Dhatoms from Mammoth Cave, Kentucky
By Ban L, Vas Lasvryamast)

Wath & figures n the fert

Tnteaduetivon

At the end af the last century and eontinnoasly during Warld War |
a speaial broneh of biospelealogy, that is, the investigution of cave
Novas, developed and underwent a remackable peogeesz in Burope.
The monnmental werks of Lédmmermaye, (1912, 1914, 1916} dealing
with the cave Moras of Anstein, Lumpert’s (L08) of Germany and that
of Mohew (1906} deseribing the vegetation of French coves firmlv
established the prosence of different thallophytes in the speleo-envi-
eonoent. Higher plants, however, were alse found by these invest-
gators and posses, ptevidophytes, and even some gvmnosperms and
angineperms were reported. At the snme time, on the North American
Continent. phyta-speleologe bad o gond start o the work of Call (1597).
For reasong abanlutely noelear, however, the ploneering wark of Call
liaz never heen followed up and antil the prezent time no paper deals
with Amorican cave Horas.

Phyvto-spelealngy alse suffered & set-back in Europe between the
twin wirrld wars and during this period only a few papers ean be found
dealing with this subject. Merton (1925, 19273 summarized the then
eurrent knowledge aboul phyto-zpelealogy while Gams {see in Morlan,
1427} stueted an investigation of the fora of the Alpine caves, Zmuoda
frerin Morton, 1927 worked on the eaves of the Ceech and Polish
side af 4hie Koorpathian Monntains and Magdehorg (1029 H32) rapor-
ted some algar frome coves in the Sehwiibiseh-Alpa, These reports,
heraeever, are quite seattered and aclually, until the early DO, oo
swstematic investigatinn of the phytocaennsges of caves has boon nnder-
Laken., A now impelus Lo cave algal researeh was given by the works
of Cluus (10550 1960, 1962, 10G2L, Lhaa), Palik (1060a, Y960 and
Suba (19570, who repovted the algal loraz of several Hungarian suves,
At approximately the same peeiod Freoicdmann (1955 1036, I, 14623
started an investigation of the eove algae in [zeacl, while Vietor
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Coumartin and the members of the Institute for Spelealogy in Alonliz,
Franee nndertook studies of the miceobial populationz of caves, ex-
cluding the algae.

As waz pointed ont earlier no zuch studies have az yel been eon-
ducted in any of the caves of the United States; therefors we were glad
Lo have this opportunity when we were asked to identily the dintoms
present in the material collected in the Mammaeth Cave, Bentueky.

Geological and Environmental Conditions

e of the largest cove syetemsz in the world can be found exreavated
in the Kentuely karst in the south central portion of Kenlucky, The
Marmmaolh Cave, as many of the European caves, was onee inlibited
by Paleolithie man and hoz served as a shelter continuously from the
1540 century, B.C, presumahly Jor Tndian tribes. Exploration of the
approximately 25 miles of passages had been starbed ab the end of the
190 century, but the real scientific investigation of the cave did not
begin until the rarly 2000 centurey. The fiest explorers were primarily
interestod in utiliving the cave for commercial purposes {growing
mushroams, excavaling guanoe, or even medical purposes — tuberculur
pitients were pluced 1o the cave in the hope that the constant tempera-
ture and hunidity would effect a cirel.

The Mamanoth Gave lies under the so called Mamoth Cave Bidgre,
whiclhiis part ol the Mummaeth Cave Platean. [t isexeavated inthe Missiz.
sippian limestone Tavers of Ste, Genevieve and Girken of Chesler and
Meremae age, The lnpestones aee covered by Big Clilty (Cypress) Sand.-
stone which is aguin overloin by a laver of Hanev (Goleonda ) Limestane.

Twa underground rivers, Lhe Eeho and Styx, Qow theoogh the cave
and wre fed by both direct surfare water inflow and by water seeping
through the bedroek. Theie water ultimately vmerges in the Grean
Hiver, which, during floed periods hucks up and overruns several of
the cave's passages. The dipect waler inflew is the reault of the re-
sigtant shale layers in the Haney Timestone, which channel the wator
throngh vertical shaflts inbo the cave, T places where the sundslone
caprock has been kepl iotacl, the woater can gnly seep through the
bedrock and will give rise to the beautiful stalactite and stalagmite
formations found in tha cave (Lolweck, 192590 Smith, 15H59; Watson
and Smith, 1963).

The speleo-enviennment, with the execeplion of relalively small
eaves, s charvacterized throughout Lhe world by ibs relatively greal
stabilily. The mean annual temperature hoz o close coreelation to that
ol the soil at o depth of between B0 and 100 meters, Flucbnations in
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the temperature are, except for the entrance areas, practically non-
existent, Lherefore in the teinperate 2omes the thermoeline of o cave
is level and lies between SRS and 1005° C) Sinee cave systems nsnally
arige in loestones dug to its comparatively high solubility 1 slightly
acidic water, the larger caves almost invarably have at least one
mnderground river. Dependenl upon the degres of izolation ol the
cave system from the suelace, the nnderground rivers may be fod by
dipect surface inflows following raintulls or may be the resulls of water
Caveping dawn threugh the bedrock. Lo the latler caze o remackable
constuney of the water's temperature, pH, inerganic content, and
spacific conductivity iz observed, This constaney greatly forthers the
slalble environment presented by a cave, On the othee hand, il direet
suefuce waler inflow seeurs, whieh is the case I the Maooooth Cave
System, greal varations in all of U physical and chemieal characte-
ristics of the wndergroimd rivers can be observed, which aee the direct
conzequennes of the amount of raintall, In such raves pertodic lood-
ings ceeur due to seasonal vuriation in the tuofall and spring thaws,
making them diffienlt to study becaose of the rreat flucluations of the
physical and chemical factors inteoduced by the Qoods, The caves
hithierto investizated bath in Kueope and in [zrael apparcently [all in
the firsl calegory mentioned and the vesearchers did not have to Tuee
the problems inleadueed by such changes produced in Lhe environ-
ment, due to the perodically oceurring Qoods. Therefore the environ-
ment modifying effect of the waters o the Mammoth Cave System
hias to be carefully evaluated inoany fature studies dealing with the
peolomy of cavernieole plants or animals,

