Preluminary Note an the Algae of Crystal Cave,
Kenfucky

By LI Nanyl)

With 3 figures in the et

Introduetion

In ronnection with the International Zoolopical Congress held in
Washington, DG, in 19063 we had an opportunity to pay a visit to the
Ientueky Karst Region and to investigate the Mammoth and Crestal
Caves, On this oeension we eollected some materiul lvom Crystal Cave
which seemed to contain algae and the results of this preliminary
study are presented hereo One must point out in advanee that onr
collections did not Jollow any syslematic pottern; altogether only
fonr sumples were talen, which served only to aseertain whether or
not algae oecar at all in Ceyatal Cave and if so, to supply a basis for
more Lhorough investigations,

Since Lhe works of Clavs (1953, 1960, 1962a, 19620, 19644, 1064h):
Friedmann (1955, 1056, 1901, 1962); Palik {19604, 1960h) and Suba
{1957 the attention of botanists las breome forused on an almost
forgotlen aren of research, phyto-spelealngy. Around the turn of the
XI1Xth century this new hranch o science underwent a sturlling
beginning and rapid development, sspeeially in Western Furope, just
to submerge again into oblivion, The cause [op this may well lie in
more than ane factor, Barlier workers, baing nnaware of the possibility
that ehlorophyll containing green pigmented plants may utilize or-
ganic matber for their asaimifatory activity without or in the presence
of ooly miniol umination, thought that the plants they found i
the caves had to muke wse of the amount of light, no matler how
small it was, for conducting their lilv processzes. In such instances
when peneteation of light in the depth of caves could be satisfactorily
pxcluded the presenee of only truly beterntrophic sppeies was experted
and, indeed, hesides fungi or bacteria no plant has been reported
feom the iolerior of caves by Lhe majority of workers, In the few cases
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when algue, mesaes, ole, were lound to grow in the Lolal dorkness of
the deep ecave epvirgninent the invesligators were Toreed to come up
wilh Tantastic explanalions for the seomingly autobrophic theiving of
phints in the darkness. Just to meotion an example, Maben [1903),
the obhwewize excellent binspeleologist, in order to solve the question
o aasimilation came to the conclusion tlat the gereen pigmented plants
nbibize the light emitted by Buorescent Tungi. Naturally such hypo-
thears were aceepted with geave scepticism on the part of the seien-
tific community and other iovestigators gquickly came to the con-
elusien that either the reporls of the presenee of pigmented plants in
the caves were crronerns ur i they really occurred, they must have
been accidental elemenls swept in recently, or conld be found only in
the form of spores or other “surviving organs.” or that they lived 1o
the photie zone, 1T any of the above enumerated explanalions are
serionzly Laken, however, there is bot little space leit for o botanist
to work 1w s cave, The true Leterotrophs, [or instanee lungt growing
o old Legs, o plants cecurcing in the photico zones of the caves did
wolb wield versatile enough material for investigutions, and on the
obher hand o interesl was aroused in invesligating the “accidentally
awept in forme™ o determiniog what kind of “spores or other sepro-
ductive units™ may have been careied mto the eaves, In view of the
above romsiderations it 45 not sueprising that alter the ebbiug of the
initinl enthusissm near the end of World War I, only a2 seattered Hiara-
ture now deals with phyto-speleclogy. Thus, the papers of Clans (loc.
eitl. ), etes actually el into a more or less eomplele vaeunm and by
Lrying to revitalize a onee thrivieg, but by then almost dead, bhranch
of geience Lhey were grected again with sceplicism,

As il was pointed out carlivr we entered this field of investigalion
with exactly the snme Kind of scepticisin in our minds and more oot
of curiosily than due Lo scientific conviction we collected a few
samples from aveas presumahly habitated by algae. The results of Lhe
divecd microseapie investigations and ol the culluring experimaents
wers rather surprising which warrants Lheir publicalion.

