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Abstract—Specific features of the formation of the structure of bottom communities in rivers of esker land-
scapes with dissected topography are analyzed using original samples of macrozoobenthos, and 110 inverte-
brate taxa are identified. It is shown that the species composition of the macrozoobenthos in rivers on the
northern coast of Lake Onega is formed under the effect of the poor regional fauna of Eastern Fennoscandia.
The dissected topography is a local factor of the formation of a large number of open lakes in the river network
and of many zones under the limnic effect. As a result, benthic communities are characterized by high abun-
dance and biomass (10000 ind./m? and 52 g/m? on average in rapids and 3000 ind./m? and 12 g/m? on aver-
age in pools, respectively). The portion of collector—filterers in the macrozoobenthos is large (43% of the
total biomass on average in the zones of the lake effect), and they are capable of consuming the seston coming

from lakes.
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INTRODUCTION

River ecosystems are very closely related to the
landscape of the catchment area (Thorp et al., 2006;
Allan and Castillo, 2007; Karlsen et al., 2019). The
features of climate, topography, vegetation, and
human economic activity exert a great impact on the
structure and status of river communities, and on that
of macrozoobenthos in particular (Heino, 2005;
Bogatov and Fedorovskii, 2017; Gerth and Giannico,
2017; Erds and Lowe, 2019). A study of the structure of
bottom communities in rivers of various landscapes
enables us to reveal the mechanisms of formation and
functioning of river ecosystems under the impact of
many factors in their catchment areas.

The northern coast of Lake Onega (the area
between the Lizhma and Kumsa rivers, including the
Zaonezhskii Peninsula) is distinguished by very spe-
cific landscapes. The main feature of their topography
consists of the spread of narrow and long crystalline
ridges (eskers) with altitude reaching 230 m, covered
by a thin discontinuous layer of Quaternary deposits.
The watersheds in the area are high, and the vertical
and horizontal dissection of the surface in strong
(Gromtsev and Karpin, 2013). The Zaonezhskii Pen-
insula is characterized by the mildest climatic condi-
tions for Karelia (the sum of temperatures >10°C
reaches ~1500°C, the duration of the frost—free period

is 120-130 days, and the period with snow cover lasts
135—145 days) (Gromtsev and Karpin, 2013).

The esker landscape determines a number of
hydrological features of rivers. The hydrographic net-
work of the peninsula is characterized by lake—river
systems with a linear lacustrine coefficient <70% and
a stepped longwise section (Litvinenko and Bogdan-
ova, 2013). The dissected and mosaic landscape favors
the formation of a wide variety of aquatic biotopes,
which can affect the biological diversity and sustain-
ability of communities. Many watercourses are short
channels with rapids between lakes, which exert a sig-
nificant effect on river ecosystems (Baryshev, 2017;
Salvo et al., 2020).

It is known that the increased color, low mineral-
ization, and low pH typical for waters of Fennoscandia
limit the diversity and abundance of aquatic commu-
nities (Tekanova et al., 2019; Kesti et al., 2022). How-
ever, waters of the Zaonezh’e are characterized by rel-
atively high mineralization (30—360 mg/L), alkalinity,
and trophicity as compared to rivers of the Republic of
Karelia in general and by low content of organic sub-
stances in lakes and their high content in rivers (Lozo-
vik et al., 2005).

Macrozoobenthos of the Lizhma River, one of the
rivers of the northern coast of Lake Onega, is rather
comprehensively studied (Khrennikov, 1978; Khren-
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Fig. 1. Schematic map of the location of sampling stations (1—26) in rivers of the northern Lake Onega basin in 2007—2017.

nikov, 2007; Baryshev and Kukharev, 2011). However,
there is little information about the bottom communi-
ties of other watercourses in this area (Ryabinkin et al.,
2000; Komulainen et al., 2013). Understanding the
processes of formation of bottom communities in riv-
ers of esker landscapes with high watersheds and pro-
nounced vertical and horizontal dissection is import-
ant for revealing the general regularity of the function-
ing of freshwater ecosystems.

The aim of this work is to analyze the effect of the
combination of natural factors related to physico-
chemical features of the catchment area of rivers in
esker landscapes of the northern coast of Lake Onega
on the composition, abundance, and trophic structure
of macrozoobenthos communities of these rivers.