Drue to the more or Jess closed nature of a cave its atmosphere ia
alinost constantly at 100 percent. hmidity, which is not even changed
by the air currents which muy develep in its corridors and chambers,
This saturation of the atmosphere wilh water vapors presents an
epvivonment in which even non-acrophytes can possibly survive, An-
obher effect of this high saturation iz the stenlization of the atmos-
pthere: small particles, such as dusl, spoces, pollen, ele,, swept into the
cave by e air currenls, serve oz gocondensation center and aee almnst,
mymediately precipitated. For thiz renson caves are usefnd as climatic
resorls for patients suflering rom bronchinl wsthma and foe this same
reason dne can eliminate the pessibility of the containation of the
ioderior of the caves by suelace materials carvied in by ate currents.

[Exeept for the immedinte entrance areas there would naturally he
comstunt and complete dorkoess In the eave, a fact whish has been
changed by the recently introduced vlectrical illumination. Ezpecially
during holidavs, due Lo the great number of visitors to the cave,
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cortitin areas are illuminated for az long as 12 Lours per day which
supposedly has brought abiout some deastie changes in the prevailing
ecalngienl conditinns, Tight 15 a limiting factor [oe most of Lhe plants
and animals and the introducticn of artificial lumination into o eliaed
ern-avatern adopted originally to the total abzenee of ligld must have
reainlled in changes which ave no longer possible Lo aszsess,

Madvrials sl Methinds

Churing the sumumer of 164 six vials containing the residue of pre-
sumed pleae and eollected in the Mammoth Cave on August 21, 19063,
by 5 Clavs, were send to the author for the poeszible identification of
diatoms in Lhe eollections,®). The contents of the vials consisted mostly
of zome kind of o dried material with the exception of Sample No. 14,
which, at the time of its aerival, still contained some liguid. The
malerials in Lhe battles wers of o bluish-grey or Blackish color aud al
closer inspection one conld obzerve quantities of sand-like or other
crystalline inorganic matter in them, held Logether will an apparently
NI TII'II{'irIIIIIS 'I':I'I,ﬂ"_-l'i;'{.

Aveording to the desceiption given me by Cluos the contents of the
vials were collected under sterile eonditions, nsing sterile instruments
and the vials themsalves had heen pre-sterilized. The majorily of the
samples wern the resulls of wall seropings Teom the cave, Trom places
where their collector had presumed the presenee of algne, Sumple
B 10 hoswever, waz eollected with a sterile spoon fram mnd econrring
in the small ponds on Che cave's Noor,

The six sumples received by me had the fellowing nombering wod
deseriptions: Noo A Tuftz of hlackizh eed, mucinonz mateeinl on ald
iz, Washington's Pit Bridge: Noo 5, Abundant bloish-grey, mueous
growlh o orock walls, Mamomoth Tower: Moo L6 Bhed Tecon gmall
ponds. Coreider alter Mammoth Tower: Xao 1L Wall seraping of
Blackizh, tayered, corragated matermal. Main Coreidor; Noo 120 Heavy
bliizh-green grawth an walls around a lamp, Main Coreidar; No. 12a,
Branchimg ped growtlb on old loe, Main Corrador,

From small portions of the contents of Lhe vials immediately alter
their arrival watery preparations weee made Lo Lesl Toe Lhe presence
of diatema and in order to cstablish whether the forms [ound con-
tained chloroplasts, Althangh the seaveity of the diatoms in the pre-
parationz did nod allew wz to guantilalively dederoine their abundan.
eex tlese walery preparations al least could sepve tooestablish the

3 The author wishes Lo express his gratilude to L G Clans Tor supp-
Iving Lhis highly interesting investipational maoterial.
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fact that the majority of the Torms must have been conducting active
life processes in the eave sinee not only cmpty [rostules were found
but, in many nstances, protoplasmic remaing and sheunlken chloro-
plasts, still having theiv characteristic colors, could he idenlified,

The material nbtained was rather 2mall in quantity: therefore, con-
siderable elTort was made nob to lose any during Vhe preparation of
permanent lides. The eontents of the vials were processed aceording
to standued techniques: boiled in acids, washed, dried on cover slips,
and mounted in Hyrax,

The identificalions were carried out with o Baush and Lomb micro-
seope usng 40, and 100 abjectives and 122 oculars, The drawings
wern prepared from projected speeimens,

