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Abstract — The effects of the Goczalkowice dam reservoir on the qualitative
and quantitative composition of zoobenthos in the River Vistula is presented. The in-
vestigation was carried out at three stations: 1. 3 km above the reservoir, 2. 100 m be-
low the dam, 3. 1000 m below the dam. It was observed that even the small water
discharges which occurred in 1982—1983 affected the number and biomass of the zoo-
benthos as well as its taxonomic composition.

1. Introduction

The Goczatkowice dam reservoir on the River Vistula was built in
1955. Since then it has served without interruption up to the present
as a place for complex hydrobiological investigations, covering also the
zoobenthos. From these investigations records of changes in fauna in the
reservoir have been obtained (Krzyzanek in press). In 1982—1983
the investigation was extended to include determination of the reser-
voir's effect on the zoobenthos of the River Vistula.

2. Study area

The Goczatkowice dam reservoir supplies drinking water through
water intakes for Silesia. Only small part of the water returns to the
River Vistula through the bottom sluice. A determined amount of water

* The work was carried out within Project No MR.II.15.
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— 0.45 m3 sec-1 is constantly discharged through this sluice — though
usually it exceeds this. The years 1982—1983 were characterized by
exceptionally low rain and snowfall, hence a minimal amount of water
was discharged. The discharges were slightly higher from January to
February, from May to August 1982, and from March to May 1983. In
those years a quarter to one third of the annual amount of flowing water
was discharged through the sluice, while in more normal conditions it
forms half of this discharge (Kasza 1986).

Three stations were chosen for investigation (fig. 1). Station | lay
3 km above the reservoir, at the point where the River Vistula, 60 km
from its springs, leaves the Cieszyn Plateau. Although it receives mu-
nicipal sewage from the towns Wista, Ustron, and Skoczéw, it is re-
latively unpolluted. The riverbed is stony. This station represented
a river of piedmont character.

Station 2 lay 100 m from the sluice. The bottom was concrete.

Station 3 lay 1000 m from the sluice (below the flood barrier) with
a complex of rearing ponds to the left and crop fields to the right, The
riverbed was stony.

3. Material and methods

The investigation was carried out from February 1982 to December
1983. In 1982 weekly samples were taken (40 samples from each station)
and in 1983 every two weeks (21 samples from each station). At station |
samples of zoobenthos had already been taken in the period 1969—1979.
At the stations with stony bottom (1 — and 3) samples were taken from
1000 cm? surface of the stones. At station 2 samples were taken from
1000 cm? of the concrete surface using a 20 cm wide scraper. At station 3,
in order to make more exact quantitative analyses, 60 bricks were laid
before the investigation began (the brick surface from which the samples
were taken was 1000 cm?). Each time benthos for analysis was taken from
one brick. The sampling content was rinsed in a 0.5 mm mesh net and the
selected animals were preserved in 4°/o formalin. The obtained results
were calculated for 1| m2 surface.

The species nomenclature was based on Limnofauna Europae (l1llies
1978). In the case of Chironomidae larvae were the basic material, which
did not be always allow certain species determination.
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4. Results

4.1. Characteristics of zoobenthos at individual stations

At station | the average number of zoobenthos during the two years
of investigation was 1186 individuals m-2 biomass being 21 g m-2
(Table 1), zoobenthos being more numerous in 1983. Chironomidae do-
minated and 15 taxa were distinguished (Table II). Most numerous and

frequent were Cricotopus sp., Ablabesmyia sp., Psectrocladius spp., and
Cricotopus sylvestris (Fabr.) . The second group as far as number and
biomass were concerned were Ephemeroptera, with the predominance of
Caenis genus. Periodically and in small numbers Trichoptera, Oligochaeta,
Hirudinea, and Gastropoda occurred. Comparing the results obtained in
1982—1983 with those from 1969—1979 a constantly increasing participa-
tion of Chironomidae and a decrease in Ephemeroptera (fig. 2) were
observed.