Crystal Cave is part of the Flint Ridge Cave System and s located
in the Central Kenlueky Karsl, In spite ol itz extensive infercon-
necting passages it wiz nol diseovered and opened to cxploration
until 1M7. Unfortunately, its discoverer, Floyd Colling, did not ¢on-
duct any nlensive investigations and until 1947 when Dyer and his
group started to map the cave, no detailed studies concerning this
major eave af the IFlint Ridge Syatem had been done (see in Smith,
18640, The idea thot the five major caves ocenering in the Flinl Ridyge
region are imtercannected with each othier was alveady supposed by
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the French spelengist, Te Couppey e La Foreest (1903). His paper,
lowever, did not give rise to sulficient inberest among cave rescarchers
in trying to prove or disprove his theory, Only lately (Augost, 1961}
a group headed by Kelley, Deamer, YWerner, and Powell {(zee in Smith,
1964) was uble to dermonstrate that there is a single connected eave
system below the Flint Ridge, composed of Crystal, Unknown, Colas-
gal, and Saltz Caves. By now a tolal of 35 miles of passages Liave heon
surveyed and it seemsz that some of the oz yet unmapped passages
may connecl the Flinl Ridge System to the world's largest cave to
the soredd, the Mammoth Cave,

Thre kentucly Karst is buill ap from odlitic Ste, Genevitve and
Girken limestnnes of Chester and Merramae Ages and in these limne-
stones Lhe cave passages are excavated. The lmestones aee coversd
with a thick (at places 110 fL) layer of Cypeess Sandstone. The
layers of these formations incline tewards the Green River (1o the
northwest), which colleetz: most of the undergronnd waters of the
HAGES

According to Watson and Smith (1963) the relative humidity in the
caves of this system varies between 80 to 100 pee conl, and zsimilarly
the temperature and air flow show considerable Quetuations, These
weroelimuatic condibions exhibiting suely varianee in a single cave may
reault inonogreoat variety ol microhabitats with different faunas and
{lnras.

The installation of electrical illnmination in Grystal Cave natoeally
may have produced some ehanges in the troglobitic fanna and flera
of thesr undrergronnd habitats, but due Lo s rather recent aloctri-
ficatiom and the relatively smaller nonber of peaple than those vis-
iing nearhy Marmmoth Cave, these changes cannot be too profound,
cepecially in view of the [acb thal the lights are only furned on for
shart periods of time. Otherwise, except [or the immediate entranee
area, there iz complete davkness in the entire cave,

Materials s Melhods

For collecting mwateria] in the cave the methads recommended by
Clans {18955, 19624, 1952 h) were used ; with the aid of carefully steri-
lized nztruments sorapings of the walls, stulaclites or stalagmites
were apcured and placed into autoclaved collerting vials, By this
technique i was hoped that anv ceoss-contamination betwen the
samples, or contamination by extraneous material conld he aveid-
ed. This indeed seemed to be the case as the following cul-
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turing experiments resulted In two instances of monoalgal cul-
tures.

Upon our retuen ta the laboratories we immediately microscopically
examined small quantities of the samples in order to azcertain the
presence of actively vegetating algae. As it was pointed oot by Claus
{loe, citt) such a procedure is impractical and rather tedious sinee
large surface arcas of the cave often harbor only one or a few algal
eells. From this point of view we were in a rather fortunate sitnation
as all of our samples contained some algae which beeame immediately
apparent during the investigation of the native material. Sample MNos,
1 and 2 actually contained quite extensive thalli of a Chlora-, and a
Ehadophyton which eould be readily identified prior to eulturing.
Chae st adid here that the Bhodophyton which turned out to be an
Asteroeytiv speeies did not grow at all in the sulisequent cullurings.
Thus, had only the cultored malerals been investigated, it would
never have heen found, No spores or algae in resting stages could be
found during these determinations.

Alter investigating the “native™ samples the rest of the material
was transferred noder sterile condilions to autoclaved glass boxes,
filled with sterile Knopp's solution and the boxes were placed in a
culture chamber where they received an illumination of 18 houes per
duy, with approximately 2000 lux intensity, After aboub six weels,
when the material in the hoxes showed signs of colorization, prepara-
tions were made from their contents und the algne found were identi-
fled. The rest of the material waz forther cultured for another six
weeks, at the end of which time the boxes were reexamined, No forin
was found at this Lime, which had not been already observed at the
previcus determinations; only the quantities of the different species
changed.

The lovalities Trom which the four samplez eollected in the cave
griginagted and their macroseopic habit is the following:

Sawple Mo 1. Heavw, grass green growlh around a lamp on o
relatively dry wall surface close to the ceiling, About 400 m. from
enbrance.