Taxonomy and Anteeology

In the fellowing pact the different diatom taxe dentified in the
samples are enumerated aeeording to the system of Hustedd (1930a),
After the nome of a speeies its geperal oceurrences are given, tuken
ever from the above cited work, or, if newer data hecame available
concerning the autecology of the forms, thoze data are also mentioned,
One iz coulioned, however, nof to accept any of thess statementz as a
final verdict voneerning the environmental conditions prefereed hy g
species, as the ccology of the diatems is a rather controversial subject
and the newerinvestigalions,ezpocially these of Cholnokoy (1RG0 8, [0 b,
1062, 19621, 1962 ] have already produced zeveral startling results

The Sample Moo which the form was found is given at the end of
the de_-:u_-ri]ntirln. t-l.lgi.'l‘.-ll!.,'[' with an estimnate of itz abundance. 11 r'|rll}_
one speeimen of o certain foem waz found onoa slide the designation
very searce 15 used ) il Lo or theee, they are designated searce; if jonr,
they are ealled some; i fies, they are dennted very fe; and i above
five, but nat moree thun secen (which seemead to be the wppee limit)
thev are ceferved to as o fes.

Crder: CENTRALES
Familv: Coscinodiseacean
1, MELOSIRA GRANILATA (Fhr.) Raliz
var, ANGUSTISSS M A Mull
Aveording to the opinion of Chelnoky (19624, 1962 0). this varietas
cannot be accepted as valid sinee a complete, unbroken form series
exists batwaen the tvpe and it Sinee, however, in my material T found
only the variety and never the type, 14 seemsz as though an ecologieal
ar geagraphical izolation way exist between them which substantiales
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their separation. T it will laler be proved that sueh isolation really
oceurs belween the tvpe and its variety, reznlting in well defined awn
areals for the varietas, which seemsz to be the case in the Manmoth
Cave,thenthe variety even should hie elevated to the rank of o subspecies,

The typre seeurs in the planktom ol entraphic lakes, ponds, and
rivers, widely distribmted and often in greal masses, especially during
the summer. In mountainons areas ib s somewlhat rarer. The vavietasz
iz often envountered together with the type, but it can alao be found
by itaell in great quantitics,

Foged {1945) found the vaviety in oo pH pange of 8455, ot 5.5-
154 7% hardness, in a sall concentration of 17-150 my L, and at
O-1323%, oxyeen saluralion, He eoneludes that the form is indifferant
ter salt, is alkaliphil and a limnohiont planktonl, To his later work
(Foged, 1051 M granelata vae, angustissima 13 desgeribed from 2prings
with a pH oof 7.4-7.7, having o total hoedness: of 7.2 107 437, at a sall
concentration of 16-24 mg ;.

According o Hustedt (1957) the presenee of the variely in an envi-
ronment indicates “highly eutrephic” conditions and it is allaliphil
and oligohalolic.

Cholnoky (12 a] charaelerizes the species, in which he proposes to
inelude the variety, us o cuplanktonie Torm sccureing in heavily eo-
teophic, sliphtly allialine waters.

Alter Lhese moee or less concureing resultz it iz intoresting to note
thut HBourrelly and Manguin (1952) report the variety Teom sphagne-
tums, inoa pH range of 3.5-6.0, in the high mountain areas (1300
1500 e} of Goadelonpe,

Surnple Mo, 12, some.

I MELOSIRA VARTANY Ag,

Very common in eolroplice lukes, ponds or rivers, often littoral,
costopolitun, [F 30 veenrs o great masaes it 18 often considered as
S-rrsosaprolae,

According o Rolle (1527) Lhe species oceurs in waters with 20
A0 G haedness, ina sulb concentration rangn of 3002000 me (L this
it i3 indifferent 1o salt.

Foged (1948) reports it in a pH range of (.4-8.3, al 5.5-18.4 G
hardness, in [7=159 mg. /1. salt concentration, sud at 0-180% oxygen
suburation, ln suinmarizing he states that the speeies isa littoral, plank-
tonie, allaliphil form with o preforence to mineralized neganic matler,

Hustedt [ HE35-1H38), on the other haod, ool U species belween
pll Z.0-7.5 inwaterials from Jwva and Bali,
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Avecording to Scheele (1952} Moparieny i3 o ltboral Torm hoth of
standing and Oowing waters, indifferent to enreent, cccurring  in &
pll rapge of 65822 thus being alkaliphil, at 3.2 145 G hardness,

Hustedt {19575, in s work on the Weser, coneludes that the spocies
iz a feeshwater form, oligobalobic but not sensitive to Cl= eoncentra-
tion sinee it mav also show massive development ot highere Cl- con-
tents, Ib b5 cozmopalitan, abundant nearly everywhere, especially in
the temperate cones, Being an curyoxyhiont it oflen hecomes sapro-
phytic if it orenrs in masses,

Sample Moo 12, same.

COrder; PENNATES
Family: Pragilariacean
JoIFATOMA VULGARE Bory

Cremopelitan sud very common in still ittoral zones and ezpecially
i runming waber, Diatom mnaszes found in aquednets, wells or springs
are often comprised of its puee growlh.

Foolbe {19273 fonnd Al speries in waters with a haedness of 2067, at o
sall eoneentration of 2000 mg. L thus it seews to be indiTerent to zalt.

Aceording to Foged (1045) 10 is a cheaphileus, littoral Toem Tound
frecquently in ronning waters, inoa pH range of 6453, between 55—
7.1 0% hardness, al a salt concentration of 17-1539 me /L and at O-180%
naygen saturation,

Sehecle [1U52) reports it in pIl 6.9-5.1, as baing alkaliphil and salt
indifterent,

Hustedt (1937) summarizes the autecology of the speciez in the
following way: It is o alkalibiont, gaproxen, oligohalobie or indilfer-
ent, litboral form, on the marginal hydeophytes of streams, rivers,
ditehes, in the surl zone of continental lakes; likewize tychoplanktonic
bt never planklonie; cosmapolitan,

The report of Tusey (1948} aliout the gecurrence of £ walgare in
sphagnetums, at pH 6.5 i, in view of the above enumerated slate-
ments, nolewortloy.

