algal growlh, Both in the Peare Cave and the cave of
Ahaliget, Clauz (Joc, eitt.) deseribed extensive growlh of Rhodophyvta
oceurring on rocks or in the viver bed, On the olher hand, in the
Mammolh Cave the Lemanes species was found geowing oo a robling
Jog. Sinee the Auwdeunielle species reported from the Poace Cave was
fluating in the river one may suppose thal it was coreied in to its
laration leom somewhers else. T may well have been vipped off by the
ererent from somne kind of organic subatrate. The other Awdounielly
species, found in the cave of Abaliget, partially also grew on logs, In
spite of the contrary opimion of Clavs (1961 a) the log, even in this
latter case, could have served not only as o substrate, but may have
been supplying adequate amounts of organie material Lo the alga, The
fact thut the thalli of the red alza woere also found to geow sn the
walls of the cave still does not comtradict the 1dea that it derived its
faod supply originally from the log through interconnections or some
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kind of other transport mechanism operating in the muens of 1he
species, The other reporled eases, when micrnscopically visible algal
growth was obsorvied in confirmedly duck regions of caves ave marn
difficult to explan by assnming helerobraphic growth. Sinee, however,
in these latter cases, like that reported by Palile (19000, the algal
thulli were s0 small that chemoautotrophic assimilalion may have
been suffivient. The abundant geowth of the red algae actually pre-
gented the bigeest nbatacle to the acceptance of chemosynthelic peo-
cegses, TE however, heteratrophisim would be proven as the operating
factor in the anabolisin of the Bhodvphyta then chemoautotrophism
conld, indeed, be accepled as the energy supplyving process for the
seatlored ocenrrence of the other Blue-green algae.

In the Tnteodnetion atlention was ealled (o the facl that the
water Ievel of the cave’s rivers vary geeatly during the vear, Sinee
the inflow of watee i the Mamoth Cave iz o direcl consequence of
tle rainfall of the ares wid the rain wader Jows nnobstrueled into the
cave many of the algal oceurrences conld possilily be explained hy
suppesing that Lhey are careled into the eavern by the stecams Qowing
through. The role of air current or the careving in by animalz of lower
order 15 probably 2econdary. That the algae, or at least some of e,
are originaling from the surronnding suefaee areas would also he sub-
stantinted by the identification of several cuplanktonic forms, Tno
Table 2 such forms are compiled and attention is called to the fact
thut planktonie forms were peported from 1he other, as vet investi-
gated, eaves Loo, Tt iz interesting €0 note, however, that none of the
previens anthors aileibuted any significance o these algae and did
nut Ley o give o satisfactory explanation for their presence. Thus, in
Table 2, all the other planklonie formg roported from caves are also
epumerated, [t beeomes clear that these forme play a considerable
rule e the algal Horas of eaves. Sioce, however, they aeenr in most
instunees on the walls or on the stolactites, thus being unable to Boat
ne swio [reely, one may suppose that they reprezent forms adaptod
Lo & more or Jess attacled or sessile life or, und this seems to be more
natural, ane may cowme Lo the conclusion that these forms werr recenily
carried inlo the eaves by water eurrents. They may have had their
arviginal hubilat in the abundant small ponds or lakes of Al Karst
regions overlving the caves. Claus (Joe. eitt) points out that the sur-
Face algal floraz show Lol few apecies common to those acenrring in
the caves and, more important, he waz able to demonstrate that the
vegetation of bwo nxtapositioned caves, Baradla and Peace Caves, i3
Lasieally different, thus presenting an argument sgaingt the derivation
of their oras from the surface area. 5L one may suppoze that ab
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least cortain members of the algul population, especially the plank-
tonie forms, reeently entersd the caves Team the surfaen.

Euwch of the caves investigated np Lo now exhibited the presence
of sueh epecies which are either rare, originate from Aretic or Ant-
arctie regions, or have to be considered endemisme {ef. many new
forms deseribed). Tn order to explain the presence of such fopms Clans
{locoeitt.) worked oul the hypothesis that the aleal foras of the caves
originated during the time of the caves’ formations and in many in-
stances have o pre-glacial or glacial relict character, Aceording Lo lus
opnion the caves sepved as areas of refugion For the sueface algul
population bt for those Torms escaping the glheiationz and for those
glacial gpecies which cseaped the later rise in femperature, A fuethor
support Lo this theory was supplied by Suha (1957) who Tound several
thermal speries in Lhe cave of Palvilgy, Aceording to the geological
data this cave arose as a resall of the activity of Lhermul springs
excavaling Lhe delomite layer, thus in this case the presence of the
thermwophilie algas would be an indication of the fact that the algae
ol into the caves coneurrently with the formation of the latter, One
diffirnlty in accepting this nerative idea is prezented by the nxteemely
wide ecological valeney of mozl of Ehe reported algae, No donbt can
be paised as to the ubiquitous, cosmopolilan noture of mosl ol the
Connophyta, which usnally comprise at least 50 percent of the rave
algal populations, Consequently the fact that a particular blur-green
alga has only been repocted feom Aeetic ne Aotarctie habitats, and
was rediseovered Tiving in o eave, does not comstitute a proof of the
cave's llora representing a glacial type, Probably the most typical
example Lo dizprose thiz idea wos supplied by the oceurrenen of Phar-
aid i (rigdedum 1vitze]y in Lhe Baradla Cave, This alga was orgiually
deseribed from Anlarction and fater was found in the High Tatra, then
in several pivers of the Soviet Union, in Sweden, Franee, and the
Uinited Stutes, in middle European Inkes, and cven on the caast of
Mopaeea. Clearly #0 frigidum i3 a cosmopolilan witheut any speciol
prefvrence towards Lemperature. Several olber Cvanophvta originally
deseribed from eold climates and later found in caves were 2ubse-
aquently identified from the most varied habitals, Thus the case [or
enncluding from the presenee of originally psyehrophilic species Lo ou
glacial type of rave flora 13 weakened by the Tatitude of adaptability
of these algae.

