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Abstract — The light requirements of sessile algae were studied. Hydrurus
foetidus and Ceratoines arcus developed under nommai conditions. Homoeothrix
janthina, Achnanthes minutissima, A. pyrenaica, A. lanceolata, Diatoma hiemale with.
mesodon variation, Gomphonema intricatum var. pumilum, Meridion circulare also grew
where light was deficient. Amphora ovalis var. pediculus preferred the latter conditions,
as did Cocconeis placentula var. eugiypta and Navicula cryplocephala.
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1. Introduction

The present study is a continuation of research on the light require-
ments of mountain stream sessile algae. Previous investigations were
conducted using the light intensity gradient under bridges (Kawecka
1985, 1986). The present work aims at obtaining further information on
sessile algae communities under the conditions of the light gradient
formed during the flow of a stream through a cave.

2. Study area

The cave Wodna Pod Pisang is situated in the upper section of the
Koscieliska valley in the calcareous part of the Tatra Mts. The entrance
to the cave can be found near the road on the right bank of the Koscie-
liski stream, which flows along the valley bottom. The cave is of hori-
zontal development and about 300 m long. The stream flowing through
the cave is fed partly by subterranean waters and partly by those of
the Koscieliski stream. The stream flowing through the cave exits from
it under the Pisana Rock in a northerly direction, at an altitude of 1020 m.
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It runs through a fairly wide rocky corridor (about ! m in height) for the
last 5 m before Its outflow from the cave. It drains into the Koscieliski
stream about 10 m from the outflow.

The investigations were carried out twice, on 23. 04, and on 17. 10
1986. Light was measured with a Type 102 luxometer. A significant light
deficiency could be observed near the outflow, where only 4°/0 of natural
light penetrated. Light intensity further decreased with distance inside
the cave, falling to a value of 0.4% of natural light about 1.5 m from its
mouth. Deep in the cave at the point from which samples were taken
complete darkness reigned. The water of the stream flowing out of the
cave had a temperature of 4.1°C and a reaction of 7.2 (23.04.86). In
April the water level of the stream was high and penetration into further
sections of the corridor and the cave proved impossible. The level be-
came relatively low in August, so that at that time material could be
collected from the deeper parts of the corridor. Then, too, the bed of the
Koscieliski stream was dry above the cave, flowing only after being fed
by the water from the cave.

Seven localities were selected for study:

Station 1 — in the Koscieliski stream near the cave;

Station 2 — in the stream inside the cave;

Station 3 — in the stream inside the corridor about 3 m from the
mouth of the cave;

Station 4 — in the stream inside the corridor about 15m from the
mouth of the cave;

Station 5 — in the proximity of the outflow from the cave;

Station 6 — in the stream flowing from the cave, about 2 m below the
outflow, in the shade of the Pisana Rock;

Station 7 — about 10 m below the outflow from the cave.

3. Material and method

Algae were taken from stones, deposits from slime and mosses also
being collected. A total of 21 samples was obtained. The material was
preserved in a 4% solution of formalin. The quantitative evaluation of
algae was carried out according to estimation methods proposed by
Starmach (1969) and described in detail by Kawecka (1980). The
degree of algae and moss cover forming macroscopic Concentration on
about 1—2 m?2 of the stream was estimated using the five-point scale of
stream-bed area cover:

1 — organism scarce,
2 — organism covers less than 25%,
3 — organism covers 25—50%b,

4 — organism covers 50—75%,
5 — organism covers 75—100%.
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Solid preparations were made with "Pleurax” synthetic resin. On the
basis of those preparations, the number of diatoms was determined by
counting cells of each species in 10 fields of vision of a microscope
equipped with a Zeiss micrometric net in the eyepiece. The percentage
share of each species in the community was calculated and numerous
(at least 5°/0) and sporadic (under 5°/0) species were determined. The
coefficient of coverage was obtained by multiplying the number of a
given species by its mean cell size. The size of cells of particular species
was given in multiples or parts of the net mesh. By multiplying by 2 the
total coefficients of coverage for all species, the arbitrary diatom bio-
mass index was determined. It was described as very low, at values below
400, low at 401—800, average at 801—1200, and high at above 1200.

