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Abstract

The structure, dynamics and chlorophgllcontent of lithoreophilous communities of
Cyanobacteria and algae in two periodically dryssgtors of the stream: in its upper (alpine),
and middle part (forest) zones were investigaledoth sectors the diversity of species was
low. After snow melt, in the upper part, the stomese successively colonized by Cyanobacteria
(with  Chamaesiphon polonicus(Rostaffiski) Hansgirg prevailing), and green alga
Klebsormidium rivulargKiitz.) Starmach, finally obtaining stable and atamt communities. In
the middle part of the stream, a spring explosibilebsormidium rivulareand species from the
Chlorococcalesgroup was observed. They developed temporaryedimey disappeared after
the June spate. Later this area was colonised ynéiynlHomoeothrix janthina(Bornet et
Flahault) Starmach Hydrurus foetidus(Villars) Trevisan and diatoms, coming from a
neighbouring non drying part of the stream. Theaphyll a content in both sectors was low (2
-55.8 mg n?).

INTRODUCTION

Changes in water level are a very important ecolddiactor particularly
concerning the development of organisms. In extrezases a periodical
desiccation of the whole stream, or of some pdrts as observed; it causes
dramatic stress for the organisms living there, @loviously affects the character
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of biocenosis. The streams periodically drying ua #he Cyanobacteria and
algae communities described here or their prodticttome mainly from a warm
(Busch & Fisher 1981, Peterson, Grimm 1992, Abetabl. 1996) and cold
(Broady 1982, 1989, Vincent & Howard-Williams 198&ward-Williamset al
1986, Howard-Williams & Vincent 1989, Hawes 198%wecka, Olech 1993,
Sheath, Miller 1997) climatic zone. The environragnentioned above are also
to be found in high mountains (Kawecka 1971, 1988weckaet al. 1971,
Kownackiet al. 1997).

In the present work the study of structure, dynaraind chlorophylh content
of Cyanobacteria and algae communities in two gerédly dried up sectors of a
Tatra Mts stream was undertaken. It is part ofri@se@f observations concerning
the little-known ecological requirements of Cyartibda and algae such as light
(Kawecka 1985, 1986, 1989, 2003) and biogens (Kksvel977, 1993). They
have been for many years carried out in the Pplshof the High Tatras in order
to learn more about the mechanisms of zonal digioib of organisms along a
Tatra Mts streams (Kawecka 1965, 1971, 1980, IR&8&eckaet al 1971).

MATERIAL AND METHODS

The investigations were carried out in 1992 and3if9wo drying sectors of
the stream in the course Czarny Potok-Sucha Wdda. first situated in the
upper part of the Czarny Potok stream below théebuaff the lake Czarny
Gasienicowy (stations 1-3), and the second one iniuelle part of the Sucha
Woda stream (Station 4); Fig. The material was collected about 2 weeks after
snow melting. The drying sector in the upper pdaizafny Potok) was
investigated from spring to autumn 1993 at monthtgrvals, but already in
August the water at Station 3 dried out.

The material from the drying sector in the middétgSucha Woda) was
collected only from May to July1992 at 2 weekeimtls, because in August this
part of the stream had totally dried.

The collection and description of material were enadcording to methods
recommended by Starmach (1969); see also KaweBB&).1 The materials were
taken from the stones, and preserved in 4 % fonmablution. The covering of
organisms forming a macroscopic aggregation on tabom ? of the stream
bottomwas estimated using a 5 - score scale as follbwaganisms form small
aggregation, 2- cover less than 25 % of bottom, &eeover 25-50 %, 4- 50-75
%, and 5- 75-100 % of bottom area. The chloroplaybntents were measured
using SCOR - UNESCO (1971) methods. The matenate collected from the
surface of 3 random taken stones. The projectiostamies on the surface was
computed, and the results was given in T mmit. In the upper part crusts of
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Cyanobacteria and filaments of Chlorophyceae formeparate aggregations,
hence it was possible to calculate the Chloropiiidividually for both groups
of organisms.
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Fig. 1. Localisation of sampling stations.

Study area

The investigations were carried out in the Poliart pf the High Tatras, i.e.
the  highest part of the Carpathian (max2863 m.), and entirely protected as
a National Park. Two periodically drying sectofgte stream being situated in
the course of the Czarny Potok- Sucha Woda strezim vwestigated. (Fig. 1).

