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Abstract. This study of periphytic algae and gastropods
differentiation on macrophytes, stones, and dam substrates
and the relationships between these communities in the
vegetative season of 2001-2003 was conducted in the vicinity
of a hydroelectric plant on the Pasteka River. Damming the
river caused decreased water discharge upstream from the
plant, and increased it downstream. Thus, oxygen conditions
downstream from the plant improved, but high nutrient
concentrations were also recorded. Generally, increased
orthophosphate concentrations do not allow river waters to be
classified as having good or maximum ecological potential.
Damming contributed to changes in the growth conditions of
the periphytic algae and gastropods and their differentiation.
The highest biomass of periphytic algae was noted on the
dam, while the highest gastropods biomass was noted on
macrophytes. The periphytic algae was dominated by the
diatoms Diatoma vulgaris and Melosira varians (epiphyton,
dam) and the chlorophytes Ulothrix tenuissima and Spirogyra
sp. (epilithon), while the gastropods were dominated by
Lymnea stagnalis (macrophytes), Theodoxus fluviatilis
(stones), and Radix balthica (dam). The relationship between
the gastropods and the periphytic algae on macrophytes and
the dam in spring and summer revealed an increase in
gastropods biomass and a decrease in periphytic algae
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biomass. This was indicated by the negative correlation
between the biomass of these communities.

Keywords: river, hydroelectric plant, gastropods, periphytic
algae, interactions

Introduction

In rivers periphytic algae inhabit various natural
(epiphyton, epilithon) and artificial substrates, e.g.
those of human constructions in waters. The most
important factors influencing the development of
plant periphyton in rivers include water discharge,
substrate type, nutrient concentrations, and grazing
(Cattaneo 1983, Pringle 1990, Biggs 1996, Szlauer
1996, Perrin and Richardson 1997, Komulaynen
2006, Stevenson et al. 2006, Szabo et al. 2007). Sub-
strate structure and chemical composition are essen-
tial factors in determining periphytic algal biomass
(Lowe and Gale 1980, Biggs 1996, Allan 1998,
Komulaynen 2002, Szabo et al. 2007, Komulaynen
2009, Belyaeva 2010, Morin et al. 2010).

Periphytic algae are a food source for several in-
vertebrate and fish species (Cattaneo et al. 1993).
Herbivorous invertebrates can influence periphytic
algae directly by grazing, and indirectly by nutrient
General studies

regeneration. of relationships
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between plant periphyton and invertebrates have
been analyzed previously in rivers (Lewis 1986,
Perrin and Richardson 1997, Winter and Duthiel
1998, Komulaynen 2006, Morley et al. 2008, Coe et
al. 2009). Gastropods also play an important role in
shaping periphyton biomass, species composition,
and productivity (Bronmark 1989, Tuchman and
Stevenson 1991). Even on homogeneous substrates,
the grazing effect contributes to a mosaic of
periphyton communities (Kawata et al. 2001).

The Pasteka River is a typical example of
a montane river transformed by the construction of
a small hydro-electric power plant. The invertebrate
biomass in this river was dominated by gastropods
prior to its construction (Szymanska 2012). It is hy-
pothesized that damming the river has influenced the
growth
periphytic algae inhabiting both natural and artificial

conditions of gastropods grazing on
substrates. The objective of this paper is to determine
the differentiation of periphytic algae and gastropods
communities on macrophytes, stones, and dam sub-
strates, and to identify the relationships between
these communities in the vegetative season in the
2001-2003 period and under the conditions created

by damming the Paslteka River.

Materials and methods

Study area

The study on periphytic algae and gastropods was
conducted in the Pasteka River, which is designated
as a nature reserve on some segments, and is the only
montane river in the Warmia and Mazury region of
northeastern Poland (Fig. 1). The origin of the river is
in Lake Pastek, and it flows into the Vistula Lagoon.
The total length of the river is 172 km. In the south-
ern part of its catchment area near the mouth, ap-
proximately 80% of the area is forested, while in the
remaining areas forests constitute approximately
10% to 35% of the catchment area. The Pasteka River
catchment includes four protected landscape areas
and four nature reserves. The Pasteka River has

varied water discharge because of surface drop fluc-
tuations, which range from 5 to 0.4% (Czachorowski
1988), and the river bed width in the area studied
was about 20 m. In the upper part of its course, it is
a typical lowland river, whereas in the lower seg-
ments it assumes the features of a montane river
(Szymanska and Bonar 2004). The study site was lo-
cated in the vicinity of a part of the Ostoja Bobrow
Nature Reserve. The Kasztanowo hydroelectric
power plant is located on the Pasteka River, and has
been producing a average of 50 kW since 1989. The
facility comprises a dam that directs some of the wa-
ter to the power station through the upper penstock,
a discharge pipe that directs water from the power
station to the natural river bed, and a building that
houses the turbine.