Sample Mo, 12, very jeas

S, MERIDION CTROULARE (Grévilley Ag,

Cosmopalitan and very comman, expecially in slowle Dowing wakers.

Acvcording to Kolbe [1927) the speciez neenrs at pll 8.2, o walers
with 2040 G hardness, and between B00-2000 mg /L salt concenteas-
tion, thus it 1z salt idiferent,
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Foged (1948) found it in a pH eange of 6953, at 55184 G7
hardness with 17-158 mg 1 sall coneentration and 0=180% axygen
saturation. He deseribes b as o typieal rheobiontic, allkaliphil, salt
indifferont organism.

Schesle (1952) conlirms the shove results stating that the species
oeeurs between 5.5-58.2 pH, thus it s alkaliphil and ot 1-52 me Ol-/1L
salt concentration, indicating itz salt inditforent natuee.

Huztedt (1957) eoncludes that M.ocirenfare is a littoral, plankionie,
rheaphilic, alkaliplil, saproxen, oligohalobic form,

Foged (1955), however, repoerts ibs ocenrrence from lales, pools,
waleelolls, vivers, brocks, springs and soil, thus eazting some doibt
as to the truly rheophilic nature of it.

Sample No, 12, searce.

hFRAGILEARIA spo

Since the only speciimen found was in cantal view it waz impossihile
to identify it.
Sample No, 10, very searce.

G SYNELDRA ULNA (Nitzsch) Bhr,
var, OXNVRHYNCH S (Kitz) van Heorck

Cholnoly (19624 1962 0) doalibs the validity of the varietas and he
proposes its inelusion inbo the type: efowith remark under species o, 1,

1 35 one of Lhe most widely distributed dintoms and as sueh it oecuwres
guite commonly in any type of water. hut especially in the liftaral
zane of strongly entrophic lakes or ponda. Tez variolies are often mixed
wilh the tvpe, somelimes, however, they ocenr isolated, This also
seems bo be the case in Mammaoth Cave,

The zindies nf Foged (1945) showed that the varely occues al
.6-7.0 pH, in walers with 106-15.82 G® hardoess, with 25-15% myp L
salt coneentration and 11 1807, oxyeen saturation. These data indi-
cate that it 15 alkaliphil and salt indifferent. Tn a later work Foged
(1951) deseribed the species Trom a pH orange of 7.4-7.7, amd he Toand
that the variety is o lttoral, markedly corvtopous cosmopolitan. in-
dilferent to the action of the sureent.

Cholnoky (19624, 19620}, who has the opinion that the validity of
the variety 1s gquestionable, deaeribes the fype as 8 cosmopolitan in-
habitant of slightly to heavily alkaline waters, ocevering often in great.
TASERS.
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Bourrelly and Manguin (1952), however, found S5, wlna var ozyrhyn-
efiey ot pll 48, at 1420 m. elevation in Guadeloupe,
Sample No, 1), eery few.

TNYNEDRA AUMPENS Kiitz.

Cosmuepolitan, ezpecially in the littoral zone of still wulers, nof too
BT,

Foged (1945), studving the ceological conditions in whinh the species
oeeurs, found that o pH range of 6.5-33, with o hardness of 0.0-
4.9 G and salt concentration of 23-50 mg. /1, at 36-126% nxvuoen
saturation wre advantageous for its thriving, He concludes that 5.
rampens 12 a limmophilous, pH oand salt indifferenl species.

Hustedt {1937 35} wriles: Tt iz probably a cosmopolitan form but
which is more feequent in warmer lands, [t is nlignhalobic and a fresh
waler speeies, In his later work Hustedt (1935-30) peports il from a
pll range of HA0O-7.8,

Choluoky (1900a) found 8 rumpens in neatreal or shightly allaline
waters, and two years later (1962a) he states that the pll optimum
of the speeies 15 5,00 or semewhat above 16,

Sample Noo 12, searce.

Family: Achmanthacene
S ACHNANTHES MICROCEPHALA (Kite) Grom,

In the most different types of waters, very common, often in maszses;
eostnopolitan.

Cholnoky already in 19600 (h) was of the opinien that the speeies is
not an acidobiont. In 499652 {a) he came to the conclusion that A miero-
ceplale oceurs only in neatral to slightly acidic waters with high
exygen content. The idea that it can be found in any kind of water
soets bo bim to be ineoerect. [n his somewhat Taker work {1962¢) e
adds that the species is cosmopolitan and under the above mentioned
condifinns it can occur in greal massos.

Sample Moo 10, same.

Family: Navienlaceac
b STAURONELS sp.
Siee the only specimen found was in girdle view it was impossibln

to dentify it.
Sample No, 10, very searce,



H26 Spelenlogy I Wan Landingham

L PINNELARTA ap.

Sinee the gmly specimen found was in girdle view it was impossible
b identify it
Sample Moo W, cery soaree,

1L CYMBELLA of BELICATELA Kite

Lomethe 35, width G-5a, eleiae approgimately 26 in 40, This
sperimen eompares favoralle with O odelientels Witz however the
length is slightly more than pormal and the raphe and apices are
shightly different. Fig. 1, Thiz may he a new speeies.