Czarny Potok drains Czarnya§ienicowy lake situated in alpine zone (alt.
1620 m.). The water of the stream disappears peaibd over a distance of
approx. 1 km. starting at the outlet of the lakeaA altitude of about 1530 m. the
stream is fed by the moraine springs which arigbe stream bad. Farther down
the stream (known as Sucha Woda) flows througffotiest zone.

In the middle part (of about 1100 m.) the watemimglisappears in a sector of
about 2,5 km., and the stream is fed by largelugian springs situated at an
altitude of about 920 m. The stream (in the lowant gnown as Cicha Woda)
leaves the Tatra Mts and feeds Poroniec (a triputarthe Biaty Dunajec) at

altitude approximately 750 m.
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The stream bed is stony, with rocks and boulddrs.loss of water is caused
by karstic phenomena. In autumn a decrease inr Wate can be observed, and
from November to May (or June in the upper péotal desiccation. Total drying
also occurs in some parts of the stream in audrmoteer, as occurred in 1992 and
1993.

The stream is filled with water after snow meltitige water level is high,
and in June regularly spate occurs. In July thew fhas been stabilised. The
chemical composition of the stream water correspatidgeological structure of
its catchment (Pasternak 1971, Bombowna 1971, IS2&@4). In the upper part
built with crystalline rocks (granite) the watereistremely poorly mineralised. In
the middle and lower parts, where sedimentary r@okstly limestones and
dolomites) occur more frequently, an increasddntmlytes is observed. Among
the cations, calcium and magnesium prevail imgarison with potassium and
sodium which occur in extremely small quantitieicaBoonates prevail among
anions, the content of sulphates and chloridesgbeiary low. The amount of
mineral forms of nitrogen and phosphates is pobilevoxidability and BORare
low. The water of the stream is well oxygenatedhwH ranging from 5.3 to
8.5.

RESULTS

Lithoreophilic communities of Cyanobacteria and alge in a drying sector of
the upper part of the course Czarny Potok — Such#&/oda stream (fig. 2)

In the communities only a few species of organisrase encountered. The
structure was similar over the whole length ois Hrea. The Cyanobacteria was
prevailed, mainlyChamaesiphon polonicuand also green algdebsormidium
rivulare being common there. Diatoms were only sporadidaiiynd Diatoma
hyemalis(Roth) Heiberg D. mesodor{Ehr.) Kltz, Fragilaria arcus(Ehr.) Cl,
Meridion circulare(Greville) Ag.)

After snow melt, the stream bed was colonised lmydo@, forming a slimy
coating with embedded detritus particles. Cyan@ectand Klebsormidium
rivulare were found in small amounts. Later an abundanteldpment of
Cyanobacteria was noted, very soon covering tottd the stream, and
remaining there throughout the period of invesiiga Klebsormidium rivulare
was less spread, but formed thick aggregationstomes in the environment of
splashing water.

The chlorophylla contents were from 2 to 56 mg fand distinctly
depended on the species composition, and the rse@ke lowest value of
chlorophylla concentration was noted in Cyanobacteria aggauatiuring the
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colonisation period, and the highestiiebsormidium rivularethalli during the
summer.

Station 1 2 3
Date /1993 ARRRRERRRREE
Water temp.’C 7.5|7.8|12.5/8.2|6.5(7.0(8.0 14.0/8.5|5.3 9.8 | 7.8
pH 6.0(6.0/7.6/6.4/6.2|16.0(/6.0/6.1|6.4/6.2|6.06.0
Number of taxons 4|4 |4|4|7|4|5|4|5|6|4|5
Bacteria, detritus ﬁ. Qe o0 0
Cyanobacteria * e« @® - 0@ -®
Klebsormidiumrivulare [ | [ @|® | @| | | ©|® @ © @
55 N
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Fig. 2. Community structure of Cyanobacteria and algae, and the content of
chlorophyll a in periodically drying sector in the upper part of the course of
Czarny Potok — Sucha Woda stream.
A. Scale of covering: 1 — organisms form small aggregations, 2 — cover
less than 25% of the bottom, 3 — 25-50%, 4 — 50-75%, 5 — 75-100%
B. Chlorophyll a content in Cyanobacteria aggregations

C. Chlorophyll a content in green algae aggregations
* Chamaesiphon polonicus with accompanying Calothrix sp., Phormidium sp., Pleurocapsa sp.
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Lithoreophilic communities of Cyanobacteria and alge in a drying sector of
the middle part of the course Czarny Potok — Such#/oda stream (fig. 3)

Station 4
Date /19921 iL 38188184189
Water temp.’C 3.0/4.5/5.0(7.4/8.4
pH 6.8/6.8|6.6(6.8(6.6
Number of taxons 4/5|9]|5
Cyanobacteria ® 0
Bacteria and detritus oo
Klebsormidium rivulare ’ ’
green algae n.det. ‘_ J
Trentepohlia sp. Q000
15—

Chlorophyll a 10—

mgm?