4. Results

The formation of algal communities in the stream under light gradient
conditions is presented in fig. 1. Under natural conditions of light, i.e. in
the Koscieliski stream near the cave (Station 1) and in the stream flow-
ing out of the cave (Stations 6, 7), Homoeothrix janthina, Hydrurus foe-
tidus, and diatoms dominated. The high index of diatom biomass was
mainly caused by the development of Achnanthes pyrenaica with the
accompanying A. minutissima, of Diatoma hiemale with mesodon variety,
of Gomphonema intricatum var. pumilum, and of Ceratoneis arcus.

Only diatoms were encountered inside the cave (Station 2). As the
organisms formed small populations, the biomass index was low. The
most frequent cells, were those of Achnanthes minutissima, A. pyrenaica,
Diatoma hiemale with mesodon variety, Gomphonema intricatum var.
pumilum, Cocconeis placentula var. euglypta. Some cells of Diatoma
hiemale, Ceratoneis arcus, and Cymbella ventricosa had well-developed
chloroplasts but most specimens were dead.

The development of algae was very weak in the rocky corridor about
3m from the mouth of the cave (Station 3). They did not form macro-
scopic concentrations, detritus dominating the material collected. The
diatom communities present here were poor in taxa, they formed small
populations and their biomass index was very low. Most of the cells
were dead, only a few Diatoma hiemale and Navicula sp. specimens pos-
sessing well-developed chloroplasts.

About 1.5 m from the mouth of the cave (Station 4), there was a sud-
den development of diatoms, which formed macroscopic concentrations.
A number of species occurred in large populations, causing the diatom
biomass index to attain high values (in April even higher than those
established for localities situated outside the cave). This was mainly
caused by the development of Amphora ovalis var. pediculus, Cocconeis
placentula var. euglypta, and species of the genus Achnanthes.
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A further development of algae was observed in the proximity of the
outflow (Station 5), where Homoeothrix janthina and diatoms developed
well. Of the latter, Achnanthes minutissima and A. pyrenaica, and Gom-
phonema intricatum var. pumilum significantly increased their popula-
tions, particularly in October. The diatom biomass index reached high
values, similar to those from localities situated on the surface.

5. Discussion

Information on the light requirements of mountain stream algae is
very scarce. Observations in the conditions of a strong light gradient
permit a certain evaluation of their requirements in this respect. The