The type is vsoally Tmmd an submerged rocks 1o meuntain regions,
nit too scarce but in very low ubundanee,

Tn Sanple Noo 40, senrece,

12 CYMABELLA PROSTRATA (Berk.) Cleve

In the littoral zone of both fresh and slightly saline water, connon
and cosmopolitan.

Foodbe (10927) deseribios the form Trom waters with 2040 G hurdness
and with S00-2000 wer, ) salt conlent, thevefore he thinks that it s
salt indifferent.,

Feged (1945 found it in a pll range of 6.4-3, with H.5-150 G
harvduess wnd 17045 me /L salt cancenteation, and willy 20- 1800
axvgen saturation, but alzo waz able 1o demenstrate its presence in
brackish walers with a moderale CLoeconfent. The species, aceneding
tn him, is rheophilons.

Husledt [1857) deseribes € prasteate as s widespread, allkaliphil,
aligohalobie, oliginsaprobie, littoral Toro, fromquently  attached Lo
afquatic plants,

Fuzey {1945), however, reports the species [eom sphagnetuns with
a pll of 6.5,

Sauple Noo W, cery fear

13, CYMBELLA of, BHESMIT Hast,

Lengll 16, widil 6-7 e, striae on dapsal side 5 in 10w, on venteal
P12 i 1he, This specimen appears Lo be similar o O brefmin Hust, ;
howwever, the reswoblanes is only superficial. Allention muet Te called
tor the heoad, vnornateented conteal avea on bath sides of the raphe.
Fig. 20 1L 15 guite possible that this form hus nothing Lo do with €
Frefiende Hust. and will ullinitely turn oot to be o new species. Furiher
investirations, which are now in progreas, are required 1o aseertain
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this point. If these will prove this form G0 be new Lo seience it formal
deseription will be given in a subzequent publiration. For the time
Ling, hivwever, it seemed to be wisest to enumerate it undee the above
used designation,

The Aype iz unconmon, it neenrs o sobmerged rocks or leaves of
liverworts,

According to Cholnoky (1955) it frequents acidie and possibly alige-
thermic waters,

Sample oo L sewece,

i, CYMLLLLA sp.

LongEh 400, width 16, striae 65 10 100, Thiz specimen does ot
seeim 4o regemble any known species very closely, The beoad unorna-
mented conteal arca on both sides o the raphe seems bo distinguish it
from the hitheeto deseribed foeme. Fig, 8, Sinee np to Che present only
2 gpocimens of ibowere zeen, s deseription must await the cesults of
further studies which are in progress. If these will prave this foro to
b new Lo seienee its loemal deseription will be given oo subsegquent
pbdication,

Sample Mo, L, searee.

G, GO BPHONEWA of, PARVIOLEM (Kole) Grun,

Lengthe T, width 55w, striae o 000 in {0 This specimen
appears to be similar to O parcadem (Rootz). Geone; however, the
rezpmblanee is mostly superficiul, The presnnee of the heoad, unorna-
mented central area on both sides of the raphe cleacly delineates it
Proae & perreadems { Witz Grone (Fig &), Uherefore 16 1s qoite possible
that this form has nothing to do with itoand oltimately will tuem out
b Lieav mew species, Further investigalionz which are in progress, ape
vecpred booclarify this peoblem. I Ahese will prove the alinve men-
tloned form to be wew Lo seienee its Tormal deseription will he given in
a subzequent publication. For the time being, however, it seemed to
L wisest, to enumerale it under the abave desigonation.

The type is cosmopolitan and often very eominon in =il waters.

[Tustedt (15577 thinks Lhat the species iz a saprophyle,

Cholnoky {1060a) found €, peesufim i neutral and allaline, meso-
Lrophic waters with high organie mbrogen content. In 1962 () he
further elabarates the anteeology of this forme G pareadizm s ool
complelely N auteteophic therefore it very olten oceurs in waters in
whirh the N convenfration varies greatly, The species may offen
develop in enormons quantities in moderately or steongly allaline
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waters which carry a high vrganic-N load (above 2-53 ma L) On the
other hand it cannot tolerate much higher osmotie pressures and 1t
undergees a apecilic change of form if the pH value is lowered. It
cannol withstand at all & pH below 8, Geneeally it is widely diztribnted
and probably is cosmopolitan. In his somewhat later work Cholonoky
(1962 ¢) summarizes his opinion in the following way: The species s
cosmepolilan and semetimes occues in great mazses in alkaline, moee
or less eutrophin waters.

Sarmple No, L, searee.

16. GOMPHONEM A LANCEQLATEIM (Ehr.)
var, INSIGNIS (Greg) Cleve,

Length 37, width Sy, striae 12-13 in 10 Fig 5.

The type is cosmopolitan in fresh water, ot oceurs rather seal-
teredly. The varietas 13 usually found together with the type, some-
tirmes, however. it exhibils greater divergences and a special. well
delineated areal. Therefore, sume authors think that it might represent
an independent species: insignis Greg. Its isolated neoureence in
Mammoth Cave may lend some support to this latter view.

