
ЗООЛОГИЧЕСКИЙ ЖУРНАЛ, 2020, том 99, № 12, с. 1363–1374

1363

IMPACT OF ZEBRA MUSSEL DREISSENA POLYMORPHA PALLAS 1771 
(BIVALVIA) APPEARANCE ON FISH POPULATIONS

IN LAKE PLESHCHEEVO, EUROPEAN RUSSIA
© 2020    A. K. Smirnova, *, D. D. Pavlova, **,
Yu. V. Kodukhovaa, ***, D. P. Karabanova, ****

aPapanin Institute for the Biology of Inland Waters, Russian Academy of Sciences,
Borok, Yaroslavl Region, 152742 Russia

*e-mail: smirnov@ibiw.ru
** e-mail: tukki@bk.ru

***e-mail: jukod@ibiw.ru
****e-mail: dk@ibiw.ru

Received April 25, 2020
Revised April 27, 2020

Accepted April 30, 2020

The study analyzes structural changes in the ichthyofauna of Lake Pleshcheevo following the introduction of
Dreissena polymorpha (Pallas 1771) (Bivalvia). Trends in the functioning of the community were evaluated
based on a comparison of the literature (prior to the introduction) and our observations (after the formation
of a sustainable zebra mussel biocenosis). All fish species remained in the lake, but catches changed signifi-
cantly. Gillnets set in the littoral and sublittoral zones during the feeding period consist mainly of large roach
and perch while vendace were prevalent in the pelagic zone. The abundance of benthophagous fishes in-
creased slightly due to the presence of the zebra mussel which made up a significant part of the diet followed
by an increase (p < 0.05) in the growth rates of roach and silver bream. The growth rates of the bream, which
prefers soft zoobenthos, decreased. In addition, the formation of a stable biocenosis of zebra mussel in the
lake probably caused changes in the spatial structure of the fish community. What is notable is the disappear-
ance of small roach from pelagic assemblages, probably due to alterations in the trophic links of the littoral
and sublittoral zones, as well as the expected increase in food competition among pelagic fish species.
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Aquatic ecosystems of Central Russia have been
subject to anthropogenic pressure following the cre-
ation of recreational sites and major infrastructure
projects during the 20th century. The relevance of the
study of such ecosystems is enshrined in Agenda 21 of
the Rio-de-Janeiro United Nations Declaration on
Environment and Development (UNDED, 2012),
where Chapter 15 “Conservation of biological diversi-
ty” and Chapter 18 “Protection of the quality and sup-
ply of freshwater resources…” are highlighted sepa-
rately. It also takes account of an inventory and con-
servation of local and relict forms when assessing the
biological diversity of aquatic ecosystems. One such
water body is Lake Pleshcheevo, located in the south-
west of the Yaroslavl region, Russia. The relict popu-
lation of the European vendace, Coregonus albula
(Linnaeus 1758) inhabiting this lake, is included in the
Red Book of the Russian Federation (Reshetnikov,
2010). The Lake Pleshcheevo National Park was
founded in 1988 in order to protect this relict popula-

tion and the overall ecosystem of the lake and sur-
rounding area. Environmental protection and moni-
toring carried out over a forty-year period has enabled
the evaluation of changes that have taken place.

The introduction of alien organisms into new hab-
itats can entail both predictable as well as some un-
known impacts (Nalepa, Schloesser, 2013; Jernelöv,
2017; Dgebuadze et al., 2018). Increases in the popu-
lations of dreissenids, firstly Dreissena polymorpha
(Pallas 1771) (Mollusca, Bivalvia), took place in the
1960s and 70s in many reservoirs of the Upper Volga
resulting in impacts on aquatic ecosystems. There
have been changes in water quality, habitats for many
species of invertebrates and fish. These changes have
influenced the state of fish populations and changes in
trophic links in ecosystems (Nalepa, Schloesser, 2013;
Lazareva, 2018).

Zebra mussel has appeared in Lake Pleshcheevo
later, in the 1980s, having successfully occupied a
niche on the bottom ecosystem (Shcherbina, 2008)
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over several years. D. polymorpha maintained a high
level of abundance and druses and shells accumulated
to form extensive deposits at depths of 4.5–12 m. The
increased levels of filtration contributed to changes in
the trophic structure of the lake (Shcherbina, 2009;
Lazareva, 2018).