Sample Moo 2. Extensive dark gray mucons growth in crevices of
wall, wetted constantly by seeping water, About 450 m. from ent-
raner.

Sample Mo, 3. Whitizh, fungal () growth on speleo-clay and lower
portion of wall, About 480 m. [rom entranee,

Sample No, 4. Orange colored Tungal {#) growth on small stalactites
op stalagmites, About 550 m. from entrance,
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Fig. 1. Portion of Crystal Cave.

After Cave Fesearch Foundation

Map, 1963, Numbers indicate the
lpcalities of zomples,

The approxunate localities of _) %&
the samples in the cave are I
mearked on the included sketch, ; &

Tor the identification a Leitz
Orthelux research  microzcops
wilh 4lsc, 635 and 93 ob-
jectives and with 12.5% nenlars \_._/
wag usged, The drawings were S
prepared with the aid of a ca-
mera Jneida.
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TANONOMY
CYANOPIIYTA
{Chamaesiphonaceae
1LOHAMAENIPHON GRACILIS Rabh.

The specimens were found attached tn the mineral subslrate among
the mucus of & red alpa and were growing well under the arlificial
eonditions, covering the small grains of limestones nn the bottom of
the culturing flasks. This linding zeems to be the frst report of &
Drermocapsales from a cave. With the finding of OH, CRACILIS in
Crystal Cave representatives of all of the orders of the Cyanophyta,
exeept for the highly specialized Cyanophanales, have been deseribed
[rom a speleg-envieonment. Ohserved both without and with eultaring.
Tig. 1. Sample Nao. 2,

Oseillatoriaceans
FOSCFELATORIA NEGLECTA Lemm.

This species seems Lo be a cosmopolitan, widespread form and has
also been found in Mumuneth eave (Jones, 1964), Observed hoth with-
out and with culturing. Samples Nos. 2, 4,
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BACILLARIOPIIYTA
Naviculaeeare
SONAVICULA WETICA Witz var, NIV ALLY Witz

The wvariely has been reported [rom mounbainous ceglons aod
usuully a psychrophilic charaeter i3 aseribed to it Claus (1955) found
it in the Baradln Cave at Aggtelel, Hongary, and evaluated itz
presence as a pozsible ¢lue to the preglacial or glacial origin of the
cave's algal Nora; of. “Discussion,” Observed only in the cultueed
material, rather scarcely, Sample Moo 4,

PYRERHOPHYTA
Gymnodiniaceae
ALGYMNGDINTUN TENUISSIMUMN Laul.

The tinding of this motile Torm in a wall seraping of the cave is
surprizing. This seems to be the second veport of the accureence of a
Fyrechophyvton in a eave; a swarmer— unfortunaloly nob the adull form,
thus we do not know the exact name of the species, of a Gontenler
haz been deseribed by Claus (1962a) from the underground viver of
the rave of Abaliget, Hungary. Seen only in the cultured material,
among fungus hyphae, Sample No, 3.

CHLOROIHYTA
Talmellacean
S NV AILORIS WINDTTA Avee ot Bold

The material of the sample was practicallv o pure culture of this
species (a few bacterin were found among the algae). Obzerved both
without and with culturing. Sample No. 1.

(oeystaceas
. SCENEDESMUS BRASTLIENSES Bohlin

This originally planktenic, - enteophic species ccourred in quanti-
ties in sample No. 2, and was found easily without and with culturing,
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Fig. 2 Fig, 2a Fig. 3 Fig, 5a

Fig, Y. Chamaesipbon graciliz Rabh, Growinge in the mucous matrix of
Asterocytis smaragdizna, 530 . a) Bame as above but single insdividual
attached Lo mineral deleis. 1500 .

Fig, 3. Asterccyllis smaragdiang (Feinseh) Fortic General habit of coleny.
100 s a) Bame as above, single filamenl. 750 .

RHODOPHYTA
Goniotrichaceas
TLASTEROCY TS SMARAGCDIANA (Reinsch) Fortl

The highlv mneous thalli of this species built extensive lavers in the
croviees of the lmestone wall of the cave, The threr other spoecies
found in this sample apparvently used the neus of the red alga rither
for rmtrition or as o shelter, While A smaregdinna did nol grow in
the cultorez and eould be studied only in the fresh preparations, Lhe
cohabiting species did well in the inovulom which may serve as un
indication of their anxoe-, if nod, autetrophic natlure, e they more
probabily just lived together with the Bhodophyton withoul nsing its
maeous for putrition.