The numerous new species deseribed Trom caves might represent
endemic forms sinee the cave environment supplies very specialized
vealogival conditions, One may speculate on Lhe speeies fovming effeet
of auch an environment, but this again leads to cerlain difficnltios, Tt
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ig generally accepted that specialion ocenrs due o spontaneons mulas
tiong. The sole knewn natueal faclor beinging about mulation is cos-
wic radiation Lot the investigations of Claus (1955 hove shown that
“the dark backoround” within the raves of Baradla and Peace is much
less, only ane-fifth of that oceurring on the sueface. The linestone
lavers apparently are effective absorberz of cosmic rays, I however,
the effect of this rodtagenie factor can be excluded From the speloo-
environment then il is hard to imagine that the ecological conditinns
prevailing in the eaves alone cun breing aboub speeiation. Threeelore,
the origin of the deseribed new species has to be Tonked fur someswhere
elae and thev cannod casily be aceepted as endemizms, Since the sur-
face alpal fTora of the Karth 15 rather unknown, and every day results
in the deseription of several new species, one may suppose that the
“endemic forng" deseribed from coves also oceur an the surface hut
Iinve as yet not been found,

In spite of the doubtful origin of the algal floeas of caves their
existence ab least has been unguestionably proven. The steeile condi-
tins of collection and the sterile handling dunng the culture of the
materia] indicale that the algae obiained in the cullures were alsno
present in the cave and do not reprezent external eontaminants, Thus,
une ay conclude that a speeific and possibly autochthoneus eave algal
floew exizts, 1T such iz the case, however, the algue must play a eole
in the food zopply of the cavernicole animals regardless whether or
not they are chemoaulotrophs or heterotrophs. At the prosent time it
seems that al leazt some of the wlgae occurring in the caves are
chemoautatrophs and thus must be primaey producers. 1 however,
primary producers do oceur in caves the coneepts aboul the biological
foad rhains of the spelen-environment has Lo be revised. Ulants re-
presenting the A nivenux may produce adequate quantitios of fond Tor
the consumption of the Ay niveaoux at least in arcas around the lamps.

The sealtered gecurrences of the diffeeent algal species in Lhe
Mammaeth Cave, in areaz other than these which got some degree of
tlumination would, however, make questionable even the role of these
aleae i bhe food eliain af the olber orguuisms. Sinee 1) becomes clear
feom Table | that notl a zingle species was [ound inthe cave in moee
than three loealities one may come bo the conclogion thal ez soli-
tarily distributed speeimens are not abvndant epough bo serve as
adequate food supply. For the same reason il s praclically impossible
Lo malke any eompurisons between the aleal ovas of the different
samples representing different, maore or less distinet, habitats of the
cave, [Eseetms that in apite of the microecological differonces prevailing
in such varind habitats as the cave walls or the cave rivers, they do
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not serve az sofficient faclors Lo bring about the development. of pe-
presentalive specilic Noras, The sole pxeeption fo this is presented by
Surnple Moo 12, which showed both a greater diversity and abundance
of algal specics, however, as ib was pointed oub earlier, thiz sample
nriginated Trom an area which got adegquate ilhimination. Thus, al
least in Lhe Mammoth Gave, light indesd zoems 1o be the Tirmiting
factor [oe the development of a luxuriant algal growth. On the other
hand, the fact that many of the cullures contained soe er only a few
species also indicates that the collections may have rontained only a
leaction of the algae which oceurred in the cavo. Similae conelusions
were ulso reached by earlier iInvestigators who bave lvequently pointed
out that each erack in the walle, sach slalaclile or stalugmite may
hiave a different algal population, For these reasons it is obvions thal
our study bas only o preliminary character and that much more work,
especiilly nwre thorough eollecting, s required in order Lo obtain o
hetter understanding of the algal Qora of the Manuooth Coyve.