Fig. 3 Community structure of

Cyanobacteria and algae, and the content

of chlorophyll a in periodically drying

sector in the middle part of the course of

Czarny Potok-Sucha Woda stream.

A. Scale of covering: Scale of

covering: 1 — organisms form
small aggregations, 2 — cover
less than 25% of the bottom,
3 —25-50%, 4 — 50-75%, 5 —

75-100%

B. The covering includes a group

of organisms

* cells like Chamaesiphon sp.

In the communities only a few
species of organisms were found.
The most numerous were green-
algae, diatomsOjatoma hyemalis,
D. mesodon, Fragilaria arcus,
Meridion circulare, encountered
sporadically, and richest in
summer. In the development of
algae two periods were
distinguished. The first covered
the period of early spring, when
the bottom was successively
emerging from under the snow. At
this time a dynamic development
of green algae was observed. At
first, the community was richer in
unicell Chlorophyceag(with the
Chlorococcales group), after which
Klebsormidium rivulareprevailed.
Dispute the fact that the green
algae achieved considerable cover,
they only formed a thin layer on
the bottom, and chlorophyla
concentration was low (only to
13.5 mg m? ). However, after a
spate in the second half of June,
the algae were almost totally
drained out, and in consequence
the concentration of chlorophyd
was drastically reduced.

In the second stage (July) when
the water flow had stabilised after
June spate, the stream- bed was
colonised by mucilage aggregations
of bacteria, in which the particles of
detritus as well as single cells of
diatom were accumulated. The
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unusually dry season of 1992 led to the streanymglr out so early that the
communities of blue-green and algae charactefwtithese areas has no chance
to develop. In normal conditiotrdomoeothrix janthina, Hydrurus foetidquand
diatoms mainlyAchnanthes minutissimidiitz., Diatoma hyemalis, D. mesodon,
Fragilaria arcus accompanying them prevail ther&lebsormidium rivulare
developed only in small amounts on wet stoneficiteases its cover by the
autumn, when the water level falls. At that timispablue-greerChamaesiphon
polonicusstarts to develop well (Kawecka 1971, 1980).

DISCUSSION

The drying sectors of the stream belong to astticironments, where
extreme variation of environmental conditions isharacteristic feature. Drying
is the important factor controlling the developmeoft communities of
Cyanobacteriaand algae in the upper part of the stream. In itddla part it
only temporally affects the character of phytocéndsveloping there.

The diversity of litorheophilic communities of lotrying sectors was
very poor, and could only be compared with tltaree numbers of species in
glacial streams flowinge.g in Swedish Lapland and in the Alps (Kawecka
1980). This habitat was characterised by very scatiatom taxa, whose
occurrence definitely affects the species diversityalgal communities in
mountain streams (Kawecka 1980). It seems th#heredlrying should limit
the development of diatoms owing to the abilitytedse organisms to survive a
drought (Evans 1958, 1959, Hostetter, Hoshaw 1R@®ecka, Eloranta 1994)
nor the temperature which plays no important iol¢he differentiation of
diatom communities (Cholnoky 1968). The poor deprient of diatoms may
rather be attributed to deficiency in some milgo®nts. It shows that in
general the chemical composition of waters is simiin the drying
environment and in the neighbouring areas withrestamt water flow fed from
sources rising in the stream bed (Szarek 1994); elewy the diatom
communities differ considerably (Kawecka 1971f)islinteresting that only a
few species andells of diatoms are found on stones while in ntossthey
form communities of rich taxonomic compositiohotigh not very abundant
ones (Kawecka 1971). In mountain streams the muoss among the habitats
with the most numerous occurrence of diatoms (K&aet980). For these
organisms it is both a trap and a shelter (owinghtoreduced current). The
rough surface of twigs favours their colonisatiord at seems that there also
develop beneficial nutritional conditions for diat growth. In the drying area
of the mid-course of the Sucha Woda stream a saacerrence of diatoms
was also recorded, although only in early springmvthis area was filled with
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water from thawing snow, it was isolated from teenaining sectors of the
stream. It may be that this was due to nutriegficgkncy.