MATERIALS AND METHODS

The material for the study was collected at 26 sta-
tions in ten rivers (Fig. 1) of the northern coast of Lake
Onega in 2007—2017. In total, 97 quantitative samples
of macrozoobenthos were taken and processed,
including 80 from rapids and 17 from pools. Most
samples (85) were taken in summer (the second half of
July—the first half of August). This season is the most
representative for the characteristic of biological
aspects of rivers of the Lake Onega basin (Chernov,

1927; Baryshev and Veselov, 2007; Baryshev, 2020).
Samples were also taken at three stations in autumn
and spring (Table 1) to assess seasonal changes in the
trophic structure and abundance of macrozooben-
thos.

We examined the main river biotopes: areas of rap-
ids with rocky deposits and pools with soft ground.
The thalweg is usually not pronounced on rapids in
rivers of Eastern Fennoscandia, so the specification of
stations into medial and ripal (Table 1) is performed
only for pools.

We took samples by a Surber quantitative frame
with a mesh size of 250 um and an area of 0.04 m? on
stony ground and by a DAK-250 dredger (of 0.25 m?in
area, two lifts per sample) on soft ground (Komu-
lainen et al., 1989). In a laboratory, all invertebrates
were removed from the sample under a binocular
microscope, counted, and weighed by species. The
species whose abundance reached 15% of the total
abundance at the station were assigned to dominants
by abundance and biomass.

Statistical calculations. The Spearman correlation
coefficient and the Kruskal—Wallis criterion were cal-
culated, and samples were tested for the distribution
normality (Shapiro—Wilk and Jarque—Bera tests) in
the PAST 4.09 program. Data on abundance and bio-
INLAND WATER BIOLOGY  Vol. 15
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Table 1. Characteristics of stations and the number of macrozoobenthos samples taken in rivers of the northern Lake Onega

basin in 2007—-2017

River . Amount Depth, | Current . Water . Distance
) Sampling date ’ > | discharge, | Biotope | Ground | from the
(station no.) of samples, n m m/s 3
m’/s lake, km
Eglamka July 23, 2009 3 0.2 0.30 0.2 Rapid | Bs, Pb -
Lizhma (2) August 6, 2007 4 0.3 0.50 5.0 Rapid | Bs, Pb 0.02
April 1, 2010 3
August 11, 2010 3
November 16, 2010 3
3) August 6, 2007 4 0.3 0.30 5.0 Rapid | Bs, Pb 0.3
April 1, 2010 3
August 11, 2010 3
November 16, 2010 3
4 August 6, 2007 4 0.3 0.40 5.0 Rapid |Bs, Pb 0.7
April 1, 2010 3
August 11, 2010 3
November 16, 2010 3
5) August 7, 2017 2 2.0 0.05 5.0 Medial |Sd, Md, Pr 0.1
(6) August 7, 2017 1 0.5 0.05 5.0 Ripal Md, Pr 0.1
(7) August 7, 2017 1 0.4 0.35 5.0 Rapid | Bs, Pb 0.1
®) August 7, 2017 2 2.0 0.30 5.0 Medial |Sd, Md 1.5
C)] August 7, 2017 2 2.5 0.10 5.0 Medial |Sd, Md 1.7
10) August 7, 2017 1 0.5 0.05 5.0 Ripal Md, Pr 1.7
(11) July 31, 2009 1 0.1 0.20 5.0 Rapid | BI, Bs, 1.0
Unitsa (12) August 3, 2010 6 0.2 0.50 0.2 Rapid |BI, Bs, Pb 0.1
(13) August 2, 2017 3 0.6 0.03 2.0 Medial |Pr 10.0
(14) August 10, 2010 3 0.2 0.30 2.0 Rapid | Bs, Pb 10.0
(15) August 10, 2010 3 0.3 0.30 4.0 Rapid | BI, Bs, 10.0
Chebinka (16) | August 2, 2017 3 0.6 0.02 0.3 Medial |Sd, Cl -
Muna (17) August 21, 2012 3 0.3 0.40 0.9 Rapid | BI, Bs, Pb —
Myagreka (18) | August 21, 2012 3 0.3 0.40 0.3 Rapid Bl, Bs, Pb 0.8
Kosmoreka (19) | August 21, 2012 3 0.3 0.50 1.0 Rapid BI, Bs, Pb 1.0
Yandoma (20) | August 9, 2010 3 0.3 0.50 0.7 Rapid |BI, Bs 3.5
Padma (21) August 9, 2010 3 0.2 0.30 0.1 Rapid Bl, Bs, Pb 1.7
Kumsa (22) August 3, 2010 3 0.3 0.30 0.6 Rapid Pb, Sd 4.0
(23) August 3, 2010 3 0.3 0.30 0.3 Rapid | Pb, Sd 1.7
(24) August 9, 2010 3 0.3 0.30 3.0 Rapid |Pb, Sd 6.0
(25) August 2, 2017 2 0.5 0.05 3.0 Ripal Sd, Md 6.2
(26) August 2, 2017 1 0.6 0.10 3.0 Medial |Pb, Sd 6.2