Periphytic algae and gastropods sampling
and analysis

Samples of periphytic algae were collected monthly

during each April-November period in 2001-2003 at

the following sites with different substrates located at

distances ranging from 800 m upstream to 600 m

downstream from the hydroelectric plant and the

dam:

1) epiphyton from macrophyte leaves (Acorus cala-
mus L., Glyceria maxima (Hartm.) Holmb., Typha
angustifolia L.) at low water discharge (natural
substrate);

2) epilithon from stones at high water discharge (nat-
ural substrate);

3) periphyton from the dam slopes (artificial sub-
strate).

The periphytic algae were scraped from the dam

(2 sub-samples), from 1 cm? of stone surfaces 3

sub-samples), and from macrophyte leaves that had

been cut into 5

previously cm  lengths (2

sub-samples). The samples were rinsed and
preserved in an ethanol and formaldehyde solution.
In the vegetative season, the dam and stones were
with
glomerata (L.) Kiitzing thallophytic green algae. This

overgrown  systematically Cladophora

chlorophyte occurred as large thalluses, and was an
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Figure 1. Location of study site on the Pasteka River - the Kasztanowo hydroelectric power station.

element of the natural substrate for small periphytic
algae. C. glomerata was eliminated from this analysis
because it concentrated on algae of smaller sizes and
similar structures to the epiphytic algae occurring on
the leaves of other macrophytes. The periphyton was
shaken carefully in distilled water to separate the
algae, including diatoms, from the chlorophyte
thalluses. Any remaining periphyton was scraped off
macrophyte leaves with a knife. The samples were
rinsed and preserved using an ethanol and
formaldehyde solution. A total of 108 samples were
Qualitative and

determinations of periphytic algae were performed

collected. quantitative
with an Alphaphot YS2 optical microscope at
and 100x.
Identifications were performed based on works by
Krammer and Lange-Bertalot (1986, 1988, 1991a
and 1991b), Huber-Pestalozzi et al. (1983), and
Hindak (1996). Diatom preparations followed the
standard procedures described by Battarbee (1979).
Algae biomass was calculated using biovolume by

magnifications of 10x, 20x, 40x,

comparing algae to their geometrical shapes (Rott
1981).
individuals of each periphytic algae species and

Mean biomass was calculated for 10

. -2
expressed mmgcm .

Samples of gastropods were collected monthly in
the April-November period in 2001-2003 with dif-
ferent substrates: (1) macrophytes (mainly Acorus

calamus accompanied by Glyceria maxima and
Typha angustifolia), (2) stones (macro-mesolithal),
and (3) the dam slope (technolithal). Gastropods
samples were collected from 40 cm? areas of these
substrates with sieves and dredges (Davies 2001, Bis
2006), so that all live gastropods were selected and
preserved in 96% ethanol. The collected material was
determined to the highest taxa using the keys by
Piechocki (1979 and 2008) under a MOTIC stereo-
scopic microscope and a NIKON optical microscope.
Individual gastropod mass was determined with
a WPA 40/160/C/1 analytic weighing device to the
nearest 0.00001 g and expressed in mg em?. A total
of 93 samples were collected, as follows: 24 from
macrophytes; 62 from macro- and mesolithal sites; 7
from technolithal areas.

Basic physical and chemical water parameters
were measured directly at the sampling sites from
April to November 2001-2003. Water temperature
values were measured to the nearest 0.1°C, oxygen
content to the nearest 0.01 mg Oy 1'1, and pH and
conductivity in the range of 1-1743 uS em! were
measured in situ. Concentrations of
orthophosphates, silicon, calcium, and total nitrogen
were measured in the laboratory using Spectroquant
Merck tests (NOVA 400 spectrophotometer). The
physicochemical water parameters were analyzed
based on water quality indexes to determine the
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ecological potential of strongly altered rivers accord-
ing to Appendixes 5 and 8 of the Regulation of the
Minister of the Environment (2011).

In this study periphytic algae and gastropods dif-
ferentiation = was  analyzed on  substrates
(macrophytes, stones, and the dam) in the spring
(April and May), summer (June, July, August) and
autumn (September, October, November) in the
2001-2003 period. The species diversity of the
periphytic algae and gastropods biomass was ana-
lyzed to calculate the Shannon-Weaver index (Shan-
non and Weaver 1949). Means of the sum biomass of
individuals on particular substrates and divided by
the number of measurements were used in the analy-
sis. Standard deviations were also calculated for
periphytic algae and gastropods biomass and for
physicochemical water parameters. Eudominants
and dominants were determined based on percent-
ages of total periphytic algae and gastropods biomass
(1) above 10% for
eudominants and (2) from 5.1 to 10% for dominants
(Tischler 1949). All of the data were analyzed statisti-
cally using Statistica 8.0. The biomass of the gastro-

in the following ranges:

pods was correlated with the biomass of the
periphytic algae using non-parametric methods be-
cause these data were not normally distributed. The
relationships calculating

were confirmed by

Spearman’s rank correlation coefficient.