Several changes to the ecosystem of Lake Plesh-
cheevo followed the introduction of the zebra mussel
(Stolbunova, 2006; Zhdanova, 2018; Zhdanova et al.,
2019; Pryanichnikova, Tsvetkov, 2018; Pryanichniko-
va, 2019). However, only two fish species have been
studied, the roach (Kasyanov, Izyumov, 1995;
Shcherbina, 2008; Stolbunov, 2008; Kodukhova,
Karabanov, 2017) and the vendace (Borovikova, 2017;
Borovikova, Artamonova, 2018). Changes that have
taken place in the Rybinsk Reservoir have shown that
the zebra mussel can cause rearrangement of the tro-
phic links and the spatial distribution of fishes (Gera-
simov, 2015). This study examines structural changes
in the ichthyofauna of Lake Pleshcheevo, following
the introduction of the zebra mussel.

MATERIALS AND METHODS
Lake Pleshcheevo (56° N, 38° E) is located in Cen-

tral Russia and is an oval water body of glacial origin.
The coastline is 27 km, area – 51.5 km2. The littoral
zone with depths of up to 3 m makes up about 20% of
the lake area. The greatest depths (max 24 m) are not-
ed in the northwestern part of the lake. There is an ur-
ban agglomeration – the City of Pereslavl-Zalessky on
the south coast. The lake belongs to the Upper Volga
basin and intercommunicates with it through the only
outflowing river Veksa (Fig. 1). A dump dam was built
on the river 5 km from its source to regulate the f lood
level, which provides significant isolation of the lake
from the Volga basin. A layer of dead shells of mollusks
is present from 2 m depth and deeper, reaching the
highest density in the sublittoral zone at 4–12 m. With
an increase in depth of more than 14 m, the gravita-
tional displacement of finely dispersed fractions leads
to the formation of a thick surface layer of olive and
black (at depths of more than 18 m) silts that impede
the life of the zebra mussel. According to the hydro-
chemical composition of the water, the lake is a fresh-
water medium-saline water body. Electrical conduc-
tivity of water during the study period varied within
rather narrow boundaries – from 275 to 300 μS/cm.
Secchi disk depth is quite high, ranging from 2 to 6 m,
depending on the season of observations. Sunlight
penetrates to a depth of 6 m with a noticeable decrease
in illumination to 50–100 lux at a horizon of 13–15 m.
The boundary of the lower limit of photosynthesis
(0.1% of incoming radiation) is currently located at
depths of 13–16 m. In general, Plescheevo Lake can be
described as a water body with high water quality, and
due to the poor development of coastline geomor-
phology (the absence of large bays, swampy flood-
plains, large tributaries), the entire littoral of the lake

provides fairly equal conditions for the habitat of vari-
ous fish species.

The lake is a typical dimictic water body with water
homothermia in spring and autumn, and pronounced
temperature stratification of the water column in sum-
mer and winter (Butorin, Sklyarenko, 1989). In the
period of spring fishing (early May), the temperature
of the surface water layer (0–2 m) was 7–10°С, briefly
warming up to 17°С in the daytime. At this time of the
year heat transfer to the bottom layers of the water oc-
curs only due to diffusion and wind mixing, therefore
at depths of over 6 m the temperature remained at 4°С.
Further warming up (early June) led to the formation
of a clearly identifiable thermocline in the lake at 6–
8 m horizons. Surface water temperature could reach
>20°С, being 10°С in the metalimnion and close to
5°С in the hypolimnion. In the autumn period of fish-
ing (mid-September–October), the destruction of
thermocline structures was observed and, as a result,
the entire water column was cooled to 10°C.

Provision with oxygen, one of the key factors for
the life of hydrobionts, has changed in close connec-
tion with temperature. Over the entire observation pe-
riod, there was no significant deficit at all coastal sta-
tions. In spring (May), the concentration of oxygen
dissolved in water in the littoral of the lake was 11–
14 mg/L. Summer heating of lake’s water led to the
appearance of pronounced oxycline, however the dis-
solved oxygen content was 5–6 mg/L even at 12–18 m
depths. A critical level of oxygen deficiency (about
1 mg/L) was noted only in the summer period for deep
(more than 18 m) zones of the central part of the lake.
With autumn (mid-September–October) destruction
of the thermocline, the oxycline also disappeared, and
the dissolved oxygen concentration was the same (12–
13 mg/L) throughout the entire water column.

