HYDROBIOL. 30 3/4 297—304 KRAKOW 1988

Environmental characteristics of affluents
of the Dobczyce Reservoir (Southern Poland)
in the preimpoundment period (1983—%985)

2. Periphyton
Antoni Amirowicz

Polish Academy of Sciences, Institute of Freshwater Biology,
ul. Stawkowska 17, 31-016 Krakow, Poland

Manuscript submitted January 28, 1987, accepted April 20, 1988

Abstract — The periphyton of the mouth section of the major affluents of
the Dobczyce Reservoir was investigated. The mean weight of the coating formed
by the periphyton was 2.5—5.7 g dm-2, of which 2.2—5.1 g dm-2 consisted of mineral
particles. The average quantity of Chlorophyll "a" varied from 949 to 3058 pg dm-2.
In the warm half of the year the periphyton showed smaller amounts of mineral
particles, organic matter, and chlorophyll "a", and greater coefficients of variation
of these parameters than in the cold half.
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1. Introduction

In the period 1983—1985 investigations were carried out on the peri-
phyton developing on the bottom of the major affluents of a prospective
dam reservoir for water supply on the River Raba at Dobczyce. These
investigations formed part of comprehensive limnological studies on the
affluents of this reservoir carried out in order to assess the current state
of the environment and to gather information that would permit predic-
tion of the biological processes that would begin following flooding of
the reservoir.

The periphyton of the drainage basin of the Upper Raba has so far
been investigated mainly from a floristic aspect (Starmach 1960, 196643,
b, ¢, 1968a, b, 1969, 1970, Tarnowska 1970, Zurek 1971). Information
concerning the content of chlorophyll ,,a" and the primary production is
contained in a paper by Bombodwna (1972a, b).

* The investigation was carried out within OPBP Project No 04.10.05.



Fig. 1. Catchment basin of the Dobczyce reservoir. A — sampling stations; B — range
of the reservoir; C — borderline of the catchment basin of the reservoir
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The aim of the present work was to present a quantitative characteri-
zation of the coatings formed by periphyton in the mouth sections of the
reservoir feeders, and to illustrate the changes of the major constituents
of these coatings in the annual cycle.

2. Study area, material, and method

The material was collected monthly from April 1983 to September
1985, at seven stations (Brzezéwika — Station 1, Trzemes$nia — Station 3,
Bulinka — Station 4, Raba — Station 5, Debnik — Station 6, Zakliczanka
— Station 7, and Wolnica — Station 8) lying at an altitude of 270 m (the
normal water level of the future reservoir) (fig. 1). Altogether, 121 samples
were collected, 22 of them in the Brzezowka, 26 in the Trzemes$nia,
9 in the Bulinka streams, 24 in the River Raba, 10 in the Debnik, 11 in the
Zakliczanka, and 10 in the Wolnica streams. A detailed description of the
stations and the reservoir and its catchment basin is given by Mazur-
kiewicz (1988).

Entire coatings covering submersed stones were removed and the
area of projected surfaces of the stones measured by weighing their
shapes drawn on cardboard (Mastynski 1972). The weight of the
coatings and their mineral and organic components per unit area of bottom
was determined by weighing homogenized material that had been dried and
subsequently calcined. The content of chlorophyll ,,a" was measured by
the extinction of acetone extracts of homogenized periphyton (Golter-

man, Clymo 1969). From the results obtained, means stan-

dard deviations and coefficients of variation

were calculated.

3. Results

The coatings covering the stony bottom of the investigated affluents
form macroscopic algal thalli, among which settle particles of the min-
eral and organic suspension carried by the streams. In all the affluents,
algal communities of similar composition were found. In the biomass of
the algae covering the stones Cladophora glomerata (L.) Kutz. had the
greatest share. It was accompanied constantly or periodically by Ulo-
thrix zonata (Weber et Mohr) Kutz., U. oscillarina Kitz., Stigeo-
clonium tenue (A g.) Kutz., Hydrurus foetidus (\Villars) Trevisan,
and representatives of the genera Spirogyra Link, Oedogonium Link,
and Vaucheria De Cand. In the Brzezéwka stream (Station 1), thalli of
Batrachospermum arcuatum KyZlin were also found.
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Table 1. Mean weight (g dm-2) of the coatings formed by the periphyton, and the
pimerdlcles and organic mater contained in them on the bottom
of the major affluents of the Dobczyce Reserwvoir in 1983-1985

Parameter Stations Warm half-year Cold half-year

X 6 \4 May - October) (November-April)