Results

Physical and chemical water parameters

The differences within the physicochemical parame-
ters of Pasteka River waters in 2001-2003 were ex-
amined at sites with different macrophyte, stone, and
dam substrates (Table 1). Water temperature ranged
from 6 to 21°C, while orthophosphates ranged from
0.05 to 1.28 mg POy 1! at all the sites. The highest
ranges in the variability of conductivity and silicon, at
74-1667 pS cmand 0.12-3.04 mg Si 1, respec-
tively, were recorded on the dam. Moreover, the high-
est variability in the ranges of oxygen content at

3.76-14.76 mg Oy 1!, total nitrogen at 0.5-5.7 mg N
1'1, and calcium concentration at 10-304 mg Ca 1!
was noted at sites with macrophytes. The mean water
temperature ranged from 13.8°C at stone sites to
14.3°C at macrophytes sites when water discharge
was low. The highest mean oxygen content of 9.75
mg Oy 1'! was noted on the dam when water dis-
charge was high, and the lowest oxygen content was
noted at macrophyte sites (8.39 mg Oz 1'1). The mean
conductivity ranged from 466 pS cm! at stone sites
to 538 puS em’!
orthophosphate content ranged from 0.42 mg PO4 1!

at macrophyte sites. Mean
at macrophyte sites to 0.44 mg POy 1! at stone sites.
The macrophyte sites had higher nutrient concentra-
tions than did the remaining sites (2.0 mg N 11 1.14
mg Si 1‘1,1 19mg Ca 1_1); however, the lowest total ni-
trogen of 1.5 mg N 1'! and calcium of 105 mg Ca 1!
were recorded on the dam. The measurement values
show that the Pasteka River has first class water qual-
ity in terms of dissolved oxygen concentration, tem-
perature and conductivity, and total nitrogen
according to the Polish Regulation of the Minister of
Environment (Table 1). The calcium concentration
was second class water quality, and orthophosphates
was below the second class water quality standard.

General characteristics of periphytic algae

Differences in the biomass of periphytic algae were
observed in the Pasleka River (Fig. 2). The highest
mean periphytic algae biomass was recorded on the
dam (5.92 mg cm™), and the lowest on epiphyton
(1.02 mg Cm'z). The highest mean periphytic algae
biomass of 5.26 mg cm % was noted in spring and the
lowest of 1.58 mg cm % in summer (Fig. 3). The great-
est species diversity was recorded for epiphyton at
3.96 and the least for periphyton on the dam at 1.78,
which is where the lowest number of taxa of 80 was
recorded, while the most taxa noted was 115 in the
epilithon (Table 2).
For epiphyton biomass, the following
eudominants were identified; (1) Diatoma vulgaris
Bory (30.5%), Cymbella compacta Estrup. (23.2%)

and Lyngbya hieronymussii Agardh. (14.5%) in
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Table 1

Physicochemical water parameters (N=72; mean + SD, and range) measured in the Past¢ka River in 2001-2003 and water quality
indexes for determining the ecological potential of strongly altered rivers according to Appendix 5 of the Regulation of the Minister

of Environment (2011)

Water quality

Substrate Macrophytes Stones Dam class
Water temperature (°C) 13.9+4.64 (6.1-21.3) 13.8+4.78 (6.0-21.1) 14.3£4.06 (6.0-21.0) I
Oxygen content (mg O, 1) 8.39+2.91 (3.76-14.76) 9.35+2.30 (3.93-13.70) 9.75+2.05 (6.46-16.24) I
Electrolytic conductivity (uS em’)  538+334 (160-1735)  466+344 (378-1674) 495+302 (74-1667) I
Total nitrogen (mg N 1'1) 2.0£1.5 (0.5-5.7) 1.8+1.2 (0.5-4.2) 1.5+0.9 (0.5-4.1) I
Orthophosphates (mg PO, 1‘1) 0.42+0.34 (0.05-1.26) 0.44£0.34 (0.05-1.25) 0.42+0.35 (0.05-1.28) exceed class Il
Silicon (mg Si 1) 1.14£0.76 (0.16-2.75)  0.89+0.62 (0.07-2.26) 1.02£0.71 (0.12-3.04)
Calcium (mg Ca 1 119+69 (10-304) 117+63 (58-314) 105+57 (10-245) I
Table 2
Periphytic algae and gastropods species diversity and number of taxa in the vicinity of the Pasteka River hydroelectric plant in
2001-2003
Substrates Macrophytes (epiphyton)  Stones (epilithon) Dam (periphytic algae)
Periphyton

Species richness 97 115 80

Shannon-Weaver diversity index 3.96 3.46 1.78
Gastropods

Species richness 22 16 11

Shannon-Weaver diversity index 2.98 2.04 0.10

spring; (2) Melosira varians Agardh. at 67.9% in
summer; (3) Cymbella tumida (Bréb.) Van Heurck
(20.0%) and Gomphonema olivaceum (Hornemann)
Bréb. (11.8%) in autumn. The dominant diatoms
were: Ulnaria ulna (Nitzsch) P.Compére and M.
varians. The epilithon was dominated by Ulothrix
tenuissima Kiitz. at 50.2% and D. vulgaris at 27.2%
in spring, and the genus Spirogyra sp. in the summer
and autumn seasons at 51.6% and 26.2%, respec-
tively, accompanied by the genus Mougeotia sp.
(29.4%) and M. varians (15.6%). The following
eudominants occurred in the periphytic algae bio-
mass on the dam: (1) Diatoma vulgaris var. linearis
(Grun.) Van Heurck at 28.9%, D. vulgaris at 19.7%,
and G. olivaceum at 12.6% in spring; (2) M. varians
in the summer and autumn seasons at 59.5% and