Fig. 1. Sessile algal communities in the stream flowing through the cave, a — cover
scale; b — cover includes a group of species; ¢ — numerous specaes and number of
cells; d — sporadic species; e — section of cave. Sporadic species: Chamaesiphon curva-
tus Nordst. — 4, Ch. polonicus (Rost) Hansg. — 4, Phormidium sp. — 4, Achnan-
thes clevei Grun. — 4, A. kryophila Peters. — 2, A. lanceolata (Bréb.) Grun.
var. capitata O. Mull. — 3, A. lanceolata (Bréb.) Grun. var. ventricosa Hust.—
4, A. lapponica Hust. — 2, A. laterostrata Hust. — 2, A. linearis (W. Sm.) Grun.
— 2, A. microcephale (Ktz.) Grun. — 4, Cocconeis diminuta Pant. — 2, C.
pediculus Ehr. — 4, C. placentula Ehr. var. klinoraphis Geilt — 3, Cymbella
aequalis W. Sm. — 2, C. naviculiformis Auersw. — 2, C. sinuata Greg — 4, C.
ventricosa Ktz. — 1, Denticula tenuis Ktz. var. crassula (Nag.) Hust. — 4,
Diatoma vulgare Bory var. capitulatum Grun. — 4, D. vulgare Bory var.
ehrenbergii (Ktz.) Grun. — 4, Eunotia arcus Ehr. — 4, E. pectinalis (Dilw.?
Ktz.) Rabh. — 2, Eunotia sp. — 2, Fragilaria capucina Desm. — 4, F. intermedia
Grun. — 4, F. leptostauron (Ehr.) Hust. — 2, F. pinnata Ehr. — 1, F. pinnata
Ehr. var. lancettula (Schum) Hust. —2, Gomphonema angustatum (Ktz.) Rabh.
— 4, X, G. angustum Ag. — 2, X, G. olivaceum (Lyngb) Ktz. — 4, Melosira sp.
— 2, Melosira sp. — 4, Meridion circulare Ag. var, constricta (Ralfs) V. H. — 2,
N. contenta Grun. — 2, N. crypocephala Ktz var. veneta (Ktz.) Grun. — 4
N. gracilis Ehr. — 4, N. menisculus Schum. — 4X, N. gallica (W. Sm.) La-
gerst. — 4, X, N. pupula Ktz — 3, N. radiosa Ktz. — 4, Nitzschia dissipata
Ktz.) Grun. — 1, N. hantzschiana Rabh. — 3, N. kiUzingiana Hillse — 2, N.
palea (Ktz.) W. Sm. — 4, Pissularia microstauron (Ehr.) CIl. — 2, Rhoicosphenia
curvata (Ktz.) Grun. — 4, Stauroneis phoenicentron Ehr. — 4, Surirella ovata
Ktz. — 2, Synedra ulna (Nitzsch) Hhr. — 1, Ulothrix zonata (Weber et
Mohr) Ktz. — 3.

X — species identified according to the key by Krammer, Lange-Bertalot
(1986); others according to Sieminska (1964). 1| — encountered in all stations;
2 — encountered in some stations inside the cave; 3 — encountered in some stations
outside the cave; 4 — encountered in some stations both inside and outside the cave
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present study of algal development in a stream flowing through a cave
and investigations based on the shady places under bridges carried out
earlier (Kawecka 1985, 1986) confirm and complement each other.

These three series of study demonstrate that most of the observed
stream algae prefer natural light conditions, tolerating its limited pen-
etration to varying extent. Hydrurus foetidus and Ceratoneis arcus
develop in natural light conditions, while Homoeotrix janthina has
a wider living scale, tolerating light deficiency but not developing when
this deficiency is increased. On the other hand, Achnanthes minutissima,
A. pyrenaica, A. lanceolata, Diatoma hiemale with mesodon variation,
Gomphonema intricatum var. pumilum, and Meridion circulare have a,
wide spectrum with regard to light. They form fairly large populations
in natural light, Achnanthes minutissima, A. pyrenaica, and Gomphonema
intricatum var. pumilum also develop well when it is deficient, and all
of them survive in condition of still greater light deficiency. There are
also organisms which prefer light deficiency, especially Amphora ovalis
var. pediculus. Hickman (1974), too, describes it as a markedly shade-
-loving form. It tolerates light deficiency as well, being one of the most
frequently encountered diatom in a cave in Hungary (Claus 1955).
A tendency to seek shade is also exhibited by Cocconeis placentula var,
euglypta — a finding confirmed by Castenholz (1960) and by Navi-
cula cryptocephala.

In the studied stream flowing through the cave 40 species of diatom
were found in complete darkness. The taxa encountered belong to com-
mon forms, and their communities do not differ in composition from those
occurring in streams flowing on the surface in the Tatra Mts. This shows
that they originated here with the drift and they do not constitute spe-
cific autochtonous associations. Claus (1955) reported only 10 diatom
species from a cave in Hungaria, while were recorded 17 from another
one (Claus 1962), all of which also are among common forms. Clair
et al. (1981) found 26 taxa of diatoms, also of wide distribution, in a cave
system, in Oregon. On the other hand, Wan Landingham (1965)
encountered 16 species of diatom, 4 of which he described as probably
new for science, in a cave in Kentucky. Besides, Carter (1971) report-
ed .94 species, including 5 new for science, from a cave in Scotland.