X G \ X 6 \

Total 1- Brzozowka 447 427 955 4389 4.a6 994 375 3.14 837
coating 3- Trzemesnia 296 219 74.0 3.36 2.59 77.1 2.33 1.19 51.1
4- Bulinka 566 555 98.1 565 6.49 ll4.q 5.6a 4.24 74.6

5- Roba 296 211 713 235 153 651 3.83 257 67.1

6- Debnik 3.01 263 874 1.79 1.55 86.6 482 307 637

7- Zakliczanka 5.01 4.06 81.0 6.23 4.68 75.1 354 297 84.2

8- Wolnica 248 1.81 73.0 198 1.35 68.2 3.16 222 70.2

Mlne_ral 1- BrZeZéV\{kE_l 3.84 3.93 102.3 4.17 4.45 106.7 3.25 298 91.7
particles 3- Trzemes$nia 2.36 1.89 80.1 267 2.24 83.9 1.85 1.01 546
4- Bulinka 5.09 5.18 101.8 5.08 6.06 119.3 510 392 76.9

5- Raba 224 159 71.0 1.82 121 665 283 191 675

6- Debnik 254 243 957 134 1.21 90.3 434 283 65.2

7- Zakliczanka 4.43 3.73 84.2 557 4.18 75.0 3.06 295 96.4

8- Wolnica 225 179 795 186 135 72.6 278 226 81.3

Organic 1- Brzezbwka  0.64 0.47 73.4 0.72 055 76.4 049 0.25 51.0
maater 3- Trzemesnia 0.61 0.47 77.0 0.69 0.58 84.1 0.47 0.19 404
g— Eubllnka 8?; 0.38 66.7 8%; 0.44 77.2 0.58 0.32 55.2

- Raba . 0.59 81.9 . 0.38 73.1 0.99 0.74

6- Debnik 0.46 0,42 91.3 0.44 0.54 1227 050 0.22 Zﬁg

7- Zakliczanka 0.58 0.45 77.6 0.67 0.56 83.6 0.48 0.29 60.4

8- Wolnica 0.23 0.23 100.0 0.11 0.10 90.9 0.38 (.27 71.0

The total weight of the coatings formed by periphyton on average
reached 2.5—5.7 g dm-2 (Table I). Those covering the bottom of the Bu-
linka (Station 4), Zakliczanka (Station 7), and Brzezéwka streams (Sta-
tion 1) had the greatest weight. The widest range of variation in weight
was found in the Bulinka (Station 4), Brzezéwka (Station 1), and Debnik
streams (Station 6). The main component of the coatings were mineral
particles (settled suspended matter and fine sand), their weight on aver-
age reaching 2.2—5.1 g dm-2 (Table I). The greatest quantity of mineral
particles is retained by the periphyton developing on the bottom of the
Bulinka (Station 4), Zakliczanka (Station 7), and Brzezéwka (Station. 1)
streams, while quite a wide range in the variation of this component was
found in the Brzezéwka (Station 1), Bulinka (Station 4), and Debnik (Sta-
tion 6) streams. The average amount of organic matter (algae, inverte-
brates, and detritus) found on the bottom of the investigated affluents
varied from 0.2—0.7 g dm-2 (Table I). In the warm half of the year (May-
-October) the most organic matter was found on the bottom of the Brze-
z6wka (Station 1), Trzemesnia (Station 3), Zakliczanka (Station 7), and
Bulinka (Station 4) streams and in the cold one (November—April) on the
bottom of the River Raba (Station 5) and Bulinka stream (Station 4). The
greatest range of the fluctuation in the amount of organic matter was
found in the warm half of the year in the Debnik (Station 6) and Wolnica
(Station 8) streams and in the cold half in the River Raba (Station 5), and
the Wolnica (Station 8) and Zakliczanka (Station 7) streams.