Station numbers correspond to those in Fig. 1; the medial and ripal in the column biofope are given for pools. Designations of ground:
Bl, large and medium boulders; Bs, small boulders; Pb, pebbles; Sd, sand; Md, Mud; Cl, clay; Pr, plant residues.

mass were given without standard error due to their
asymmetric pattern.

Diversity. The Shannon index (H) is calculated by
the formula H = —X p; In p;, where p, is the portion of
individuals of the ith species in the total number of
zoobenthos. The evenness of communities is calcu-
lated by the formula £E= H/H,,,, = H/In S, where S is

INLAND WATER BIOLOGY Vol.15 No.5 2022

the number of species in the community. The Simpson
index (D) is chosen as a measure of domination,
which is calculated by the formula D = X p;2, where p;
is the portion of individuals of the ith species of the
abundance (by the number) of zoobenthos.

Trophic structure. The method of functional
groups with respect to nutrition was used to analyze
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Table 2. Dominant species in the macrozoobenthos of rivers of the northern coast of Lake Onega in 2007—2017

Biotope

Dominant species

by abundance

by biomass

Rapid
Hydropsyche siltalai (15%), Baetis rhodani (14%),

(6%), Elmis aenea (6%)

Pool FEuglesa sp. (36%), Tanytarsus sp. (17%),

Procladius sp. (12%), Ephemera vulgata L. (12%),
Limnodrilus hoffmeisteri (6%)

Hydropsyche pellucidula (34%), Simulium sp. (18%),

Neureclipsis bimaculata (10%), Aphelocheirus aestivalis

Hydropsyche pellucidula (49%), Euglesa sp. (19%),
Aphelocheirus aestivalis (15%), Rhyacophila nubila
(15%), Hydropsyche siltalai (9%), Simulium sp. (6%),
Glossiphonia complanata (4%)

Fuglesa sp. (29%), Procladius sp. (17%),

Heterotrissocladius marcidus (17%), Polypedilum convic-| Heterotrissocladius marcidus (12%), Polypedilum
tum gr. sp. (12%), Stictochironomus crassiforceps (12%),

convictum gr. sp. (12%), Tanytarsus sp. (12%),
Ephemera vulgata (12%), Stictochironomus crassiforceps
(6%), Gomphus vulgatissimus (6%), Onychogomphus
Sforcipatus (6%), Anodonta cygnea (6%), Unio pictorum
(6%)

The percentage of stations where the species dominates is given in parentheses.

the trophic structure, because they reflect the features
of the composition and transformation of organic
matter in sections of rivers (Vannote et al., 1980; Min-
shall et al., 1985). The following groups were identi-
fied based on (Merritt et al., 1996; Cummins et al.,
2005): shredders, collectors—filterers, collectors—
gatherers, predators, and scrapers.

RESULTS

Species composition. The fauna is formed by at
least 110 taxa, and most of them are determined to the
species level. There are 90 taxa in the benthos of rapids
and 45 taxa in the benthos of pools. Data on the occur-
rence of species and taxa at the stations are given in
Table S1.