Fish were sampled in the field seasons 2014–16
from April to October. The total exposure of gill nets
was 760 h. The main fishing gears were set gill nets:
mesh 45 mm, size 2 × 70 m – 1 pc.; mesh 55 mm, size
1.8 × 35 m – 1 pc.; fragmented mesh net 10–50 mm
(×10) size 1.8 × 30 m – 14 pcs.; fragmented mesh net
10–50 mm (×10) size 0.9 × 30 m – 3 pcs. Fishing was
carried out in three areas (Fig. 1): in the area of the vil-
lage of Solomidino (1), near Urev settlement (2) and
near the mouth of the river Kukhmarka (3). The first
two biotopes are a typical littoral with a smooth lower-
ing of the bottom, and the last is the estuary site. The
nets were set on isobaths every 2 m, starting from 1 m
depth and down to 12 m. Pelagic 6 × 30 m nets with
10–24 mm mesh set in the surface and bottom layers
of water (Fig. 1, stations 4, 5, 6) were used in the open
part of the lake with depths of over 18 m. Young fish
(predominantly 0+) were caught in the coastal area
using a fry drag (length 9 m, height 1.5 m, mesh in the
wings and patch 4 mm), fry seine (length 24 m, mesh
in the wings 12 mm, mesh in the patch 9 mm) and an
ichthyological lift (size 1.5 × 1.5 m, mesh 3 mm) and an
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Fig. 1. The geographical position of Lake Pleshcheevo in the Upper Volga basin and the location of sites where gill nets were set
in the littoral and sublittoral zones – 1, 2, 3, as well as its pelagic zone – 4, 5, 6.
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ichthyological net 0.4 m in diameter with a mesh of 2
mm.

The entire catch was processed according to the
standard method (Pravdin, 1966) with species identi-
fication and determination of the main biological
characteristics of fish. Morphological analysis was
performed utilizing quantitative (meristic), plastic and
alternative nonmetric (pharyngeal teeth formula) fea-
tures. The patterns of individual fish growth were in-
vestigated using various registering structures –
cleithrum, operculum and scales. Linear growth was
analyzed according to direct individual determination
of fish body length and age using the generally accept-
ed methods (Chugunova, 1963). The work involved
extensive archival material of the laboratory of fish
ecology of the IBIW RAS on the size-age series and
morphological data of the osteological collection of
the IBIW RAS. In total, to study the size and age char-
acteristics of cyprinid fish populations, the following
were analyzed: 375 individuals of roach from Lake
Pleshcheevo from 1979–1981, 513 from 2014–2016
and 491 from the Rybinsk reservoir from 2010–2015;
188 individuals of silver bream from the Lake Plesh-
cheevo from 1979–1981, 399 from 2014–2016 and 474
from the Rybinsk reservoir from 2010–2015; 212
bream individuals from Lake Pleshcheevo 1979–1981,
479 for 2014–1916 and 511 from the Rybinsk reservoir
from 2010–2015.

The significance of differences in growth dynamics
was assessed using the non-parametric chi-square test
(Ivanter, Korosov, 2003). Statistical processing of the
material was carried using Statistica v.6.1 software
package (StatSoft, Inc., USA).

RESULTS
The fish species composition in Lake Pleshcheevo

has not changed much over the past 40 years. During
the period of studies, we found 13 native fish species.
Cyprinids (Cyprinidae) were the most represented
group in the fish community of the lake: roach Rutilus
rutilus (Linnaeus 1758), bleak Alburnus alburnus (Lin-
naeus 1758), bream Abramis brama (Linnaeus 1758),
silver bream Blicca bjoerkna (Linnaeus 1758), ide Leu-
ciscus idus (Linnaeus 1758), tench Tinca tinca (Lin-
naeus 1758) crucian carp Carassius carassius (Linnae-
us 1758) and gibel carp Carassius auratus complex. In
addition, gill net catches also contained representa-
tives of coregonids (Coregonidae) – European ven-
dace Coregonus albula (Linnaeus 1758); gadids (Gadi-
dae) – burbot Lota lota (Linnaeus 1758); esocids (Esoci-
dae) – European pike Esox lucius Linnaeus 1758;
percids (Percidae) – Eurasian perch Perca fluviatilis
Linnaeus 1758 and common ruffe Gymnocephalus cer-
nuus (Linnaeus 1758); cobitids (Cobitidae) – spined
loach Cobitis taenia Linnaeus 1758. An invasive spe-
cies, Amur sleeper Perccottus glenii (Dybowski 1877)
(fam. Odontobutidae) was found in coastal water bod-
ies (ponds in the city of Pereslavl-Zalessky).

Littoral zone (depths 0–6 m). In catches carried out
by the fry drag, ichthyological lift and ichthyological
net in the coast of the lake, yearlings of roach (50–
60%) and perch (28–32%) prevailed, while the pro-
portion of bleak was relatively small (7–10%). Juvenile
bream (0.2–5%), ide (1–3%), and silver bream (~1%)
can be distinguished among other species. Single year-
lings of the remaining species (Carassius sp., T. tinca,
C. taenia, L. lota and E. lucius) were caught.

Fragmented gill nets set at depths from 1 to 6 m,
performed in 2014–2016 revealed dominance in the
catches of the coast of different-sized individuals of
roach and perch (Fig. 2). During the whole feeding
season, these two species together accounted for about
80% of the number of fish caught, with a certain pre-
dominance of roach (64–71%). Bream, silver bream
and bleak individuals were caught significantly less
frequently (from 3 to 11% depending on the season)
(Fig. 2). As a rule, small-sized pike (SL ≤ 500 mm),
ruffe and ide were present in small amounts (not more
than 5%) in catches of the coastal zone, and even less
often, tench and burbot.