47.7%, respectively, together with the genus Spirogy-
ra sp. (19.7%) and Diatoma hyemalis (Roth) Heib.
(11.6%). Accompanying species were U. ulna and D.
vulgaris (Table 3).

General characteristics of gastropods

Differences in gastropods biomass were also observed
in this study (Fig. 2). The highest gastropods biomass
was on macrophytes (5.68 mg em™) and the lowest
was at macro- and mesolithal sites (2.06 mg cm’z).
The highest gastropods biomass was in summer (3.70
mg em™®) and the lowest was in spring (2.01 mg am?;
Fig. 3). Among the gastropods, the greatest species di-
versity and taxa number was on the macrophytes at
2.98 and 22 taxa, and lowest values were noted on the
dam at 0.10 and 11 taxa (Table 2).
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Figure 2. Mean biomass of periphytic algae and gastropods on
macrophytes, stones, and dam substrates in the vicinity of the hy-
droelectric plant on the Past¢ka River in 2001-2003.

The eudominant of gastropods biomass was Ra-
dix auricularia (L.) at 70.5% on macrophytes. This
species attached at a lower proportion (34.7%) in
summer, when the other eudominants Lymnea
stagnalis (L.) and Bithynia tentaculata (L.) occurred,
which were also eudominants in the autumn. Radix
ampla (Hartm.), B. tentaculata and Radix balthica
(L.) were accompanying species. Two dominants,
Bithynia leachii (Shep.) and Planorbarius corneus
(L.), were noted in summer. The second species was
recorded as a eudominant with the highest propor-
tion at 32.2% in autumn. The gastropods composi-
tion on the macro- and mesolithal surfaces were
fairly stable. The eudominant Theodoxus fluviatilis
(L.) attached at the highest proportions from 39.2 in
autumn to 68.8% in summer, and was accompanied
by R. ampla in all seasons, B. tentaculata in spring,
and R. balthica in autumn. Meanwhile, R. balthica
was eudominant in all seasons at the dam
technolithal site. This was the only species that oc-
curred in spring, accompanied by the eudominant
Physa fontinalis (L.), the dominant Valvata piscinalis
(O.F.M.) in summer, and the eudominant R. ampla in
autumn (Table 3).

Relationships between gastropods and
periphytic algae in the vegetative season

The standard deviations for periphytic algae and gas-
tropods did not exceed twice the value of arithmetic
means, which indicated the data were statistically rep-
resentative. Statistical analysis showed significant,

20 A
Macrophytes (@)

15 4

10 ~

Biomass (mg cm‘z)

20 1
Stones (b)
15
***** Gastropods
——  Periphyton

Biomass (mg cm )
—_
IS
|

Biomass (mg cm )

Apr  May  Jun Jul  Aug  Sep Oct Nov

Figure 3. Relationships between gastropods and periphytic algae
on macrophytes (a), stones (b), and the dam (c) in the vegetative
season in the Pasteka River (mean values in 2001-2003).

negative correlations between gastropods and
periphytic algae biomass in all seasons (r=-0.312, P <
0.05) and in spring (r = - 0.464, P < 0.05) (Table 4).
The following relationships between gastropods
and periphytic algae biomass in the Pasteka River
were observed during the vegetative season on the
different substrates; (1) macrophytes - (a) in spring
and early summer, between April and June, there
was increased gastropods biomass accompanied by
a rapid decrease in epiphyton biomass, (b) in sum-

mer in July and August there was a decrease in
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Table 4

Biomass data (mg cm *, mean +standard deviation) and Spearman rank correlation (r) between gastropods and periphytic algae in

the Pasteka River in 2001-2003

All seasons Spring Summer Autumn

N =093 N =30 N=32 N=31
Gastropods 3.11+4.48 2.01+3.06 3.70+4.95 2.61+3.83
Periphytic algae 2.47+3.90 5.26+5.59 1.58+2.91 1.69+3.18
Spearman correlation coefficient r =-0.312* r=-0.464* r=-0.308 r=0.337

*statistically significant (P < 0.05)

epiphyton biomass (Fig. 3a); (2) on stones - (a) in
spring in April and May there was also an increase in
gastropods biomass accompanied by decreased
periphytic algae biomass, and then (b) from July
right through to November similar dynamics were
observed for these communities (Fig. 3b); and (3) the
dam - (a) in both spring (April, May) and summer
(July, August) there was increased gastropods bio-
mass with decreased periphytic algae, and (b) similar
biomass dynamics were again recorded in late sum-
mer and autumn (Fig. 3c). Additionally, statistically
significant correlations were not noted among the
biomass of these communities in the summer and
autumn seasons (Table 4).