At station 2 the smallest amount of zoobenthos was found (Table I).
The average number in 1982—1983 was 933 individuals m-2 90% consist-
ing of Chironomidae with the least differentiated taxonomic composition
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Fig. 2. Average numbers of zoobenthos at station 1 in 1969—1983

(fig. 3). The average biomass was 18 g m-2 of which Gastropoda
(0.9 g m-2) constituted 50°/o despite small numbers, i.e. 10 individuals
m-2 on the average. Lymnaea peregra Mull, dominated. In the period
from February to September 1982 Ancylus fluviatilis Mull. was also
caught at this station. Here, too, the zoobenthos was richer in 1983 than
in 1982. This in particular concerns the biomass which was three times
greater in 1983 than in 1982.

Station 3 showed the most abundant zoobenthos (Table I). The average
number for the two years was 4095 individuals m-2, biomass being
10.4 g m-2. In 1983 there was less zoobenthos than in 1982, with a pre-
dominance of Chironomidae larvae. 18 taxa were determined (Table IV),
the most numerous being Cricotopus spp., C. sylvestris (Fabr.), Glypto-
tendipes spp., Dicrotendipes sp. (? D. nervous Staeg.), and Microtendi-
pes spp. In 1982 the number of taxa was larger; those such as Orthocla-
dius sp., and Eukiefferiella spp. were observed which were not caught in
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Fig. 3. Number of zoobenthos at station 2 (A) in relation to the amount of water dis-
charged through the sluice (B) and percentage share of main Chironomidae genera (C)
in 1982—1983

1983. In 1983 Clinotanypus sp. appeared, the participation of Psectro-
cladius spp. and Ablabesmyia sp. increased, while that of Cricotopus syl-
vestris (Fabr.) and Dicrotendipes sp. (? D. nervosus Staeg.) decreas-
ed. The second group as far as nhumber was concerned were Trichoptera.
Most frequently encountered were Polycentropus flavomaculatus Pict,
Oecetis ochracea Curt, and Mystacides azurea L. Fairly numerous,
particularly in 1982, were Hirudinea and Gastropoda. Among the latter
the dominants were Lymnaea peregra Mull, and L. auricularia L., but
until August 8, 1982 Ancylus fluviatilis was also encountered in the
samples.
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4.2. The comparison of zoobenthos from a natural (stone) substratum and the artificial
(brick) one at station 3

Before beginning the investigation 60 bricks were placed at this sta-
tion. Already after three weeks it was observed that the zoobenthos
composition on the two substrata was similar but the Chironomidae larvae
were the first to settle on the artificial one, bricks appearing to be a more
favourable substratum for development of these animals (Table III). In
1982 the average number here was 6337 individuals m-2, the biomass



221

being 18.6 g m-2 while on the natural substratum it was 5533 and 16.2
respectively. In 1983 the differences increased considerably. The average
numbers on the artificial substratum were 7639 individuals m”2 and the
biomass 245 g m-2, on the natural substratum being 2638 and 4.6 re-
spectively. Brick was more favourable especially for Trichoptera. In 1982
there were 5 times and in 1983 even 14 times more of them. In 1983 there
were also more Bivalvia. The remaining groups occurred in various
numbers and biomass in the two years so that it is difficult to associate
their presence with the substratum. It also concerns Chironomidae larvae
(Table 1), which in 1982 were slightly more numerous on the stone and
in 1983 distinctly less numerous. Small changes were also observed in
the taxonomic composition of this group (Table 1V). A greater participa-
tion on the artificial substratum by the larvae of Microtendipes sp., Glyp-
totendipes spp. and Dicrotendipes sp. (? D. nervosus Staeg.) was noted
but on the natural substratum by those of Cricotopus sp. and Ablabes-
myia sp.

4.3. The effect of water discharge from the reservoir on the zoobenthos of the river

The effect of water discharge from the reservoir could be observed at
station 2 (fig. 3). It was noted that in periods of the largest discharges
the zoobenthos was the least numerous, whereas with minimal discharges
there was always a rise in number and biomass, this being particularly
distinct in the second half of 1983. The qualitative composition also
showed clear differentiation depending on the presence or absence of
a greater water discharge. During the 2 years of investigation 3 periods
of settling the bottom by Chironomidae were distinguished (fig. 3C). The
first lasted from January to August 1982. The taxonomic composition
was affected by a water discharge which took place at the beginning of
1982, having begun in 1981. Of the Chironomidae family dominants were
Tanytarsus spp., Psectrocladius spp., and Eukiefleriella sp. (? E. longi-
calcar Kieff.). It may be supposed that it was a community of bottom
organisms typical for this station in normal hydrological conditions, that
is, with a regular sluice outflow.