Sample Moo LD, @ feiw,

b

[E— 4 ] L a Ity

£

— oy — Q0

Fig, 1, Cypibelic of. delicatula Kiitz, [possibly oow sprocies), Fig. 2. Oprbelln
cf, bredmad Husl. {possibly new species), Fig, 3. Cymbella spo (possibly new
spacies). Fig, 4. Gomphenesmae of, poreunlum (1itz.) Gron. (possibly new spe-
cies). Fig. b, Gemphorema lanceolafere [Bhr) var, insignds (Greg.) Cleve,
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Discussion
The investigations resulted in the determination of 16 difterent
dintom taxa which are envmepeated in Table L Their halitat in the
cave iz alzo indicated, One should eall attention to the Tuet that ool
of the six samples investignted only bwo owepee Tound to contain
diatoms, samples No, 10 and 12, It 3s cusy bo understand that a sample
(Moo 100 which originated from small ponds and pond mud collected

Tuble 1

Diatom Ocourrences in Mammaoth Cave

Bample N

Name of Orranism
i 12

Achnanthes wicrncephala {Kuls) Gron. +

Cymibetls ol brehedd Hust {possibly new)

Cymibella of, delicarela Kuts (possibly new)

Cymbella prostrate (Rerkl.) Cleve

Oymibelln sp. (possibly new)

Matome eulgare Bory

Fragilaria 5p, (eantu] view]®

Gomphaneair lonevotetum {Ehr) var, freigniz (Greg.) Cleve?

Gomphonema o parealom (Ruts) Gren, (possibly new)

Metosirg granulotn [Ehe) Pralls var angastiseima Mull,

Melosire vurians Mg,

Meridion cirenlnre [Grivillo) Ap.

Pinnulariz sp, (gicdle view)®

Sranroneis sp. (pedle view)®

Hynedra rumpens Kuts || #-

Synedra wlea [(Witzschl Ehre, var, exyrhynofies (lKutz)
van Hearck B

e e N S

A 1% _|- _|_

~ 4

Total: 16 taxa | 1%

o

Forms marked with ® wers not seen in the “Tresh preparations™,

with 1 spoon would sontain quite a large number of different Baeil-
lariophvta. This sample which made up a rather interesting and
unusunl assemblage, had 12 different taxa, of which at least four are
probably new to science; however, further investigations are required
to conclusively prove this point. The other sample that contained
diatoms [No. 14) originated {rom wall zcrapings which were growing
around & lamp. The four taxa found in Sample Noo 12 may well
have been autotrophs, deriving their source ol energy from the
lamp. An interesting facl, however, is that in thiz sample, where
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one wonld bnagine thal because of Lhe illuminalion the eeologically
limiting factars were more favorable for distom ceowth, only four
species were prezent, in contrast to Sample Neo 10, which reccived
oo illumination whalsoever,

Mo distoms werse [ound 1o the other samples, whicle s raflier sue-
prising. One would eapeciallv expect their presence in Sumples Nos, 4
and 12a where the colloetod material came from old logs, Sinee several
auxolrophic or even heterotraphic diatoms arve known it would have
been natural to find ot Jeast some species which apee able to derive
their nitritional requirements from the rolten wood growing in Lheso
habitats and it iz hard to underztand why diatoms did oot aeeare in
these pluces, The beo habitats inowhich diatom communities were fonnd
vary widely in their mieroenvironinent, Ooe of {hew reprosents sinall
ponids where henthie ar partially tyehoplanktonie communitivs could
develop while the other, representing the wall serapingz, should show
forms adapted to more or less aerial habitals, Sinee theee iz such g
wide discrepancy between the coologieal Baelors prevailing in the two
halitats, it i= not surprising that not a single speeimen was found to
e common Lo both of hem. The case 15, however, somewhat com-
plicated by the fact that o the material collected [eam the wall of the
cave, theee out of the four speeies aee definitely planklonie Toems,
allhongh mare commmnly reported feam the littoral zone. One may
spevulate aboul the significance of thiz finding; however, further
sludies are requiced Lo establish aoy dofinite results in this conoection.

[f one eompares the dintom digtribution of Mammoth Cave with
Llie distrilintion reported Team other caves some sinilarities will be-
come apparent, Inomost of the caves investigated up Lo the present
the oeeureenee of o certain dpecies wis restricled to jusl one or Lwo
laealitios in the cave, indicating that the vast majority of the soom-
plings bad thewr own algal community resnlling from possible diiferen-
ces 1 the microenyviromoental conditions of sach given habilal, The
onby cxeeption to this statement is represented by the peeureence of
Eunorin tringerind Wrazzke peported by Clans (196200 from 8 sainples
oub of a4 tolal of 19 collectod in the eelatively small cave of Ahiliget,
This exeeption might be due Lo the small size of Lhe mvesligated cave,
where transportation of the species und the less woll delined micro-
hiabitats might have furthered a wider distribution of £ fringeria in
the cove, In all the olther caves slodied, possihly becavze of their
dimensicns, o better separation ol the Jocalities ocenreed, which
helped in isolating the communitics of these difforent habitats,

From the section dezeribing the differont zpecies found in the Mam-
b Cave ik bevomes elear Lthal none of the species oecureed with
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any considerable alwndanee in the samples. From this point of view
ene cannot attempt any eomparison with the diatom communities
investigated in olher caves, vspecially sinee all of Lhe previous reports
were based on the vesultz of cultured material, which naturally do net
represent the original abundances of the zpecies. Tn this study no
cultures were abtemptod ws the inlention was Lo ascertain the oeiginal
mimbers of dintorms in o given habitat, The scarcity of the specimens
tound might be due ta one or many factors as pointed out by Claus
(L953), whe slated that culluring experiments were actually necezsary
in oriler to recognize the algol conununmty of & cave sinee comparatively
large arcas may have contained gnly one or o few specimens, which
vould easily be overlonked in direet microscopic examination, thus
vielding nacearale results, o stutement which corlainly seems to he
true for the dintom community of Mammoth Cave, On the othee hand,
Besides the eealogically limiting factors, such as lncl of licht, locl of
vreanie material uselul for auxoteaphic geowth, ete., one mav add the
Fact that these distoms, which seem to be primacy producers, may be
used up in the food chain of lewer invertebrates, thus making Lheir
HPPHHECANCE PVEN M0 SCArCE.