To our knowledge a Hangioid red alga has as yet nof heen reported
from the depths of a cave (ef. Fricdmann, 1956, 1062, Geitler, 1943),
thus by the finding of A, swarapdiona deep in Crystal Cave, vepresents
atives of both classes of the Bhodophyla in a tewe speleo-environ-
ment could be aseertained. Fig. 2 Sample No. L.

Sample Moz 3 and 4 contained alse pozzibly more than one fungal
gpecies hesides the algar: no attempl was, however, made cither to
culture or to identify them.



480 Spaleclogy 1 Nagy

Tuble 1
Chernreences of algan in Lhe dilferent zamples

Name of Spoecies Samypls Mo, | 1 | & 3 &

Astersegtis amarapdiena [Reinseh) Forti =

Chamaesiphon gracilis Rabh, =

{rgmnodin o benedasimum Lant. =

Napieula muticg itz var. nivelis itz =

Nenehloris minufu Arne ol Bold b

Cisepllatorie neglecta Lomm, = =

Seenedesmus bragiliensis Boblin *

Total taxas 7, i 4 1 2
Diigenssion

The identifications carried ont on Lhe four samples resulted in the
recogmtion of seven algal speeies, the systematie distribution of whicl
is as Tollows: Cyanophyta, 2 species: Bacillariophvta, 1 varietas;
Pyrerhophyvta, 1 species; Chlorophyta, 2 species; and Bhodophyta,
1 spovies, The identified taxa and their loealitios o the cave is
presented in Talile |,

It Js pumediately evident feom this table thaf each of the Toup
eollertions must pepresent an isolated microhabital as only a single
species necureed common o even two of Che samples. This and the
fact thal samples Nos L oand 3 gave a undaleal cultore and a enlture
showing only tweo species reepoctively, is prabalily thie best prool of
Tack of eross contamination, or contamination by the air duding the
cilleeting and transfereing processes. As the microscopie examioation
carmed out immediately after oor petuen affirmed the presenee of
clilorophyll comiaiving, upparently setively assimilaling algae in theee
of the fvur samples one may by reasonably sure of their indigenous
nature in the cave,

Sumple No., 3 deserves special mention. This colleetion contaimed
macroseopically visille thalli of Asterecigtis and in tlie mouens of this
Bangioid red alga, 3 other algae ocenreed in considerable quantity,
oul of which Chemeesiphon gracilis is particnlarhy nodeworthy, which
will be dizoussed Inter. Red alpue have already been reported from
caves, both Teom the photic and aphotic zones, representing atmo-
phyvtic as well as true aguatie epecies, Thus Geatler (19463} roported
Phragmonema sordidune Zopl [rom o small eave near Lunz, while
Fricdmann (1057, 1962} desvribed the 2ame species from iwo caves in
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Isracl: Beit Guvrin 4, and Sanhedriva. All three of these orenerences
however, were in Lhe photic zone, Le, Lheee waz enough light pene-
trating inta the swall caverns where this Rhodophytan thrived to
supply it with the adequate amounds of energy necessary Tor its assimi-
latory activity,

Astereeytis, on Lhe other hand, was found deep in the interior of the
cave (450 me from the enleance) where 1L receives only some dilfused,
interpmittent and short periods of illnmination fom a eelativelys
distant electrical buolb. Even il one conziders the relatively low
light requirement of some algae the Lght available for Asterociytis
m the eave clearly cannot bhe sufficient Lo supply it with ad-
equate vneegy Tor assimilution, Thos the question of what energy
sonrce this hodeplvton utilizes for its life function lemporarily
remaing nharure,

Cther Bhodephyta are known to ocenr in the lotal darkpess of
caves, Ulaus (19624, 19620 deseribed a Chartransie chalypbea — like
Torm Teomy the cove of Abaliget and another similar Chonlransia spe-
cies from Peace Cove, while quite recently Jones (1904} discovered
Lemanew fornlosa (Roth) Agin the Mammoth Cave. All theee of
theae fomnz, however, belung to the Flovidear and the oceurrenee
of lsteracyiis in oo deep cave envicowmenl is the first report of
a Bangioidea living under practically aphotic conditions. The Jis-
covery of this speries inoa brue speleo-environment eompletes Lhe
list of representatives of all of the major claszes of [resh water algan
in eaves.