Sublittoral transitional zone (depth 6–12 m). Large
individuals of roach and perch prevailed (up to 90% of
the catch) in the catches of bottom gill nets at the be-
ginning of the feeding period (Fig. 2a). The propor-
tion of small specimens was relatively low – 1 and 5%,
respectively. The number of caught bream and silver
bream was also small and rarely exceeded 5%. During
autumn, the dominance of roach and perch generally
remained (~60%), however, the proportion of small
individuals among them increased significantly (Fig. 2b).
At the end of the feeding season, bream and silver
bream were caught in the sublittoral in substantially
large quantities (17 and 25%, respectively). Other fish
were virtually absent in net catches in this area of the
lake.

Pelagic zone. The set pelagic nets revealed domi-
nance of vendace (up to 70% of the number of fish
caught) in the pelagic zone. The occurrence of other
species in the water column was significantly lower
(Fig. 2). So, the second largest number in the catches
was taken by small individuals of perch (about 20%),
bleak was recorded even less frequently (up to 10%).
In addition, there were few (≤5%) individuals of silver
bream, ruffe, large perch, small bream and pike in the
pelagic zone. The virtually complete absence of roach
in the pelagic zone is noteworthy.

The appearance and successful acclimatization of
zebra mussel in Lake Pleshcheevo caused certain
changes in the population characteristics of individual
fish species. The inclusion of the mollusk into the diet
of roach has significantly (p <0.05) improved the lin-
ear-age indices of individuals (Fig. 3a). The growth
rate of the silver bream, also actively consuming mol-
lusks, significantly increased (p < 0.05) in a similar
way (Fig. 3b). At the same time, we noted a deteriora-
tion (p < 0.05) in linear-age indices of another bentho-
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phage species – bream, which occurred after the in-
troduction of D. polymorpha (Fig. 3c).

DISCUSSION

The fish species composition in Lake Pleshcheevo
has not changed much over the past 40 years according
to our own and literature data (Malinin, Linnik, 1983;
Butorin, Sklyarenko, 1989). Of the typical species not-
ed earlier (Strelnikov, Permitin, 1983), we did not
meet only the sunbleak Leucaspius delineatus (Heckel
1843) and the gudgeon Gobio gobio (Linnaeus 1758),

which may be explained by the limited material from
small rivers – tributaries of the lake. In addition, no
invasive fish species were found in the lake, most likely
due to its isolation from the Volga’s basin. The Amur
sleeper found in coastal ponds, was not found in the lake
itself, probably due to its increased vulnerability to
large piscivorous predators, pike in particular (Smirn-
ov et al., 2019).

Littoral zone (depths 0–6 m). Fry of various fish
species actively utilize shallow parts of lakes usually
overgrown with aquatic vegetation as natural refugia
and feeding sites (Eklov, 1997; Smokorowski, Pratt,

Fig. 2. The species composition of gill net catches in different ecological zones of Lake Pleshcheevo at different periods of feeding:
a – May–June, b – September–October.
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Fig. 3. The growth rate of some cyprinid species (a – roach, b – silver bream, c – bream) in Lake Plescheyevo before (- - -) and
after (—) the introduction of zebra mussel; data from the Rybinsk Reservoir (…) for 2010–2015 are presented for comparison.
Mean values ± 95% confidence interval are presented.
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2007; Gerasimov, 2015). At the same time, adult indi-
viduals of some peaceful and predatory fish occur here
on a permanent basis or temporarily (horizontal feed-
ing migrations). Juveniles of bleak (on average 50–
80%), perch (up to 46%) and roach (30–50%) consti-
tuted the major part of minnow seine catches in the
early 80s in the Lake Pleshcheevo littoral. Juveniles of
bream and silver bream (less than 10%), ruffe (less
than 1%), pike (less than 1%) and some other species
were recorded in much smaller quantities (Malinin,
Linnik, 1983; Butorin, Sklyarenko, 1989). Comparing
these and own data we can note that at present the pro-
portion of bleak individuals of the younger age classes
(0+) has decreased by more than 5 times. At the same
time, in littoral catches the share of roach fingerlings
has increased slightly and is currently more than 50%.
It is worth noting that for all three years of observa-
tions, when analyzing more than five thousand imma-
ture fish, only one hybrid individual was found. In this
respect, Lake Pleshcheevo differs markedly from the
Rybinsk reservoir, where in low-level years, supple-
mented by unfavorable temperature conditions, up to
1.5% of hybrids may appear among young carp fish
(Kodukhova, 2011). Apparently, we can point out the
greater level regime stability of Lake Pleshcheevo in
comparison with the reservoirs of the Volga river as a
factor determining such differences.