Sinee, as 1lowas menbioned in the paragraphs dealing with materials
andd metlods, the snmples were divided alter theie arrival nomediately
inlo bwn partions, ane of which served as a “fresh preparation™ in
peder Lo aseertain the presenee or absence of chloraplasts in the spe-
cioen, and it was lound {see Talle 1) that onlv four auk of the 16
taxa identifled were nol obzerved in these “Tresh preparations" and
thal the elher twelve forms weee seon fo have well developed chloro-
plista, a facl which gives Fuether indication that the diatoms collerted
in the caves were, i not surely antoteophic, then ol least auxoleophic
species. Heterotroply in this case may quite well be roled out sinee
all Lhe koown heterolrophic diatom species eithar possezs no chlorae-
plasts or theie chloroplasis occur almest completely in a deeolorized
fornt,

The fact that at least one portion of the distem communiby seemed
able to retaim is assinnilaboey pigments mayv indicate that the diatomns
have voly lately hecome inhabilants of the cave, perhaps having heen
awrept 1o recently by water currents, This assumplion is Turther coero-
barated hy the presenee of the {ew cuplanktonie Torws found especially
in the wall commumty, T waz mentioned earlier that the levels of the
nndergronnd waters of the cave undergo tremendous seazonal varia-
tions during the zpring food periods. Laree portions of the cave might
Lecome completely flooded with water sweeping in planktonic forms
from the surface, After the abaling of the lugh waters, some of thess
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planklonie forms could be depozited on the cave's walls, there vege-
Lating for a while in the ecological conditions presentod b the new
aerial envirnnment. These planktonie forins may be able to withstand
and live through considerable periods of such a new environment as
thal presented by the rock walls of the cave due to the constant 1009
relative humidity of the cave’s almosphere. Although these forms are
limited in their motions by having been depesited on selid surfaces
there is no other basic differenee between a watery environment and
an aerial environment affording constant 1009 humidity, with the
sele exception of the lack of motion of the water {currents, waves, ete.).
These movements, however, are not primary factors affecting the lives
of such planktonic dintoms as were fonnd in the cave, sinee the plank-
tonie forms identified in this study are generally the inhabitants of
still waters and many of them oceur in the littoral zones, in Labitats
upom which the movements of the water natarally do not exert any
profound ellect.

The dintom community which was found in the poolz of the cave's
flone seems to be g self-contained eommunity {large nwmbers of
differemt species) and therefore cannot he conzidered a recently acqui-
red ocoupant ol the cave. The awtecology of Lhe lomns found in the
pond communities elearly indicales that only such speeies occnrred
there that had already adapted themselves to a neuatral — slightly
alkaline, well oxvygenated and meso te euteophic condition, The low
wwinber of specimens found, unfortunately does not allow the carrying
it of a Thomasson’s analvaiz (1925) in order to determine the exact
ecnlogical conditions of the particular habitat, bul in epite of this, the
facl Lhat not a single speeiez was found in the above mentioned com-
munity which shows an ecological demand different from that exhibit-
ed by the majority of Lhe species indicatns that the small ponds are
populated by diwtoins particularly adapted o this environment. 1f
this is the case, one may come to the conclusion that the diatem flora
of the pond must have undergone peciods of adaptive processes and
cottld not have become established in only recent times, Anolher clue
o this supposition can be foimd in the oecurrence of the four, possibhiy
new, specles in this habitat. Tf all four of these forms will, indeed,
prove to be new to science, one has to decide whether or not these
forms are the producl of the special cave envieonment or are derived
from an as yel net well nnderstood surface flora. In this conmection
it secms interesting to point oul that two the Cymbela species, which
might be new, and also Gomphonema of. percwliom, had an unosually
broadened and ornsmented central area, which clearly distinguishes
these Iorms from the types to which theyv show the closest afiinity,



Speleology T Van Landinghom R

The develaprient of such broad central areas in theee distinet and not
very clusely related species may or may not be due Lo the sperilic
enviennmental fuetors afforded by the cave. Therelore one may state
thal the diatom florw of the Mammaoth Cave, which is only partially
known, aleeady exhibitz features which male b difficult to beliove
that sueh a flora was only recently derived Teom o sucface diatom
eormnmunity, [t 1s much moee logicul Lo suppose, a8 has been favored
Ly Claus (loe. eitt.), Pahk (lac. citt.}, and Suba (Joc. eitt.) in the coases
of uther cavez, that the dintom MTora of the Mummoeth Cave iz the
resilt of wnuneient community, which has undergone specific adapta-
Lions to the sublecranean habitats during the course of recloge time,
and iz nok derived from Bhe peesent sueface Qora, but las been i the
eave and las thrived there since the time of the cave’s formatinn.