Discussion

According to Xiaocheng et al. (2008), human con-
structions are use in montane-type rivers similar to
the Pasteka River with high water discharge, low wa-
ter temperature, and high oxygen content, and addi-
tionally, when the physicochemical water parameters
of rivers are highly variable. This can be linked to wa-
ter discharge, nutrient inflow from catchment areas,
sediment nutrient re-suspension, especially at
macrophyte sites when water discharge is slow. Al-
though some authors have reported considerably
lower nutrient concentrations (Gosh and Gaur 1998,
Potapova et al. 2004, Passy and Bode 2004, Zalocar
de Domitrovic et al. 2007), in the present study
Pasteka waters in 2001-2003 contained quite high
concentrations, especially of PO4. Generally, in-
creased orthophosphate concentrations do not per-
mit classifying the ecological potential of river waters

as good or maximum according to Appendix 8 of the
Regulation of the Minister of the Environment
(2011). High concentrations of Nyt and PO4 could
have supported the growth of epiphytic algae, as was
indicated by positive correlations between algae bio-
mass and these nutrients (Zebek 2013). The high
gastropods biomass in the Pasteka River is compara-
ble to that from other studies that examined inverte-
brates dominated by gastropods in streams with
diverse geological structures at 400 to 800 pS em’!
conductivity (Egglishaw and Morgan 1965). There-
fore, the Pasteka River has potentially ideal condi-
tions for the development of all invertebrates,
especially gastropods, which attached at the highest
biomass on macrophytes.

The periphytic algae in rivers that inhabit various
natural and artificial substrates, e.g., those of human
constructions, are layered and varied. As is
comparable with other studies (Chudyba 1965,
St-Cyr et al. 1997), the substrates of the periphytic
algae in the Pasteka River were macrophytes, stones,
and elements of the dam. Similarly, the thallophytic
chlorophyte Cladophora glomerata is a natural
substrate for small periphytic algae, but Bohr (1962)
recognized this chlorophyte algae as an element of
the periphytic study,
differentiation was noted among the periphytic algae

algae. In the present
occurring on these different substrates. The highest
periphytic algae biomass was noted on the dam
because filamentous diatoms and chlorophytes
inhabit rough artificial substrates more often than
they do natural ones (St-Cyr et al. 1997). Some
authors have recorded the dominance of Diatoma
vulgaris in periphytic assemblages in the Pasleka
River (Potapova et al. 2004, Szabo et al. 2007, Zebek
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2009). However, in the current study, the periphytic
algae were dominated by Diatoma vulgaris var.
linearis and Melosira varians, which could have
resulted from the phytoplankton being dominated by
these species in summer. Simultaneously, the lowest
gastropods biomass on the dam contributed to less
grazing periphytic algae in comparison with other
substrates. Moreover, the lowest species diversity of
gastropods and periphytic algae on the substrate
could have resulted from increased water discharge
of dammed waters that caused algal thalluses to
rupture and smaller-sized species to be washed
(2008),
obstructing the rivers with small hydroelectric plants

away. According to Xiaocheng et al

induces negative changes in gastropods species
composition and density and causes an overall
depletion in biological diversity. Therefore, R.
balthica was a eudominant in all seasons on the dam,
which is of a flattened shell shape that has
a comparatively large surface area and which
provides excellent conditions for organism adhesion
and means that organisms can tolerate increased
water discharges. Additionally, its survival is ensured
by access to an adequate periphytic algal food source
and the absence of other gastropods competitors.
Gastropods are one of main grazers on periphytic
algae (McClatchie et al. 1982). The lowest epiphyton
biomass in the Paste¢ka River is linked to the very high
number of gastropods species, their diversity and
biomass, and the fact that they exist on the
macrophytes found there. These gastropods graze di-
rectly on periphytic algae and indirectly on
macrophytes. Both the highest species diversity and
the number of dominants, including C. compacta, D.
tumida, and G.
olivaceum in the epiphyton, could have been related

vulgaris, L. hieronymussii, C.

to the grazing effects of a mosaic of periphyton com-
munities which are present even on homogeneous
substrates (Kawata et al. 2001). Moreover, damming
the river slowed water discharge and increased sedi-
ment accumulation, which provided ideal conditions
for both floating and submerged macrophytes to de-
velop. Szymanska and Bonar (2004) reported that
a variety of new habitats had formed upstream from
the dam, including a macrophyte substrate with the

that favored different
periphytic algae, and the macrophyte and periphytic

accompanying nutrients

algal food sources on this substrate that sustained
gastropods species.