Before analyzing the species composition of net
catches, it should be noted that roach and perch are
represented in the lake by two ecological groups, noted
as far back as the 1970s and 1980s and preserved to the
present (Malinin, Linnik, 1983; Shcherbina, 2008;
Kodukhova, Karabanov, 2017). One of these groups,
more numerous, is formed by individuals of a younger
age and smaller size, previously included in vast pelag-
ic aggregations and mainly feeding on zooplankton.
The other is represented by individuals of different ag-
es, constantly living in the littoral and sublittoral zones
of the lake and consuming benthic and epibenthic or-
ganisms, as well as juvenile fish (large perch). Given
this fact, as well as for a more complete analysis of the
obtained material, we divided the totality of all caught
specimens of roach and perch into two size groups. In-
dividuals with a body length of less than 150 mm (ex-
cept for the age class 0+) were assigned to “small”
fish, the rest were included in the group of “large”
ones. Previously, such a division was used by some re-
searchers to isolate intraspecific forms of roach from
various water bodies (Kasyanov et al., 1981; Kodukho-
va, Karabanov, 2017).

Bleak, large roach and large perch constituted the
base of gill net and seine catches in the littoral zone of
the lake in the early 1980s (Malinin, Linnik, 1983; Bu-
torin, Sklyarenko, 1989). Silver bream, ruffe, small-
sized individuals of bream, as well as small and medi-
um pike (mainly in overgrown coastal areas) were
found here in lesser numbers. Roach and perch of dif-
ferent sizes are currently dominant in catches in the
littoral (Fig. 2). Bleak that has been abundant in the

past has become noticeably less frequent (3–6%)
in the gill net catches. At the same time, ide is more
often seen in the catches nowadays. When comparing
literature and modern data, it becomes evident that
changes in the lake’s ecosystem over the past decades
have mainly affected the ratio of the number of species
in littoral aggregations, with their species composition
remaining unchanged.

Sublittoral transitional zone (depths 6–12 m). Areas
of relatively sharp changes in depths – slopes, are con-
sidered one of the most productive zones of lakes and
reservoirs (Smokorowski, Pratt 2007). These areas
typically serve as the main biotopes for benthophagous
fish (Gerasimov, 2015). This ecological group ac-
counted for no more than 14% of the total fish biomass
in Lake Plescheevo according to studies of the late
1970s and early 1980s (Malinin, Linnik, 1983; Bu-
torin, Sklyarenko, 1989). At the same time, the species
ratio was quite even and was determined by approxi-
mately equal shares of bream, ruffe, roach and silver
bream. With the exception of large roach, which was
more common in the littoral zone during the feeding
season, mature individuals of all the aforementioned
species were distributed in a relatively narrow strip of
depths from 5 to 12 m along the entire perimeter of the
lake, usually not forming dense aggregations. Large
specimens of perch and pike stayed in this zone as well.
It is noteworthy that the most numerous pelagic ag-
gregations of bleak, roach and perch were also con-
fined to the water column above the sublittoral transi-
tion zone (depths 5–16 m). The data presented above
demonstrate significant differences in the catches of
fish in the sublittoral zone that occurred after the in-
troduction of zebra mussel into the lake (Fig. 2). Thus,
the proportion of large individuals of roach as well as
the number of caught silver bream (especially at the
beginning of the feeding season) has currently in-
creased.

Pelagic zone. A significant predominance of pelag-
ic complex fish was observed in Lake Plescheevo at the
beginning of the 80s. This complex mainly consisted
of bleak, small individuals of roach, perch and vendace
(Malinin, Linnik, 1983; Butorin, Sklyarenko, 1989).
Inhabiting the pelagic zone, these species formed ag-
gregations with pronounced spatial disunity, which
was most pronounced during the lake’s summer strat-
ification. The schools of bleak, occupying the upper
layers of the epilimnion (0–5 m from the surface),
were found in virtually the entire area of the lake with
an average density 0.25 ind./m2. Small individuals of
roach and perch inhabited the middle layer of the
epilimnion (5–8 m from the surface), mainly concen-
trating above 5–13 m isobaths. Vendace shoals were
more often recorded in the central part of the lake
(about 30% of the area) closer to the border with met-
alimnion (8–12 m from the surface) with an average
density of 0.02 ind./m2. Ruffe, silver bream and pred-
ators (pike, burbot, large perch) were caught in the
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open part of the lake in small numbers in addition to
the noted species. To date, the pelagic part of lake’s
fish community has apparently undergone significant
changes (Fig. 2). First of all, attention is drawn to the
fact of overwhelming dominance of vendace in the
catches. As in the past individuals of this species often
occupy the lower layers of the epilimnion in the Cen-
tral part of the lake during the period of intensive feed-
ing, that is determined by a combination of abiotic and
biotic factors, and primarily by the temperature and
content of dissolved oxygen (Butorin, Sklyarenko,
1989; Gerasimov et al., 2019). At present, the share of
small perch in catches has significantly decreased,
which in the past formed up to 50–75% of the compo-
sition of pelagic aggregations. Also, previously numer-
ous individuals of bleak and small roach lost their po-
sitions while the latter actually ceased to be registered
in pelagic nets.