The second period lasted from September 1982 to May 1983. Two sub-
-periods were distinguished, the first from September to December 1982
with a minimal sluice outflow. New forms were noted besides those
observed earlier in the taxonomic composition, such as Polypedilum sp.
(? P. nubeculosum Mg.) and Glyptotendipés spp., which at once reached
fairly high density. The participation of Eukiefleriella sp. (? E. longical-
car Kieff.), Cladotanytarsus sp. (? C. mancus Wal k), and Tanytarsus
spp. was diminished. The second sub-period lasted from January till May
1983 when larger water discharges again occurred. This probably led to
a pause in the process of metamorphosis of bottom organisms which was
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observed in the previous sub-period. The participation of Glyptotendipes
spp., Polypedilum sp. (? P. nubeculosum Mg.), and Eukiefferiella sp.
(? E. longicalcar Kieff.) remained on the same level while that of
Tanytarsus spp. was only slightly changed. Only Psectrocladius sp. and
Cricotopus spp. increased their participation.

During the third period, from June to December 1983, the water
discharges were again minimal. The density of zoobenthos rose. Among
Chironomidae the following forms prevailed: Cricotopus spp., Polypedi-
lum sp. (? P. nubeculosum Mg.), Dicrotendipes sp. (? D. nervosus
Sta eg.), and Glyptotendipes spp., that is almost exclusively phyto-
philous forms. The participation of Tanytarsus spp. decreased in humber
from 22 to 5% and Eukiefferiella sp. (? E. longicalcar Kieff.) was not

Fig. 4. The number of zoobenthos at station 3 (A) in relation to discharged water (B)
in 1982—1983. Zoobenthos: 1 — on artificial substratum (brick); 2 — on natural sub-
stratum (stone). Trichoptera: 3 — on artificial substratum; 4 — on natural substratum
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noted. However, new forms for this station appeared, such as Chironomus
sp. (? Ch. plumosus L.) and Procladius sp., i.e. pelophilous forms. The
presence of 3 communities of Chironomidae was observed here. In the
first year it was a mixed complex with a considerable part of rheophilous
forms, in the next year the complex was originally still mixed but with
a small part of rheophilous forms and then in the second half of the year
the complex was exclusively phytophilous.

The curve representing the numerical changes at station 3 in relation
to the magnitude of outflow differed in course from that at station 2.
In the period of increased outflow from the sluice and directly afterwards
there was an intensified development of zoobenthos, followed by a gra-
duall fall. It was noticeable chiefly in the case of Trichoptera, which
particularly abundantly settled on the artificial substratum (fig. 4A). The
water flowing out from the reservoir through the sluice also disturbed
and transported the stagnant water from the sluice-dam section.

5. Discussion

In the many years of investigating the Goczatkowice Reservoir the
problem of the river-reservoir-river system was omitted.

To fill this gap a hydrochemical investigation was begun in 1982 on
the River Vistula and below the reservoir. This work presents the results
obtained in an untypical period, that is, in dry years and when the water
outflows from the reservoir to the river were small. The discharged water
had a distinct effect as far as the composition and development of
zoobenthos were concerned.

Zoobenthos communities at the particular stations on the river were
both quantitatively and qualitatively greatly differentiated.

The zoobenthos of station 1, above the reservoir, represented a re-
latively pure piedmont river, with a considerable participation of Ephe-
meroptera. Throughout the years (1969—1983) changes in the zoobenthos
showed a constant increase in the participation of Chironomidae and
a decrease in Ephemeroptera. At station 2, directly below the sluice,
a decisive factor concerning the composition and development of the
zoobenthos was the water current. 90% of fauna were Chironomidae
larvae, mainly phytophilous forms.

The composition and development of the zoobenthos at station 3,
1000 m from the sluice below the flood barrier, was decisively affected
not only by the amount of water discharged from the reservoir but also
by the amount of stagnant water from the sluice-flood barrier section
which was carried below the dam with greater discharges of water from
the reservoir. The zoobenthos varied and the dominant groups were Tri-
choptera and Chironomidae.