Stony substrates and rapid water discharge cre-
ated conditions that were too difficult for periphytic
algae and gastropods species to colonize, precisely
because few of them are adapted to inhabit such
lothic environments (Crowl and Schnell 1990). As
was noted with regard to the Pasteka River, some
other authors also reported the lowest biomass,
fewer species, and lower diversity of gastropods on
macro and mesolithal substrates in areas with in-
creased water velocity (Strzelec and Krélczyk 2004).
T. fluviatilis dominated these conditions (Piechocki
1979), and was a eudominant in all seasons. This
species consumes filamentous periphytic algae such
as Cladophora sp. (Jacoby 1985) that inhabits stone
surfaces and is the main shaft for small periphytic al-
gae. In the present study, the epilithon was domi-
nated by the filamentous chlorophytes Ulothrix
tenuissima in spring and the genus Spirogyra in the
summer and autumn seasons, which is comparable
with other studies (Ghosh and Gaur 1998, Asaeda
and Son 2000). The largest number of taxa of the
epilithon could be linked with the continuous rinsing
of these algae from stones, which led to frequent
changes in algal composition and the increased num-
ber of taxa.

Regardless of the substrate type, gastropods also
play an important role in shaping periphyton bio-
mass, species composition, and productivity
(Bronmark 1989, Tuchman and Stevenson 1991).
The lowest epiphytic algae biomass in the Pasteka
River, stemmed from intense gastropods grazing,
which is evidenced by the significant, negative corre-
lations between gastropods and periphytic algae bio-
mass. The most intensive grazing occurred in spring
when increased gastropods biomass was accompa-
nied by decreased periphyton biomass on all sub-
strates, as is indicated by the significant, negative
correlation between these communities in spring.
However, this phenomenon was less intense during
summer on macrophytes and the dam. Bronmark
(1989) and Komulaynen (2006) reported that
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filamentous algae and diatoms comprised a high per-
centage of the invertebrate diet. The gastropodss in
the Pasteka River fed on periphytic algae such as fila-
(Melosira
chlorophytes, and did so with greater intensity on the

mentous  diatoms varians)  and
substrates of macrophytes and the dam than they did
on that of the stones. Differences in periphytic algae
composition could, however, be related to
gastropodss alimentary preferences.

In conclusion, the hydroelectric power facility on
the Pasteka River contributed to changes in
periphytic algae and gastropodss habitat conditions.
This stemmed from changes in water discharge. As
a result of decreased water discharge, the river up-
stream from the facility is of a lowland character,
while that downstream is of a montane character
with decidedly higher water discharge. Damming the
river contributed to water quality deterioration with
regard to nutrient concentrations upstream from the
plant. Consequently, this has created new habitats
for periphytic algae on macrophytes in areas where
water discharge is low and on the dam slopes. These
habitats are characterized by both intense periphytic
algae production and gastropodss grazing, especially
upstream from the hydroelectric plant when water
discharge is slow and nutrient concentrations are
high. The results of the present study suggest that all
of the environmental effects and phenomena focused
upon in the current study should be considered care-
fully in future when planning of construction projects

on small rivers and restoration projects.

Acknowledgments. The study was conducted within the
framework of KBN grant no. 6PO4G06620 entitled: “Eco-
logical effects of Past¢ka River development for the pur-
pose of small retention and water power engineering”.

Author contributions. The research was designed by
E.Z. and U.S.; microscopic and chemical analysis were
performed by E.Z. and U.S.; E.Z. and U.S. analyzed the
data; E.Z. and U.S. wrote the paper.

References

Asaeda T., Son D.H. 2000 - Spatial structure and populations
of a periphyton community: a model and verification -
Ecol. Model. 133: 195-207.

Battarbee RW. 1979 - Diatoms in lake sediments - In:
Paleohydrological changes in the temperate zone in the
last 15,000 years (Ed.) B. Berglund, Lake and Mire Envi-
ronments, Lund: 177-226.

Belyaeva P.G. 2010 - Dynamics of Phytoperiphyton in the
Basin of the Piedmont Sylva River, Perm Krai - Russ. J
Ecol. 41: 95-98.

Biggs B.J. 1996 — Hydraulic habitat suitability for periphyton
in rivers — River Res. Appl. 12: 251-261.

Bis B. 2006 - The methodology of sampling the benthos fauna
in small and average rivers for aims to ecological moni-
toring according to the RDW thesis - GIOS, 23 p. (in Pol-
ish).

Bohr R. 1962 - Sociological studies of plant periphyton in the
Lake Mamry - Stud. Scien. Torun. 6: 1-44.

Bronmark C. 1989 - Interactions between epiphytes,
macrophytes and freshwater snails: a review — J. Mollus-
can Stud. 55: 299-311.

Cattaneo A. 1983 - Grazing epiphytes — Limnol. Oceanogr.
28:124-132.

Cattaneo A., Legendre P., Niyonsenga T. 1993 - Exploring
periphyton unpredictability — J. Am. Benth. Soc. 12:
418-430.

Chudyba H. 1965 - Cladophora glomerata and accompanying
algae in the Skava River - Acta Hydrobiol. 7: 93-126.

Crowl A. T., Schnell C. D. 1990 - Factors determining popula-
tion density and size of a freshwater snail in streams
effects of spatial scale - Oikos 59:359-367.