Although the stady of the diatem flora of Mammoth Cave is still
redatively incomplele one may make some comparisons to the Noras
roported from other caves. In Table 2 all of the Bacillarophyta oe-
ported from difforent eaves aee compiled. One may see that the mum-
Bera of spreeies common to the varied troglobitie habitats wee almost
non-existant, Caves Iving either eloge to each other like Baradla and
Poeace, or zeparated by thoosands of miles, like Abaliget and Ma-
mith, bave bul one e two speeles o common, 6 iz wolorbonate that
no enmparigon can be made between the caves of Laeac! investigated
by Fredmann (1062) aod the other known cave floras, Unforto-
nitely, Friedmann does ool enumerate the different diatom speeies
frumd by hime sod only mentions their presence as “diatoems™, The
lack af pommen seeurrenees among the cavernieole dintoms in Lhe
caves of Hungary and the similar lack of occourrences hefween the
previously mentioned caves and the Mammoth Cave woold give good
support to the ideas of the previously mwentioned anthors and also
further our nwn conclusion that each rave bas iks own diatom popula-
tion, which s specifie Tor it and is entieely different froo that ocenering
either on Lhe surface or in other coves, This supposition. however,
mevitably leads te the coneluzion that the dialom commounitios of e
caves cannoet have had their ovigin in present or eecent times, bul
must have been derived Trom such surlace communities which existed
at the time ol the cave's formation, showing an autochthonons exiztenen
and development,

The Tact that the two samples in which the presence of diatoms
comld definitely be ascerfained withont any priee culturing contained
16 different taxu, shows that the dintom community of the Mammoth
Cave must be a well developed and diversified one. From this poind
of view the cave does not differ From Lhe other caves myvesligated thas
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[ar. Exceptions, naturally, ocenre; thus from Teace Cave Claus (1962 h)
reparted only four species and in the cave of Palvilgy (Suba, 1957)
only twn diatoms were [ound, Both of these authors, however, empha-
sige the facl that their papers have o more or lesz preliminary character
and that further investigations nndonbtedly will resull in a great in-
ereaze in the diversity and numbers of algal species found in these
caves. From Lhis poinl of view Sample Mo, 12, obtained in Maminaeth
Cavi, 18 quite instructive sinee no data existz in the literature in which
L2 different taxa are reported from a single troglobitic habitat, This,
however, does not mean that when further investigations are condue-
ted in other caves one will nol comee up with similar results, 1t iz quite
poseible thal the diveesity of species found in the mentioned sample
is o to the method of eollection, which is dilferent from that ased
previcusly, From the above considerations it is also clear that our
work also has ouly o preliminary character, [F twn samples peadueed
16 different taxa there must be a great many more taxa to he found
in other habitats of the eave. Thus it 15 mest desicuble 10 continne
this type of investigation of the algal floras of the caves in order to
zain o better understanding of the eave algal communities. T4 seems Lo
be guite necessary to alzo conduct culturing experiments along with
the diccet miceoscopie investigations in order to nd those speeins of
rare cccurrenee which mway be present in few numbers in the samples.
Siuee no culturing hos been emploved in the present invesligation il
15 casy to understand why the other 4 investigaled samples appeared
deveid of diaboms,

T summarizing oue cesults we can eome to the Tollowing conelu-
sions: Lo An autochthonoos diatom eomnnity with s diversified species
dizstribntion eceurs in Mamemoth Cave, 2, This diaten community has
suely peenlizeities on the busis of which it cannot be derived from the
present diatom Hoea of the surface, but seems to be a derivalive of 4
more ancient type of vegetation which peobably has been o the cave
giner near the time of its farmation. 3. The greatest mojority of the
specimens found had well developed chleroplasts indicating that they
are either autotrophic or auxotrophic, bt veey possibly nol elero-
trophic, Sinee the above enumerated three conclusions were reuched
by all Al previous aothors who deall with the investigations of the
algal floras of caves one muy state that the diatom flora of Mammoth
Cave does not differ, except for it composilion, in any basic fealure
from the floras repovted for ather caves,
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SUMMARY

Samples collected in Mammoth Cave, Wentucky, revealed the presence
af a diversified hul not Loo abundant Diatom community in the cave, As
{he material was not subjecled tnculburing experiments bul was investi-
gated innnedinbely afler areival, both in native and permanent prepacalions,
it was possible Le: 1. azceelain that the majority of the dialoms contnined
woll developed, apporenily heallhy and nctioning clloroplasls and 2. to
ot a rough estimate of the actual number of specimenz peesent in o miceo-
habitat,

Th identitications resalled o the recngnilion of 46 diatom tuxa of which
pressibily 4 ave new to science, Further studies are, however, reguiral Lo
ascortain this point.

FURAMMENFARSLUNG

Proben ans der Mammoth-Hahly [Kentucky) zeiglen, dabi ¢ine verschie-
dene, aber nicht sehr abuodante Diatomemm-Population in dieser TSR lebt.
Dra das Material nicht kuliviert, sondsrn solorl nach seinem EinlreMen sn-
woltl naliv als nuch in Form voo Dhauerpripacaten wntersaeht wirde, konnte
man feslstellen: 1, Die Melezahl dee Diatomenn enthielt gut enlwickelts,
olfensichilich gesunde und funklionsfihige Chloroplasten, und 2, konnle
vine anpihernde Sehitaung der vorkommenden Todividuen srecicht werden,

Liie Bestimnungen ergaben 16 Diatomesn-Taxa, von denen & miglicher-
weeise 1en e die Wissenschalt sind, Doch bentitigt diese Frage ooch weiterer
Untersuchungen.
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