The content of chlorophyll ,a" in the periphyton was, on average,
949—3058 pg dm-2 (Table II). The most chlorophyll ,,a" was found on the
bottom of the Bulinka (Station 4) and Trzemesnia (Station 3) streams, and
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Tabla 1l. Man content of chlorophyll “a” in the periphyton ( pg dm-2) and in the
organic matter of the coatings formed in the periplyton (26o) on the
bottom of the major affluents of the Dobczyce Reservoir tn 1983-1985

Warm half-year Cold half-year

Chlorophyll “"a" Stations - s v (May - October) (November-April)
n: X G \% X G \
Periphyton 1- Brzezéwka 1773 1197 67.5 1304 595 45.6 2644 1570 59.4
3- Trzemes$nia 2678 1485 55.4 2616 1364 52.1 2787 1771 63.5
4- Bulinka 3058 2486 81.3 2378 1529 64.3 3737 3293 88.1
5- Raba | 2515 2151 85.5 1712 1062 62.0 3585 2787 77.7
6- Debnik 1732 1700 98.1 1128 1217 107.9 2639 2090 79.2
7- Zakliczanka 949 838 83,3 509 574 112.8 1301 899 69.1
S- Wolnica 1155 1019 88.2 663 506 76.3 2139 1101 51.5
Organic 1- Brzezéwka 3.78 299 79.1 267 227 850 568 3.27 57.6
matter 3- Trzemesnia 454 279 576 476 3.26 68.5 4.96 1.92 38.7
4- Bulinka 9.69 6.38 658 826 7.21 87.3 12.54 4.80 38.3
5- Raba 391 252 644 357 191 53.5 4.38 3.23 73.7
6- Debnik 490 423 86.3 480 531 1106 5.04 2.55 50.6

7- Zakliczanka 233 1.80 772 093 088 946 373 124 332
S- Wolnica 6.02 465 772 531 331 62.3 7.05 6.26 88.8

Table I11l. Comparison of the means (x) and coeffcients of variation (v)
of the investigated parameers of the coatings formed by the
periphyton of the major affluents of the Dobczyce Resevoir

in the cold and warm half-years from 1983-1985

Warm half-year Cold half-year

Parameter (May - October) (November-April)
X \ X \

T | N g m-2

otal coating 3.75 83.8 3.87 70.7

. . -2
Mineral particles g " 3.22 87.8 3.32 76.2
Organic miter g nl 0.53 86.9 056 56.7
Chloraphyll "a" in periphyton Mg i 1473 74.4 2690 69.8
Chlorophyll "a" in organic matter % 4.33 80.3 6.20 54.4

River Raba (Station 5). Relatively wide variations in this parameter occur-
red in the warm half or the year in the Zakliczanka (Station 7) and Deb-
nik (Station 6) streams, and the River Raba (Station 5). The average con-
tent of chlorophyll ,a" in the organic matter of the coatings varied from
2.3—9.7%0 (Table If). This index reached its highest values in the Bulinka
(Station 4) and Wolnica (Station 8) streams. A relatively high range in
its variation was found in the warm half of the year in the Debnik (Sta-
tion 6), Zakliczanka (Station 7), Bulinka (Station 4), and Brzezobwka (Sta-
tion 1) streams and in the cold one in the Wolnica stream (Station 8), Ri-
ver Raba (Station 5) and Brzezowka stream (Station 1).

At all the investigated stations the periphyton was fairly similar, the
greatest average quantities of the particular components of the coatings
it formed being only 2—4 times greater than the smallest ones. This re-
sults from the fairly similar habitat conditions (the character of the bottom,
velocity of the current, concentration of nutrients) prevailing in all the
affluents of the Dobczyce Reservoir. The variations in the share of com-
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ponents of the coatings are high (the coefficients of variation usually-
exceeding 80%); this evidences low stability of the coatings formed on
the bottom of the affluents.

All the investigated elements of the coatings formed by the periphyton
reach greater numbers in the cold half-year than in the warm one (Table
I1); such a pattern is distinct, especially in the case of the content of
chlorophyll ,,a" in the periphyton and the organic matter of the coatings.
The coefficients of variation, however, were greater in the warm half-
-years than in the cold ones, especially in the case of the content of chlo-
rophyll ,,a" in the organic matter.

4. Discussion

Comparison of the results obtained with those of previous investiga-
tions Bombodwna 1972a, b) seems to show that the periphyton of the
stations investigated does not differ in its composition from other local-
ities in the catchment area of the Upper Raba, and that during recent
years no distinct qualitative changes have taken place in it. Neither
has the content of chlorophyll ,,a" changed in the coatings formed by
periphyton; in the Raba between Myslenice and Dobczyce, Bombdow-
na (1972a) found a content of chlorophyll ,,a" around 10—40 pg cm2