Czachorowski S. 1988 - Caddis files (Trichoptera) of the River
Pasteka (Northern Poland) - Acta Hydrobiol. 30(3/4):
393-409.

Davies A. 2001 - The use and limits of various methods of
sampling and interpretation of benthic
macro-invertebrates — J. Limnol. 60 (Suppl. 1): 1-6.

Egglishaw H. J., Morgan N. C. 1965 - A survey of the bottom
fauna of streams in the Scottish Highlands. Part II. The
relationship of the fauna to the chemical and geological
conditions - Hydrobiologia 26: 173-183.

Ghosh M., Gaur J.P. 1998 - Current velocity and the estab-
lishment of stream algal periphyton communities -
Aquat. Bot. 60: 1-10.

Hindak F. 1996 - Key to the unbranched filamentous green
algae (Ulotrichineae, Ulotrichales, Chlorophyceae) -
Biulletin Slovenskej botanickej spolocnosti pri SAV,
Bratislava, 77 p.

Huber-Pestalozzi G., Komarek J., Fott B. 1983 - Das Phyto-
plankton des Stsswassers, Systematik und Biologie.
Chlorophyceae (Griinalgen) - Stuttgart, 1044 p.



Gastropods and periphytic algae relationships in the vicinity of a small hydroelectric plant on the Pasteka... 79

Jacoby JM. 1985 - Grazing Effects on Periphyton by
Theodoxus fluviatilis (Gastropoda) in a Lowland Stream
- J. Freshw. Ecol. 3: 265-274.

Kawata M., Hayashi M., Hara T. 2001 - Interactions between
neighboring algae and snail grazing in structuring
microdistribution patterns of periphyton - Oikos 92:
404-416.

Komulaynen S. 2002 - Use of phytoperiphyton to assess
water quality in north-western Russian rivers — J. Appl.
Phycol. 14: 57-62.

Komulaynen S. F. 2006 - Diets of periphytonic invertebrates
in a small river — Russ. J. Ecol. 37: 337-343.

Komulaynen S. 2009 - Diatoms of periphyton assemblages in
small rivers in Northwestern Russia — Studi Trent. Sci.
Nat. 84: 153-160.

Krammer, K., Lange-Bertalot H. 1986 - Bacillariophyceae 1,
Naviculaceae - In: Stipwasserflora von Mitteleuropa 2 (1)
(Eds) H. Ettl, J. Gerloff, H. Heyning, D. Mollenhauer,
VEB Gustav Fischer Verlag, Stuttgart, 876 p.

Krammer K., Lange-Bertalot H. 1988 - Bacillariophyceae 2,
Epithemiaceae - In: Stifwasserflora von Mitteleuropa 2
(2) (Eds) H. Ettl, J. Gerloff, H. Heyning, D. Mollenhauer,
VEB Gustav Fischer Verlag, Stuttgart, 596 p.

Krammer K., Lange-Bertalot H. 1991a - Bacillariophyceae 3,
Centrales, Fragilariaceae, Eunotiacecae - In:
Stifwasserflora von Mitteleuropa 2 (3) (Eds) H. Ettl, J.
Gerloff, H. Heyning, D. Mollenhauer, VEB Gustav
Fischer Verlag, Stuttgart, 576 p.

Krammer K., Lange-Bertalot H. 1991b - Bacillariophyceae 4,
Achnanthaceae - In: Stipwasserflora von Mitteleuropa 2
(4) (Eds) H. Ettl, J. Gerloff, H. Heyning, D. Mollenhauer,
VEB Gustav Fischer Verlag, Stuttgart: 437 p.

Lewis M.A. 1986 - Impact of a municipal wastewater effluent
on water quality, periphyton, and invertebrates in the lit-
tle Miami River Near Xenia, Ohio — Ohio J. Sci. 86: 2-8.

Lowe R.L., Gale W.F. 1980 - Monitoring river periphyton with
artificial benthic substrates - Hydrobiologia 69:
235-244.

McClatchie S., Juniper S.K., Knox G.A. 1982 - Structure of
a mudflat diatom community in the Avon&Heathcote
Estuary, New Zealand - New Zeal. J. Mar. Fresh. 16:
299-309.

Morin A., Pesceb S., Tlilib A., Costea M., Montuelleb B. 2010
- Recovery potential of periphytic communities in a river
impacted by a vineyard watershed - Ecol. Indic. 10:
419-426.

Morley S. A., Duda J.J., Coe H.J., Kloehn K.K., McHenry M.L.
2008 - Benthic invertebrates and periphyton in the
Elwha River Basin: current conditions and predicted
response to dam removal — Northwest Sci. 82(special
issue 1): 179-196.

Passy S.I., Bode R-W. 2004 - Diatom model affinity (DMA),
anew index for water quality assessment — Hydrobiologia
524: 241-251.

Perrin C.J. Richardson J.S. 1997 - N and P limitation of
benthos abundance in the Nechako River, British Colum-
bia — Can. J. Fish. Aquat. Sci. 54: 2574-2583.