Most of the cells encountered in the studied stream flowing deep in
the cave were dead. Only single cells of the species Diatoma hiemale,
Ceratoneis arctrs, and Cymbella ventricosa had a well-developed chloro-
plast. As the time interval during which those cells remained in the cave
is unknown, it would be difficult to draw any conclusions as to their
survival under such conditions. However, YVan Landingham
(1965) also reported a wél-developed chloroplast in diatoms present in
the cave he studied.
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6. Polish summary

Zbiorowiska glonéw osiadtych w potoku gorskim w warunkach gradacji
Swiatta przy przeptywie przez jaskinie (Tatry Zachodnie, Polska)

Zbadano zbiorowiska glonéw osiadtych w potoku gérskim w warunkach gradacji
Swiatta w celu uzyskania informacji na temat ich wymagan odnosnie do tego czynnika.

Obiektem badan byt potok przeptywajacy przez Jaskinie Wodng pod Pisang (wy-
soko$¢ 1020 m). Na granicy wyplywu potoku z jaskini panowat gieboki cien, sSwiatto
zostato tu bowiem zredukowane o 96%. Wchodzac giebiej w korytarz skalny, ulegto
dalszej redukcji i okoto 15 m od wylotu z jaskini dochodzito juz tylko 0,4% S$wiatta
naturalnego.

Formowanie sie zbiorowisk glonéw w potoku w warunkach gradacji Swiatta przed-
stawiono na rys. 1. W naturalnym Swietle (st. 1, 6, 7) w zbiorowisku dominowaty Ho-
moeothrix janthina, Hydrurus ioetidus z towarzyszacymi im okrzemkami Achnanthes
pyrenaica, A. minutissima, Diatoma hiemale z odmiang mesodon, Gomphonema intrica-
tum var. pumilum, Ceratoneis arcus, Meridion circulare. Wskaznik biomasy okrzemek
byt wysoki.

W potoku ptynacym w giebi jaskini (st. 2) spotykano tylko okrzemki, zbiorowiska
ich byly do$¢ bogate w taksony, ale wiekszo$¢ komoérek byta martwa. Okoto 3 m od
wylotu z jaskini (st. 3) notowano drobne populacje okrzemek, wiekszo$¢ komérek byta
rowniez martwa. Wskaznik biomasy by}t bardzo niski. Okoto 1,5 m od wylotu z jaskini
(st. 4) nastgpit gwattowny rozwdj okrzemek, w tym gtéwnie Amphora ovalis var. pedi-
culus, Cocconeis placentula var. euglypta oraz gatunkéw z rodzaju Achnanthes. Wskaz-
nik biomasy okrzemek osiggnat wysokie warto$ci w kwietniu, nawet wyzsze niz na
stanowiskach poza jaskinig. Na granicy wylotu (st. 5) obserwowano dalszy rozwdéj
glonéw. Dobrze rozwijat sie Homoeothrix janthina wraz z okrzemkami, gtéwnie Achnan-
thes pyrenaica, A. minutissima, Gomphonema intricatum var. pumilum, Meridion circu-
lare. Wskaznik biomasy okrzemek byt wysoki.

Badania potwierdzity i uzupetnity wczes$niejsze obserwacje dotyczace wymagan glo-
néw potoku goérskiego odnosnie do Swiatta. Wiekszo$¢ organizméw preferuje naturalne
warunki $wiatta, przy czym w réznym stopniu tolerujg ograniczony jego doptyw. Hy-
drurus ioetidus oraz Ceratoneis arcus rozwijaja sie w naturalnych warunkach. Homo-
eothrix janthina, Achnanthes pyrenaica, A. minutissima, A. lanceolata, Diatoma hiemale
z odmiang mesodon, Gomphonema intricatum var. pumilum, Meridion circulare rosng
takze przy jego deficycie. Amphora ovalis var. pediculum preferuje niedobér Swiatla,
podobne tendencje wykazuje Cocconeis placentula var. euglypta i Navicula crypto-
cephala.
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