Communities of rapids are primarily formed by lar-
vae of caddis fly (25 species), mayflies (13 species),
stone fly (11 species), and gastropods (seven species).
The macrozoobenthos of pools was predominated by
chironomids (7), caddis fly (6), bivalves (4), mayflies
(4), and Simuliidae (4) with respect to the species
number. The occurrence >50% in samples of rapids
was detected for representatives of amphibiotic
insects: caddis fly Hydropsyche pellucidula (82.5%)
and Rhyacophila nubila (62.0%) and Simuliidae spp.
(62.5). A high occurrence in samples of bottom com-
munities of pools is typical only for protoaquatic
organisms: bivalve mollusks of the genus Euglesa
(64.7%) and Sphaerium corneum (29.4%).

Dominant species (Table 2). Chironomid larvae
(Procladius sp., Heterotrissocladius marcidus, Procla-
dius convictum gr., Stictochironomus crassiforceps, and
Tanytarsus sp) and bivalve mollusks (Euglesa sp.) form
the basis of bottom communities of pools. Larvae of
caddis fly (Hydropsyche pellucidula, H. siltalai, and
Neureclipsis bimaculata), Simuliidae (Simulium sp.),
and mayfly (Baetis rhodani) are numerous in commu-
nities of rapids.

Abundance of macrozoobenthos. The abundance
and biomass of macrozoobenthos varied widely from
station to station (Table 3). The median was always
lower than the arithmetic mean, which is a conse-
quence of the asymmetric distribution of the abun-
dance (Shitikov et al., 2013). The samplings statisti-
cally significantly differed from the normal distribu-
tion: the Shapiro—Wilk criterion for the total
population was 0.31 (p < 0.001) and the Jarque—Bera
test was 16680 (p < 0.001), while these criteria were
0.49 (p < 0.001) and 3460 (p < 0.001), respectively, for
the total biomass.

The comparison of means and medians of the
abundance and biomass of macrozoobenthos enables
us to conclude that its abundance in rivers of the
northern coast of Lake Onega is quite high and
exceeds that in other rivers of Eastern Fennoscandia
2—3 times.

The abundance of macrozoobenthos of rapids was
significantly higher than that of pools, both in number
and in biomass (Table 3). Quantitative parameters of
macrozoobenthos depended on the distance from the
above-stream lake. For abundance, the Spearman
correlation coefficient r, = —0.522 (df = 95, p < 0.001)

and the Kruskal—Wallis criterion H (chi?) = 26.17 (p <
0.001). For biomass, r, = —0.701 (df = 95, p < 0.001)

and H (chi?) = 47.69 (p < 0.001). The abundance and
biomass at different distances from the lake are shown
in Fig. 2. The dependence may be described by a
power function. The approximation accuracy (R?) is
significantly higher for biomass than for abundance,
similarly to the Spearman correlation coefficient.

The biomass basis in communities of rapids is
formed by larvae of caddis fly, and the abundance is
mainly formed by hydroids, caddis fly, and Simulii-
dae. Chironomid larvae and bivalve mollusks predom-
inate in pool communities (Table 4).
INLAND WATER BIOLOGY Vol 15
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Table 3. Abundance and biomass of macrozoobenthos in rivers on the northern coast of Lake Onega in 2007—2017

Northern coast of Lake Onega Eastern Fennoscandia*
abundance, ind./m? biomass, g/m? abundance, ind./m? biomass, g/m?
Pool
3185 12.3 3100 6.6
———= (2200 —==_ (5.8 220 5.0
32012280 ( ) 1.8-59.3 .8) - (1000) - 24
Rapid
10477 52.4 5100 17.3
— (4287 ———— (17.8) 2222 (2800 2 (5.1
625205700 (27 0.8732.6 — (2800) — G

Mean is above the line, min—max is under the line, and median is in parentheses; a dash means data is absent.

* According to (Baryshev, 2019).

Large bivalve mollusks of the family Unionidae
(Anodonta cygnea and Unio pictorum) are revealed in
the benthos of four samples taken at three stations (5,
6, and 8) with the occurrence of 4.1% for all samples
and 23.5% for samples of the macrozoobenthos in
pools. As a result of a large size of individuals, the bio-
mass of these hydrobionts is many times higher than
that of other benthic species. The abundance is maximal
(120 ind./m?) at station 8, and the biomass is 3600 g/m?>.