Piechocki A. 1979 - Molluscs (Mollusca). Gastropods
(Gastropoda). Freshwater Fauna of Poland - PWN,
Warszawa-Poznan, 187 p. (in Polish).

Piechocki A. 2008 - Molluscs (Mollusca) - In: Fauna of
Poland - characteristics and checklist of species (Eds) W.
Bogdanowicz, E. Chudzicka, I. Pilipiuk, E. Skibifiska,
Muzeum i Instytut Zoologii PAN, Warszawa 3, 603 p. (in
Polish).

Potapova M.G., Charles D.F., Ponader K.C., Winter D.M.
2004 - Quantifying species values for trophic diatom
indices: a comparison of approaches — Hydrobiologia
517: 25-41.

Pringle C.M. 1990 - Nutrient spatial heterogeneity: effects on
community structure, physiognomy, and diversity of
stream algae — Ecology 71: 905-920.

Regulation 2011 - Regulation of the Minister of the Environ-
ment of 9 November 2011 on status classification of sur-
face water bodies and environmental quality standards
for priority substances — Official Journal of the Laws of
2011, No. 257, Item 1545 (in Polish).

Rott E. 1981 - Some results from phytoplankton counting
intercalibrations — Schweiz. Z. Hydrol. 43: 34-62.

Shannon C.E., Weaver W. 1949 - The mathematical theory of
communication - Urbana, 117 p.

Stevenson R.J., Rier S.T., Riseng C.M., Schultz R.E., Wiley
M.J. 2006 - Comparing effects of nutrients on algal bio-
mass in streams in two regions with different disturbance
regimes and with applications for developing nutrient cri-
teria — Hydrobiologia 561: 149-165.

Strzelec M., Kroélezyk A. 2004 - Factors affecting snail
(Gastropoda) community structure in the upper course of
the Warta river (Poland) - Biologia (Bratislava) 59/2:
159-163

St-Cyr L., Cattaneo A., Chassé R., Fraikin C.G.J. 1997 - Tech-
nical evaluation of monitoring methods
macrophytes, phytoplankton and periphyton to assess
the impacts of mine effluents on the aquatic environment
— Technical report for the Aquatic Effects Technology
Evaluation (AETE) Program, AETE Project 2.3.2, pre-
pared for Natural Resources Canada, Canada Centre for
Mineral and Energy Technology (CANMET), Ottawa,
Ontario.

Szabo KE. Acs E., Kiss K.T., Eiler A., Makk J.,
Plenkovic-Moraj A., Toth B., Bertilsson S. 2007 -
Periphyton-based water quality analysis of a large river
(River Danube, Hungary): exploring the potential of
molecular fingerprinting for biomonitoring - Arch.
Hydrobiol. Large Rivers 17(3-4): 365-382.

Szlauer L. 1996 - Determination method of the volume of
periphyton components — Pol. Arch. Hydrobiol. 43: 3-8.

using



80 Elzbieta Zebek, Urszula Szymanska

Szymanska U., Bonar A. 2004 - Net zooplankton diversifica-
tion above and below the ,Kasztanowo” hydro-electric
power station on the Pasteka River - Teka Kom. Ochr.
Srod. Przyr. - OL PAN, 1: 256-266.

Szymanska U. 2012 - The habitat’s impact on Mollusca
biodiversity in the Pasteka River — Proc. 22™ Congr. Pol.

Hydrobiol., Cracow, Poland, 19-22 Sept. 2012:
(www.iop.krakow.pl/zhp)
Tischler W. 1949 - Grundziige der terrestrischen

Tierokologie — Braunschweig, Friedrich Vieweg und
Sohn, 219 p.

Tuchman N.C., Stevenson R.J. 1991 - Effects of Selective
Grazing by Snails on Benthic Algal Succession - J. N.
Am. Benthol. Soci. 10: 430-443.

Winter J.G., Duthiel H.C. 1998 - Effects of urbanization on
water quality periphyton and invertebrate communities

in a southern Ontario Stream — Can. Water Resour. J. 23:
245-257.

Xiaocheng F., Tao T., Wanxiang J., Fengqing L., Naicheng W.,
Shuchan Z., Qinghua C. 2008 - Impacts of small
hydropower plants on macroinvertebrate communities —
Acta Ecol. Sinica 28: 45-52.

Zalocar de Domitrovic Y., Poi de Neiff ASG., Casco S.L. 2007
- Abundance and diversity of phytoplankton in the
Parana River (Argentina) 220 km downstream of the
Yacyreta reservoir — Braz. J Biol. 67: 53-63.

Zebek E. 2009 - Comparison of plant periphyton on the dif-
ferent substrates in the vicinity of the water power station
on the Pasteka River - Oceanol. Hydrobiol. Stud. 38
(Suppl. 2): 133-138.

Zebek E. 2013 - Seasonal dynamics of periphytic algae in
years with various water levels in the Pasteka River in the
vicinity of the hydroelectric power station (north-east
Poland) - Ecohydrol. Hydrobiol. 13: 210-217.