In the upper drying sections of the High Tatra amme the crustacean
Cyanobacteria with the domina@hamaesiphon polonicusccur abundantly,
forming a characteristic zone (Kawecka 1965, 19M80, Kaweckaet al
1971). Ch. polonicusalso dominates in the upper courses of streanthen
Western Tatra Mts (Wasylik 1971) and at banks pina streams (Kann 1978).
Cyanobacteria also occur abundantly in the streafnhe Antarctic Circle
(Broady 1982, 1989, Vincent, Howard-Williams 198&ward-Williamset al.
1986, Howard-Williams & Vincent 1989), of the ArctiCircle (Sheath &
Miller 1997), and in the streams of hot deserts@Al& Fisher 1981).

The occurrence of Cyanobacteita streams of temporary water flow is
justified since these organisms are characterisgda bgreat tolerance of
environmental conditions. They frequently coloneg/ironments presenting
extreme living conditions (Whitton & Sinclair 1978nd are particularly
resistant to drying and freezing and to the cydkesdefrosting and freezing.
With the occurrence of favourable conditions theapidly regain their
metabolic activity (Kawecka, Eloranta 1994)

The drying areas in the upper course of the CzRotgk stream and in the
middle course of the Sucha Woda stream are alsmiseld by the green alga
Klebsormidium rivulare. This organism frequently appears in astatic
environments and in the soil (Kawecka , Elorant®4)9showing a capacity for
tolerating the stress connected with the decreasaigr flow (Morison, Sheath
1985). ltis fairly frequent in the streams of retra Mountains, developing on
wet boulders lying in the splash zone. This grdga accurs in alpine streams
(Kann 1978), is abundantly represented in the nauanstreams of British
Columbia (Wehr 1981) and in frosted rapidly flowistygeams of the Antarctic
Circle (Hawes 1989).

In neither of the investigated drying sectors wilae occurrence of
Hydrurus foetidusrecorded in spite of the beneficial living coimatits. It should
be stressed that this species is known as a se¥nuthorganism living in cold
waters (Kawecka 1981) and preferring good solammihation (Parkeet al
1973, Kawecka 1981, 1985, 1986). Nor wasfoetidusrecorded in other
temporary streams of the Tatra Mountaieg in a stream flowing from Lake
Zmarzly Staw (Kawecka 1980), or in the drying smtsi of the Waksmundzki
stream. It does not occur in the frosting streafrtbe Antarctic (Broady 1989)
or the Arctic Circle (Sheath, Miller 1997). Thegwnaccurrence dfi. foetidus
was recorded in Tatra streams with a constant flbawecka 1971, Kawecka
et al 1971, Kawecka 1980). It may be supposed thatdiganism does not
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tolerate desiccation, as found by Kann (1978) in dtady onH. foetidusin
alpine streams.

The dynamics of communities of Cyanobacteria angael occurred
differently in the temporarily drying upper courskthe Czarny Potok stream
and in the middle course of the Sucha Woda strebmboth sectors bacteria,
the very important component of water ecosystembnr{ et al 1980, Geesey
et al1977, 1978) began the colonisation of the suhstratin the Czarny Potok
stream Cyanobacteriand algae successively colonised the environment,
reaching the highest development in summer andnautuThis type of
community has continued here for years (see Kaw&6K4d), hence it is stable
in character. In the middle course of the Sucha Waoass the explosion of
green algae development in spring was ephemenate sihese organisms
disappeared after the passage of the spate, riggatanurring in the Tatras in
June. After this disturbance the environment Ismised by organisms coming
from neighbouring non-drying parts of the strears,Homoethrix janthina,
Hydrurus foetidus and numerous diatoms chieffkchnnathes minutissima,
Diatoma hyemale, D. mesodon, Fragilaria arcasd Cymbella minuteHilse.
The community developing here is characteristichef forested part of the
Tatra Mts streams (Kawecka 1971, 1980).

The chlorophylla concentration of the drying sectors of the strearas
low. The highest concentration was noted in thpeugourse of the Czarny
Potok stream in the agglomerations of green al§éenfg nt). This value is
important for the productivity of the investigateglater areas since the
abundance of these algae has been observed tasacre the next years. The
chlorophyll a concentration in areas with a permanent water fleag many
times higher. According to Szarek (1994), in thieldie course of the Sucha
Woda the concentration of chlorophgllin the periphyton exceeded 150 mg
m. These values are higher than those recordeckirutrophic Tatra streams
flowing across the Zakopane Basin (Kawecka 1996)
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