Trophic structure. The parameters of the trophic
structure of macrozoobenthos were calculated by us
for three groups of stations: rapids outside the effect of
the lake, rapids in the affected zone of the lake (500 m
and smaller), and pools (Table 5).

The differences in the trophic structure of macro-
zoobenthos of the specified biotopes are significant:

Abundance, ind./m?
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y =4230.8x0-33
R?=10.2448
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T
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predators predominate with respect to the role in the
total biomass of macrozoobenthos on rapids outside
the effect of lakes (the portion of collectors—filterers is
also high); collectors—filterers are the dominants in
the affected zone of lakes in the communities of rap-
ids, and they form the basis of the biomass of pools.

In rivers of the northern coast of Lake Onega,
shredders are represented by caddis fly Potamophylax
latipennis, Stenophylax sp., and Ceraclea nigronervosa
and stone fly Leuctra fusca and L. digitata. Collec-
tors—filterers are predominated by passive filterers:
caddis fly Hydropsyche pellucidula, H. siltalai, Arcto-
psyche ladogensis, Ceratopsyche newae, C. silfvenii, and
Neureclipsis bimaculata and Simuliidae Wilhelmia
equina, Odagmia ornata, and Simulium morsitans.
Active filterers are represented by small bivalve mol-
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Fig. 2. Abundance (a) and biomass (b) of macrozoobenthos at stations at different distances from the upstream lake in rivers of
the northern coast of Lake Onega, 2007—2017. The scales are logarithmic.
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Table 4. Abundance of large taxa in macrozoobenthos of rivers on the northern coast of Lake Onega in 2007—2017

Rapid Pool
Taxon
abundance, ind./m? biomass, g/m? abundance, ind./m? biomass, g/m?
Hydrozoa 3674 0.37 0 0.00
Nematoda 7 0.00 12 0.02
Oligochaeta 59 0.34 262 0.80
Hirudinea 46 0.62 14 0.05
Bivalvia 241 3.29 145 4.98
Gastropoda 54 0.33 22 0.07
Crustacea 21 0.04 0.00
Hydrachnidiae 12 0.00 2 0.01
Ephemeroptera 807 1.31 54 0.29
Plecoptera 231 0.92 47 0.09
Trichoptera 3244 41.74 73 0.14
Megaloptera 1 0.00 11 0.32
Coleoptera 114 0.10 16 0.08
Simuliidae 1211 1.61 249 0.31
Chironomidae 657 0.30 1941 2.19
Ceratopogonidae 8 0.01 0 0.00
Other Diptera 34 0.20 276 0.03
Odonata 5 0.25 15 1.79
Hemiptera 53 0.99 42 1.08
Total 10477 52.44 3186 12.25

The data are given without account for bivalve mollusks of the family Unionidae. Mean parameters for stations are given.

lusks of the family Sphaeriidae (Sphaerium corneum)
and by species of the genus Euglesa. Some parts of
pools are inhabited by large bivalve mollusks of the
family Unionidae: Anodonta cygnea and Unio picto-

Table 5. Trophic structure of macrozoobenthos in rivers on
the northern coast of Lake Onega in summer of 2007—2017

Pools
Trophic group outside the | in the zone | Pools
lake effect of lake effect
Shredders 74 23.5 0.3
10 15 4
Collectors—filterers 30.9 43.2 322
13 12 6
Collectors—gathers 24.7 133 48.6
20 25 9
Scrapers 4.1 25 0.4
5 7 7
Predators 329 17.5 18.4
11 10 5

The portion (%) in the total biomass of trophic groups is above
the line, and the number of species in the group is under the line.