224

Thus the Goczatkowice dam reservoir strongly affected the zoobenthos
of the river. It changed the community of bottom organisms from typically
piedmont with forms representing pure and oligotrophic waters into one
of a lowland river, rich in animals and showing strong eutrophication.

Ward and Stanford (1979) described an investigation made on
a subject slightly different from the Goczatkowice Reservoir and the
River Vistula but their results partly resemble those from Goczatkowice.
They concern the rise in numbers of Trichoptera and fall in those of
Ephemeroptera below the dam in relation to the station above the re-
servoir (fig. 5). A synthetic discussion of some of the results concerning
the investigation of the reservoir and river zoobenthos may be found
in the work of Wrébel and Szczesny (1983).

Fig. 5. Average numbers of Trichoptera (Tr) and Ephemeroptera (Ep) at stations 1, 2,
and 3 in 1982—1983

6. Polish summary

Whplyw zbiornika zaporowego w Goczatkowicach na zoobentos rzeki Wisty
(Polska Potudniowa)

Badania przeprowadzono na trzech stanowiskach rzeki Wisty (ryc. 1). Stanowisko |
potozone byto okoto 3 km powyzej zbiornika w Goczatkowicach, stanowiska 2 i 3 po-
nizej zbiornika w odlegtosci 100 i 1000 m. Badania wykazaty bardzo zréznicowany skiad
i wielkosC zoobentosu (tabela I). Stanowisko 1 reprezentowato rzeke podgorska z du-
zym procentem Ephemeroptera, Srednia liczebno$¢ z lat 1982—1983 wynosita 1186 osob.
m-2, biomasa 2,1 g m-2. Badania przeprowadzone na tym stanowisku w latach 1969—
—1979 oraz w latach 1982—1983 wykazaty wzrost liczebnosci Chironomidae i spadek
Ephemeroptera (ryc. 2, tabela IlI). Najmniej zoobentosu byto na stanowisku 2 o Sredniej
liczebnosci 933 osob. m-2 i biomasie 1,8 g m-2, najwiecej na stanowisku 3 o S$redniej
liczebnosci z obu badanych lat 4095 osob. m-2 i biomasie 10,4 g m-2

Niewielkie opuszczanie wody ze zbiornika przez upust w latach 1982—1983 wyka-
zato duzy wpltyw na sktad i wielko$¢ zoobentosu rzeki. Na stanowisku 2, potozonym
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100 m od upustu, w okresach wiekszego opuszczania wody, zoobentos byt najubozszy,
natomiast przy minimalnym opuszczeniu nastepowat zawsze wzrost liczebnosci i biomasy
(ryc. 3A, B). Na stanowisku 3 odlegtym 1000 m od upustu i potozonym ponizej jazu
pietrzacego, w okresach zwiekszonego opuszczania wody i bezposrednio po nich na-
stepowatl od razu wzmozony rozwdj zoobentosu, wzrastata jego liczebno$¢ i biomasa,
natomiast w okresach o minimalnym opuszczaniu wody nastepowat spadek liczebnosci
1 biomasy (ryc. 4).

Szczeg6lng uwage poswiecono rodzinie Chironomidae (tabele II, 1V). Na stanowisku
2 stwierdzono wyrazny wptyw wielkosci opuszczanej przez upust wody ze zbiornika na
zmiany taksonomiczne (ryc. 3C) w tej grupie.

Na stanowisku 3 dla doktadnego okreslenia liczebnosci i biomasy zatozono 60 ce-
giel, z powierzchni ktérych pobierano préby. Stwierdzono, ze to sztuczne podtoze byto
intensywniej zasiedlane przez zwierzeta, zwlaszcza przez Trichoptera. W 1982 r. byto
ich 5 razy wiecej, a w 1983 r. nawet 14 razy (tabela III).

Zbiornik zaporowy w Goczatkowicach zmienit zespét organizméw dennych z pod-
gorskiego (stanowisko 1) z udziatem zwierzat reprezentujacych wody czyste i oligotro-
ficzne na zespot rzeki nizinnej (ryc. 5) o bardzo duzej liczebnosci i biomasie (stanowis-

ko 3).
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