The development of periphyton is of great importance in the process
of self-purification of the water in a stream. In the light of the results
obtained, the mouth sections of the Bulinka stream (Station 4), the River
Raba (Station 5), and the Trzemesnia stream (station 3) seem to possess
the most efficiant ,,biological filters™ (a high content of chlorophyll ,a"
in the periphyton throughout the year). In the Brzezéwka (Station 1) and
Zakliczanka (Station 7) streams in the warm half-year there was a high
content of organic matter on the bottom and a small content of chlorophyll
,a" in the organic matter of the periphyton. In the Debnik (Station 6)
and Wolnica (Station 8) streams, however, the periphyton is rather poorly
developed (a small amount of chlorophyll ,,a" in the periphyton and a low
weight of the coatings). This is caused by the small quantity of nutrients
in the water (Debnik stream) or a character of the bottom unfavourable
to the development of the periphyton (Wolnica stream). Thus, in the
most polluted affluents of the Dobczyce Reservoir, in the Wolnica and
Zakliczanka streams (Mazurkiewicz 1988) the process of self-puri-
fication is probably least efficient.

The process of natural self-purification of the water of the affluents
of the reservoir is disturbed by flooding, during which the periphyton is
destroyed mechanically and the mineral particles and organic matter re-
tained in the coatings are carried further. This takes place especially in
the warm half-year (May-October). In order to maintain its capacity for
self-purification at as high a level as possible it is recommended that the
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catchment area be managed in such a way that, while maintaining the
natural character of its affluents, irregularities in discharge might be
reduced.

5. Polish summary

Srodowiskowa charakterystyka doptywéw zbiornika dobczyckiego (Pol-
ska Potudniowa) w okresie poprzedzajgcym jego zalanie (1983—1985)

2. Peryfiton

W latach 1983—'1985 prowadzono badania nad peryfltonem rozwijajacym sie na
dnie przyujsciowych odcinkéw wazniejszych doptywéw wodociggowego zbiornika za-
porowego, zbudowanego na rzece Rabie w Dobczycach (ryc. 1). Mase powitok formo-
wanych przez peryfiton oraz ilo$¢ ich sktadnikéw mineralnych i organicznych okreslono
poprzez wazenie wysuszonego, a nastepnie wyprazonego zhomogenizowanego mate-
riatlu. Zawarto$¢ chlorofilu ,,a" oznaczono mierzac ekstyncje acetonowych ekstraktow
zhomogenizowanego peryfitonu.

Powloki pokrywajgce dno badanych doptywéw tworza makroskopowe plechy glo-
néw (gtéwnie Cladophora glomerata (L) Kiatz.), pomiedzy ktérymi osadzajg sie
czastki transportowanej przez potok zawiesiny mineralnej i organicznej. Catkowita
masa powitok przecietnie osigga 2,5—5,7 g dm-2 (tabela 1). G¥dwnym skiadnikiem po-
wilok sg czastki mineralne (osadzone zawiesiny i drobny piasek); ich masa $rednio
wynosi 2,2—5,1 g dm-2. llo$¢ substancji organicznych (glony, bezkregowce oraz detry-
tus) znajdujgcych sie na dnie badanych doptywéw waha sie w granicach 0,2—0,7 g
dm-2. Zawarto$¢ chlorofilu ,,a" w peryfitonie przecietnie wynosi 949—3,058 ug dm-2
(tabela I1), a $rednia zawarto$¢ chlorofilu ,,a" w materii organicznej powtok waha sie
w granicach 2,3—9,7%.. Wszystkie badane elementy powitok formowanych przez pery-
fiton wystepujga w poétroczu cieptym (V—X) w ilosciach mniejszych niz w pétroczu
zimnym (XI—IV), natomiast ich wspoétczynniki zmiennosci sa wieksze w péiroczu
cieptym (tabela IlI).

Rozwo6j peryfitonu ma duze znaczenie dla przebiegu procesu samooczyszczania
wody w potoku. Najsprawniej dziatajacy ,,biologiczny filtr" wydaja sie posiadaé przy-
ujéciowe odcinki Bulinki, Raby i Trzemes$ni (duza ilo$¢ chlorofilu ,,a" w powlokach
przez catly rok). W Brzozéwce i Zakliczance natomiast wystepuje w pétroczu cieptym
duza iloé¢ materii organicznej na dnie i mata ilos¢ chlorofilu ,,a" w materii organicznej
powtok, a w Debniku i Wolnicy peryfiton jest rozwiniety stosunkowo stabo (mafta
ilos¢ chlorofilu ,,a" w powlokach i mata masa powlok). Tak wiec w najbardziej za-
nieczyszczonych doptywach zbiornika dobczyckiego, w Wolnicy i Zakliczance, proces
samooczyszczania prawdopodobnie przebiega najmniej skutecznie.
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