rum. Collectors—gatherers are represented by mayfly
Baetis rhodani, B. fuscatus, B. vernus, Nigrobaetis digi-
tatus, N. niger, Paraleptophlebia submarginata, etc.
This group also includes beetles Elmis aenea and Lim-
nius volckmari; oligochaetes Limnodrilus hoffimeisteri,
Lumbriculus variegatus, and Spirosperma ferox; and
most species of chironomids. Scrapers are represented
by mayfly Heptagenia sulphurea, Serratella ignita, and
Ephemerella mucronata, as well as by gastropoda
Ampullaceana balthica, Ancylus fluviatilis, Planorbis
corneus, Viviparus viviparous, etc. Predators include
bugs Aphelocheirus aestivalis; caddis flies Rhyacophila
nubila and Rh. fasciata; dragonflies Onychogomphus
Jforcipatus, Gomphus vulgatissimus, and Cordulegaster
boltonii; hirudineans Erpobdella octoculata, Glossipho-
nia complanata, and Helobdella stagnalis; Megaloptera
Sialis fuliginosa, S. lutaria, and S. sordida; and Diptera
Procladius sp. and Hexatoma sp.

Biological diversity. Parameters of biological diver-
sity are calculated for three groups of stations: rapids
beyond the effect of the lake, rapids in the affected zone
of the lake (500 m or smaller), and pools (Table 6).

The diversity is the highest for bottom communi-
ties of rapids outside the effect of upstream lakes and
lowest for the macrozoobenthos of pools.

INLAND WATER BIOLOGY Vol 15
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Table 6. Assessment of the biological diversity of bottom communities in rivers of the northern coast of Lake Onega in

2007—2017 in the summer period

Rapids
Parameter Pools
outside the lake effect in the zone of lake effect
Species number per sample 14.7 £0.75 13.7 £ 0.62 6.6 £0.97
Shannon index 1.96 £ 0.079 1.64 +0.088 1.34 £ 0.138
Simpson index 0.23 £0.026 0.32 £0.032 0.41 £0.065
Leveling 0.74 £0.024 0.64 £ 0.029 0.71 £0.055

Means are given with the standard error.

Table 7. Quantitative parameters of macrozoobenthos during the growing season of 2010 in the Lizhma River in the affected
zone of Lake Kedrozero (stations 2, 3, 4)

Parameter Spring Summer Autumn
Species number in sample 14.0 £ 1.23 12.8 £ 0.92 15.8 £ 0.74
Abundance, ind./m? @ 8705 %
8925 4225 8875
Biomass, g/m? 126 124 92
54.8 26.4 56.2
Shannon index 1.81 £ 0.129 1.76 £ 1.171 1.87 £ 0.197
Leveling 0.69 £+ 0.030 0.69 £ 0.058 0.68 £ 0.068
Simpson index 0.25 £ 0.031 0.29 + 0.057 0.26 = 0.070

Mean is above the line and median is under the line.

Seasonal dynamics. The species richness and abun-
dance of macrozoobenthos changes over a year: the
quantitative parameters become smaller in summer
(Table 7).

The river macrozoobenthos at the lake outlet is
characterized by an extremely high abundance (num-
ber and biomass) throughout the year. The trophic
structure of bottom communities also undergoes sea-
sonal changes. The portion of predators increases and
that of gatherers and scrapers decreases in summer
(Table 8). The high portion of filterers in the trophic
structure indicates a significant effect of the lake,
which is seen not only in summer, but also in other
seasons.

DISCUSSION

The species composition of the macrozoobenthos
in rivers of the northern coast of Lake Onega com-
pletely corresponds to the fauna of invertebrates in
watercourses of Fennoscandia (Baryshev, 2017). In
comparison with streams of other regions, species
diversity is low. For example, 123 species were identi-
fied when processing only 23 benthic samples from the
upper reaches of the Khoper River (Penza oblast)
(Silina, 2017). The fauna of the rheophilic freshwater
macrozoobenthos of the Caucasus is about 1700 spe-
cies (Palatov, 2018). In rivers of eastern Sakhalin, 164
species were found (Zhivoglyadova et al., 2012). The

INLAND WATER BIOLOGY Vol.15 No.5 2022

Table 8. Trophic structure of macrozoobenthos in the grow-
ing season by the example of the Lizhma River in 2010

Trophic group Spring Summer | Autumn

Shredders 3.0 26 L3
8 6 5

Collectors—filterers 60.4 38.5 61.8
5 7 6

Collectors—gatherers 7.1 4.7 9.0
11 8 10

Scrapers 10.5 2.8 8.7
4 3 4

Predators 18.9 31.3 19.2
5 4 5

The portion of biomass (%) of trophic groups of invertebrates is
above the line, and the number of species is under the line. The
data are given without account for bivalve mollusks of the family
Unionidae.

poor macrozoobenthos fauna in rivers of the northern
coast of Lake Onega is related to rather severe climate
of the Republic of Karelia and the high color and low
mineralization of waters (Lozovik et al., 2005;
Tekanova et al., 2019).