A Further interesting foct Lo Lear in mind in conneetion with the
preurrence of Asteroegiis 15 thal il was found geowing oo Che wall of
the cave, thus il appeared in an acerial envirenment, OF the olher ved
aleae reported Tromy caves only Plraguoenerig is a troe acrophyte
while all of the etherz Gve under aquatie conditions, usually proferring
rapidly Qowing waters with high O, contont. The Chortransio sp.
frot Abaligel and Lemaren forwlose in Mammoth cave, however, alse
orenrred gither on the wall of the caves or were altached to old logs,
This Tuct, Le, aquatic plants occurring as acrophytes might well be
due to the almost constant T per cent relative huidity of the cave
prvironment,

The other noteworthy species oecurring In Crystal Cavee iz Climoes-
phon gracilis, This form is knewn Lo be an epiphyte on ather algae or
higher aguatic plants, whereas in the cave ib wag found o grow anoe
i Al thallus of Asteroegits, Latoer, in the culbures, it was attached Lo
small mineral particles. The oceureence of a Dermocarpales in the
speloo-enviconineal i3 interesting coough by itself, but the fact that
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the Chameesiphon urew on the thallus of an aerophyte under asrial
conditions, furthermore that it was later possible to colture iLin un
artificinl medinm make its diseovery even more important, [E seems
to b the fiest Chamacsiphonaceae ever reported from o cave and ever
cultured snecessfully o a laharators

Dlue Lo the preliminary tvpe of this work, and the randomness wod
gearcity of the samples collected, one cannot malke any inferences ns
to the extenl of the aleal flora of Crvstal Cave. One can, however,
arrive ab one tentative conelusion, 1, e, the algae sceurring in this cave
are quite different o those Found in any other investigated speleo-
environment. Excepl for Oweilfatoria neglecia, which seems to be a
quite commoan eepeesentative of many cave algal floras, not another
species cecureed in the sumples which has Leen reported from the
nearby Mammetl Cave (Jones, F#HGA). Thus i the cave algae wonld
hiave originated or are still oviginaling from the surface algal foras
somng cornnon speries fa the bwo caves woold have been pxpected,
This not being the caze, one mav agree with the ideas ol Claus {loe,
vitt.) that at leasl poctions of the cave algul floras originate from the
timne of the cave’s formation, Lthus cepresenting a reliet type of veme-
tatinn. This stutement gaing further eonfirmation by the ocoureence
of such interesting forms as the Asterocylie or Chamaesiphon dis-
cusand above.

BUMMARY

Collections of a preliminury type carried sul in Crystal Cave, Kentucky,
resulted in the identification of seven algpal taxa, A Chemessiphon | Dermo-
carpales] and an Asteroeytie (Bungicideal are eeported for the fiest time
from a speleo-environment. As po correlalion could be found among the
algoe occurring in Crestal Cave and ose of nearby Mammoth Cave the
conclusion is reached that the cave alral floras do peb originate from the
algal vepetation of the surfuce but may have gotten inte the caves at the
time of the lablers formation.

AUBAMMENFARBSUNG

Sammlungen von vorlivfigem Chavakbor worden in der Cevstal-Hifhle
PRenfuclky] durchgelitert, Sie crgaben die Bestimmung von 7 Algentoxa,
Eing homaesiphon [Devmocarpales) und cine sAetaracytis (Bangioidea) wuar-
den erstmalig aus eioer Spelec-Umgebing beschricben. Da keing Korrelas
tion unter deo aps der Crystal-TToble und jenen aus der noheliegenden
Marmmnlb-Hihle stammenden Algen festgeatelll werden konnte, scheiol die
Folgerung hestitigh wu sein, dad dic Algenoren der Héhlen nichi von der
aufenweltlichen Algenvepetation abslammen, sondern dal sie in die Hilden
wie Zeil threr Entatehung eingebracht wurdaon,
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