The presence of an abundant pelagic fish complex
in Lake Plescheevo in 1970–80s was explained by the
high biomass of zooplankton, developing due to the
significant eutrophication of this water body due to
anthropogenic impact (Butorin, Sklyarenko, 1989;
Stolbunova, 2006). At the same time, researchers of
that time noted relatively low growth rates of pelagic
species owing to their high abundance and intraspecif-
ic competition (bleak), as well as to the feeding with
uncharacteristic food (roach, perch and silver bream).
The lake population of vendace was depressed at that
time (Butorin, Sklyarenko, 1989).

Probably, an equally important factor determining
the predominance of the pelagic complex of fish in the
lake was the absence of predators specific to this zone,
in particular zander Sander lucioperca (Linnaeus
1758). Small pikes and large perches found in the water
column have only partially occupied this ecological
niche (Butorin, Sklyarenko, 1989). The significance of
this biotic factor for the existence of pelagic assem-
blages of peaceful fish, may be proven on the example
of zander introduction into one of the lakes in Norway
(Braband, Faafeng, 1993). The introduction of such a
predator to the ecosystem caused a sharp decrease in
the density of pelagic assemblages of immature roach
from 12000–15000 to 250 ind./ha. No less interesting
are the experiments of Persson (Persson, 1993), in
which fry dramatically changed the feeding spectrum
from zooplankton to detritus-algae in the presence of
predators. There are other examples of a similar effect
of pelagic predators on the assemblages of small indi-
viduals of different species of fish living in the water
column in the literature (Smokorowski, Pratt, 2007).

Along with this, in a specialized monograph (Bu-
torin, Sklyarenko, 1989), devoted to the general char-
acteristics of the lake ecosystem, noted the presence of
biotic and abiotic factors suppressing the increase in
the number of benthophagous fish. Thus, the lack of
suitable spawning grounds was decisive for the bream
population, severe helminth infestation (ligulosis) for

the silver bream, summer killing phenomena occur-
ring in the bottom layers of water for the ruffe, and the
specific composition of benthic food organisms for
roach. At the same time, good conditions for feeding
and a low number of benthivorous fish ensured their
relatively high growth rates (Butorin, Sklyarenko,
1989). Nevertheless, despite the significant total ben-
thos biomass (Bakanov, 1983), the dominance of oli-
gochaetes and chironomids in its composition with a
pronounced decrease in the proportion of mollusks
negatively affected the abundance and growth rates of
some species, especially roach. It is likely that such
specific benthic composition, against the background
of high zooplankton biomass and the absence of spe-
cialized pelagic predators, caused the spatial redistri-
bution of a significant part of the roach population to
the lake pelagial, with the formation of large assem-
blage of small individuals (Fig. 4a).

Significant changes in the lake’s ecosystem have
occurred only in the late 1980s after an unintentional
introduction of zebra mussel and its successful accli-
matization. After a short period, this mollusk species
became the main food component in the diet of large
roach (Scherbina, 2008). Due to the high nutritional
value of mollusk tissues (Mackie, Schloesser, 1996),
this had a positive effect on the growth rates of roach
individuals, with modern indicators of which signifi-
cantly exceed not only those previously noted for the
lake population, but also for the roach of the Rybinsk
Reservoir (Fig. 3a). In addition, an increase was re-
corded in the maximum fish size (>300 mm versus
215–220 mm in the past), as well as their life expec-
tancy. It was previously shown that the formation of a
“mollusk-eating” roach morphotype began since the
penetration of zebra mussel into Lake Pleshcheevo
(Kodukhova, Karabanov, 2017). The emergence of a
similar morphotype, characterized by massive pha-
ryngeal teeth, a high rate of linear and weight growth,
was also noted for other water bodies colonized by
D. polymorpha (Gerasimov, 2015). In addition, it
should be noted that the increase in the food value of
macrozoobenthos after the introduction of zebra mus-
sel occurs not only directly due to it itself, but also due
to an increase in the number and species richness of
bottom invertebrates associated with zebra mussel
(Scherbina, 2008; Jernelöv, 2017).