Macrozoobenthos of rapid rivers is characterized
by a significant variation in abundance in some sec-
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tions, which is related to the mosaic pattern of bio-
topes and sharp changes in hydrological conditions
and ground of riverbed (Tiunova, 2006; Zhivoglya-
dovaetal., 2012; Bogatov and Fedorovskii, 2017; Kha-
menkova and Teslenko, 2021). The abundance in the
rivers examined by us also varied ten times (Table 3).
However, the mean and median values of the number
and biomass obtained in this work for macrozooben-
thos of rapids and pools (Table 3, Fig. 2) are rather
high for rivers of Eastern Fennoscandia.

It is revealed that the composition of the dominant
species, the abundance of macrozoobenthos, and the
trophic structure of communities in rivers of the
northern coast of Lake Onega are greatly affected by
numerous open lakes. A similar dependence is pointed
out in (Malmgqvist and Eriksson, 2006; Turner et al.,
2016). The esker landscape is characterized by a fre-
quent alternation of lake and river fragments of the
hydrographic network; thus, a large number of river
habitats are located in the zones of limnic effect. This
is probably the main reason for the high abundance of
the river macrozoobenthos in the studied area in gen-
eral as compared to other areas of Fennoscandia.
Open lakes also favor a high portion of collectors—fil-
terers (consuming limnic seston) in the zone of their
impact (Tables 5, 8). It is known that the abundance of
macrozoobenthos in the zones where limnic seston
enters the river is often increased several times due to
collectors—filterers (Valett and Stanford, 2011; Bary-
shev, 2017). However, in areas beyond the effect of
lakes, the relative abundance of collectors—filterers in
macrozoobenthos is similar to that in rivers of Fen-
noscandia and other regions (Tiunova, 2006; Bary-
shev, 2020). Open lakes exert a negative impact on the
parameters of biological diversity (Table 6): they are
the highest in communities of rapids at a distance from
lakes.

The regularities of seasonal dynamics of macrozo-
obenthos revealed for the region are seen in rivers of
esker landscapes of the northern coast of Lake Onega
over a year: a decrease in species richness and abun-
dance in summer due to intensive emergence of
amphibiotic insects (Baryshev and Veselov, 2007).
Similar regularities are detected for rivers in other
regions (Zhivoglyadova et al., 2012; Khamenkova and
Teslenko, 2021). The high percentage of lakes in the
river network of the studied area results in a stable
water regime: moderate floods and a sufficient water
amount during low water. This lowers the number and
intensity of catastrophic phenomena (such as drying
out and sharp fluctuations in the water level, which
cause the destruction of bottom communities (Bary-
shev and Veselov, 2007)).

The structure of river bottom communities of the
northern coast of Lake Onega is formed under the
effect of local and regional factors. Local ones include
the esker landscape with a lot of open lakes. The poor
fauna of invertebrates in rivers of Eastern Fennoscan-
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dia is a regional factor which determines the species
composition of bottom communities of the studied
watercourses. There are also general regularities of
spatial dynamics of the structure of rheophilic com-
munities in rivers of the northern coast of Lake Onega,
the reaction of macrozoobenthos to the input of lake
seston in particular.

CONCLUSIONS

The species composition of macrozoobenthos in
rivers on the northern coast of Lake Onega is relatively
poor despite the dissected topography of the area, var-
ious biotopes, relatively favorable climatic conditions,
and sufficiently high (for Karelian rivers) water miner-
alization. The fauna of macrozoobenthos of rivers of
this area is primarily determined by the poor species
composition of the benthic invertebrates of Eastern
Fennoscandia and not by features of the landscape.
Macrozoobenthos communities of rivers in this area
are characterized by a relatively high biomass and a
significant portion of collectors—filterers, which is
related to the effect of many open lakes.
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