Tf one bries to make o comparison between the algae found in Lhe
Murmineth Cave and in the investigated Eurepean and Palestinean
caves several interesting conelusiens can be reached, The most striking
feature of the algal population of the Mammaeth Cave iz the scarcity
Bioth of Lhe number of species found and the infrequeney of theie
encounter. Az the 13 zamples wers collected from an approximabely
theee kilometer steeteh, one wouold expect a greater diversity of speeics
than that found. Fram a mucl smaller steeteh Claus reported G9 spe-
eies (39 withoul distomz) from the Barvadla Cave (15955), 92 (76 withoul
dintoms) from the relatively small cave of Abaliget {1950a), and 91
(87 withoot diatoms) feom ao approximately 500 metor length of the
Preare Cave (196001, while Subo deseribed 41 (359 without diatoms) dilfe-
rent algae from the barely dlibmeter long cave of Palvigy (1957), Noad-
equate pxplanation can be advaneed ot Lhe presont forthis phenomenen.

Annther feature peculiar to Mammoeth Cave iz that most of the
gamples contained only frem 1 to & speeies. From this point of view
Mamimolh Cave reacmbles only the Bapadla Cave where a similar
observatinn was made by Claus {loc, cit.} All the other caves investi-
gated o far produced samples containing up to 25 different species
indicating that a well-developed and diversified algal flora exists in
the different habitats. The reasems for this lack of algal abundance in
Mammaoth Cave is anelear at Lhe present.,

The third dislinguishing [eature of Mammoth Cave iz the almozt
complele absence of speciez common to the other previnushy investi-
galed caves. Considerable nombers of identical species were found
mnony the different. Hungarian caves which, in the case of the Peaee



Speleology T Jones 5l

Cave, even shed some light an the possible origin of the eave (of, Claus,
19620 The Jack of such species in Lhe Mammoth Cave would indieate
that the manoer in which this cove became populated with algae may
sumewhal differ from that of the other eaves, The few spocies commoon
L several caves are ennmerated in Table 3. One should point ot that
althonerh it has no statisticnl sigificanee, and all of Lhe commonly
pecirring species are more or less ubiquitous cosmepolituns, the algal
flora of the Mammoth Cave can still best be compared with thatl of the
Cave of Alilaget. [t is interesling o note thit nol a single spreics was
fonend to be common to both the American and Paleslinean caves,
Beeanse of the scaveily of the available data coneerning the algal popn-
Lation of the Mammoth Cave one rannot even gpaenlate aboot the pro-
cesses wiich might have resulted in the populating of tis eave by algae,

Althongh the resulte of this investigalion are fur from complete, it
has beeome clear that algae do oceur o Mammaoth Cave, that the
cove, and this probably other Amevican caves, Lave their own distine-
tive algal pupulation, dilfering from that found in the European caves,
More investigations ave needed in this area in order Lo briog about o
better understanding of the existing algal vave floras, to solve the
problem of their assimilation and o clarity their importanee o the
mutvitional chaing of the sther teoglobitic speoies,

Table 3

Species Commoen to dlammaoth Cave and Investigated BEurmpean Gaves
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EUMMARY

Alrological investipations careied ool in the Manmoll Cave, Kenlucky,
revealed e presence of bwenly-seven toxa representing all Divizions of
the Algne exeopt the Pyeehophyta and Phanophyta; Dhaloms although
obgerved in the sarmples werw nol dealt wilh in the prezent paper. One
spering, Qsetllitoria elpusiong spec, nove and a form Lynpgbye pusilia fa.
tennior fa, nov,, both belonging to the Cyanophyta aee new 1o seience, To
addition, several other vare and inlevesling algae were found. A comparison
s made belwien Ahe algal Aoew of the Mammeth Cave and algae fownd in
severn] Burapean caves. The ceology of the caveenicoln algae 3 discussed,

FUSBAMMENTFASSUNG

In ciner algologizchen Unlersuchung dee Mammoth-Hihle [ Keotucky)
wuride dus Verkoiomen von 27 Arten bzw, Formen festgestellt, die alls
Algenllazzen auler Pyerhophyecen und Phacophyesen repeisentivren, Tie
DMatomeen, deren Anwesenheit in der Probe festgestellt wurde, sind in
divser Allindlung wicht betrachtat,

Einn Avl, Qeaillatorio elpusiong nev, spec, und cine Form, Lynghbya
pusitln fu, tenuier [, nov,, beides Cyanophyeeen, werden new beschrichen,
Drariber hinans wurden weiteen sellane und Guleressunle Algen gelunden.

Ein Vergleieh wird angestellt awizchen der Algeatoea e Mammoth-
Hible und den Algen, die in vepschivdenen suropdischen Hihlen nachge-
wirsen wuorden, Dig Okologie der bhlenbewobnenden Algen wird diskutierl,
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EXPLANATION OF PLATI 104 (1)

o bielle reagpariena Clous, vendeal view,

Same as abnee, dorsal view.

Chsetlfateria cludsiena Spoe. nov,

Plarwidium subtruneains: Woronich, fa.

Lymplogee pusille (Habonh,) Hansg: Tas eennior T3, nov,
Elerypsepigin cysl,

Plinephiln faetesdrens Gorneck, mature cell

Same s above, vegelalive division,

Same us above, billagellled swarmoer.,

Flathroc tenereima Witle, Ta.
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