However, at present, roach has virtually ceased to
be found in the pelagic zone of Lake Pleshcheevo
(Fig. 4b). The main reason is the changing conditions
for feeding of individuals of this species in various eco-
logical zones. The decrease of trophic status of the
lake, as a result of mollusk’s filtration activity, has ap-
parently exacerbated food competition among pelagic
species and contributed to the spatial redistribution of
roach aggregations. Studies of North American scien-
tists performed in Lake Erie have shown that the intro-
duction of zebra mussel caused a decrease in the den-
sity of phytoplankton accumulations by 90% and an
abundance of zooplankton by 55–71% (Jernelöv, 2017).
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This, of course, entails a significant revision of the
competitive relationships of fish, the basis of which are
planktonic organisms.

Mollusks, and, in particular, zebra mussel, are also
often found in the diet of large individuals of silver
bream. Being a food competitor of bream, this species
is able to feed on highly mineralized soils, including
zebra mussel colonies (Malinin et al., 1990; Gerasi-
mov, 2015). Figure 3b reflects the currently observed
improvement in the size and age characteristics of the
silver bream in comparison with the data from 1980s.
Apparently, as a result of changes in the composition
of the benthic community and, as a consequence of
this, the conditions benthic feeding fish, the number
of the population of silver bream also slightly in-
creased in the lake. If the share of this species averaged
about 6–10% in catches of the early 1980s, it currently
ranges from 4 (spring) to 25% (autumn) in the littoral
and sublittoral zones (Fig. 2). At the same time, the
growth of another benthophagous species – bream has
slowed somewhat (Fig. 3c). This is even more surpris-
ing because, as previously shown, the abundance of
the main bream’s food organisms (oligochaetes and
chironomids) increases markedly in the presence of
zebra mussel colonies (Jernelöv, 2017). It is possible
that the deterioration of trophic conditions for this
species is due to the formation of expansive fields of

dead shells in the littoral and sublittoral zones of the
lake that impede the consumption of soft zoobenthos
by the bream (Nikitenko, Shcherbina, 2014). This is
consistent with the data of other researchers which
showed that the high environment-forming activity of
D. polymorpha associated with the creation of druse
conglomerates changes the availability of other ben-
thic organisms for fish (Yakovleva, Yakovlev, 2011;
Mayer et al., 2013). According to our assumptions,
large bream individuals are forced to stay on the shell-
free parts of the bottom, during the feeding season
(Fig. 4c–4d). As for the morphology of the pharyngeal
teeth of bream and silver bream, the introduction of
zebra mussel into the lake did not cause processes sim-
ilar to those in observed in roach populations, accord-
ing to our data.

To date, the reasons for a significant reduction of
ruffe catches in Lake Plescheevo remain not fully un-
derstood. Earlier (the beginning of the 1980s) its
stocks in the reservoir were comparable with those of
bream and silver bream, but according to catches of
2014–2016 they were significantly inferior to them
(Fig. 2). Perhaps the decrease in the number of this
species is explained by its increased vulnerability to
oxygen deficiency in the bottom layer of water. The
tendency towards an increase in water temperature in
temperate latitudes that has been observed in recent

Fig. 4. Changes in the spatial distribution of some fish species in the littoral (1), sublittoral (2) and pelagic (3) zones of Lake
Plescheyevo after the introduction of zebra mussel: a – roach in 1978–1981, b – the same in 2014–2016, c – bream (black) and
silver bream (gray) in 1978–1981, d – the same in 2014–2015.
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decades (Lazareva, 2018), as well as the development
of specific algal f lora in Lake Pleshcheevo (Sakharo-
va, 2019), can lead to an earlier occurrence and a lon-
ger period of acute oxygen deficiency in the bottom
layer of water. Apparently, this significantly worsens
the situation with summer kills in the ruffe population.
Moreover, as shown by North American researchers,
zebra mussels can cause increases in toxic blue-green
algae (Snyder et al., 1992; Jernelöv, 2017). Decaying
algae can make waters uninhabitable by causing low
levels of dissolved oxygen that result in fish kills.

Despite significant differences in the methods for
assessing the relative abundance and species composi-
tion of catches of the past (early 1980s) and present
(2014–2016), a marked tendency toward a change in
the ratio of fish of pelagic and benthic complexes can
be noted. Similar processes were previously discussed
in detail by Mayer et al. (2013) using a series of lakes of
North America and Europe located in the temperate
climate zone. The term “benthification” they pro-
posed reflects the essence of the changes occurring in
lake ecosystems. The consequences of the introduc-
tion of zebra mussel affect not only certain trophic re-
lationships in communities, but also cause large-scale
multi-level changes in the structure of the entire eco-
system through large-scale filtration activity of the
mollusk (Mayer et al., 2013). Removing a significant
portion of the organic and mineral suspensions from
the water, zebra mussel contributes to a significant de-
crease in the trophicity of water bodies (Mackie,
Schloesser, 1996; Shcherbina, 2009). Therefore, relo-
cating nutrients from the water column to the bottom,
thereby depleting the pelagic and enriching the ben-
thic community (Mayer et al., 2013; Jernelöv, 2017).
In addition, “wherein increased water clarity (a phys-
ical alteration) triggers a predictable suite of modifica-
tions to ecosystem structure (e.g., species composi-
tion, spatial distribution of primary producers and
consumers) and function (e.g., primary production,
benthic – pelagic f lux)” (Mayer et al., 2013, p. 576).

However, the formation process in Lake Plesh-
cheevo biocenosis of D. polymorpha coincided in time
with a period of a general decrease in the anthropo-
genic load on this water body. The foundation in 1988
of the Pereslavl natural-historical national park (cur-
rently the Pleshcheevo Lake National Park), the asso-
ciated fishing restriction, as well as the depression of
agriculture in the 1990s, which led to a decrease in the
supply of nutrients from the catchment area, probably
had no less impact on the ecosystem of the lake. Ap-
parently, not only the introduction of zebra mussel,
but a combination of the above factors caused the
structural changes described above in the fish part of
the lake community.

CONCLUSION
Presented own and literary material allows us to

conclude that the occurrence of a sustainable bioceno-

sis of D. polymorpha in Lake Plescheevo involved pro-
cesses that directly and indirectly determine the struc-
ture and spatial distribution of the fish community.
According to our estimates, the role of benthophagous
fish has significantly increased in the lake, which was
a direct consequence of the change in the food value of
macrozoobenthos and the environment-forming ac-
tivity of this mollusk. At the same time, the size and
age characteristics have noticeably improved in popu-
lations of certain species (roach, silver bream), while
deteriorating for other (bream). Data from this study
showed that changes also affected the pelagial of the
lake. Thus, small roach, earlier numerous in pelagic
aggregations, is now practically completely absent.
Apparently, this event is due to an improvement in the
feeding conditions for the species in the littoral and
sublittoral zones of the lake on the one hand, and an
increase in food competition with aboriginal pelagic
species (vendace, bleak) on the other. Further obser-
vations would allow for a more detailed study of the
trends discussed in the present work on the transfor-
mation of the lake ecosystem and can help preserve
this unique landscape object in the European part of
Russia.
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ВЛИЯНИЕ ВСЕЛЕНИЯ МОЛЛЮСКА ДРЕЙССЕНЫ DREISSENA 
POLYMORPHA PALLAS (BIVALVIA) НА ПОПУЛЯЦИИ РЫБ ОЗЕРА 

ПЛЕЩЕЕВА (ЕВРОПЕЙСКАЯ ЧАСТЬ РОССИИ)
А. К. Смирнов1, *, Д. Д. Павлов1, **, Ю. В. Кодухова1, ***, Д. П. Карабанов1, ****

1Институт биологии внутренних вод имени И.Д. Папанина РАН, пос. Борок, Ярославской обл., 152742 Россия
*e-mail: smirnov@ibiw.ru

**e-mail: tukki@bk.ru
***e-mail: jukod@ibiw.ru
****e-mail: dk@ibiw.ru

Проанализированы структурные изменения в ихтиофауне озера Плещеева, последовавшие вслед за
вселением Dreissena polymorpha. На основании сравнения литературных (до вселения) и собствен-
ных (после формирования устойчивого биоценоза дрейссены) данных были оценены тенденции в
функционировании сообщества. В озере сохранились все отмеченные ранее виды рыб, однако их
встречаемость значительно изменилась. В уловах жаберных сетей, установленных в литоральной и
сублиторальной зонах озера в период нагула, преобладали крупные особи плотвы и окуня, в то вре-
мя как в пелагиали доминировала ряпушка. После вселения дрейссены в водоеме несколько возрос-
ла общая численность рыб-бентофагов, а также достоверно увеличился темп роста видов, активно
ею питающихся (плотва и густера). Вместе с тем скорость роста леща, предпочитающего мягкий зо-
обентос, снизилась. Вероятно, формирование в озере стабильного биоценоза дрейссены обуслови-
ло определенные изменения в пространственной структуре сообщества рыб. Так, из пелагических
скоплений рыб исчезли некрупные особи плотвы. Вероятно, это является следствием изменения
трофических связей в литоральной и сублиторальной зонах, а также неизбежного усиления пище-
вой конкуренции среди пелагических видов рыб.

Ключевые слова: чужеродные виды, трансформация экосистем, речная дрейссена, сообщество рыб
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