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The long-term dynamics of the fish population was studied in the
forest lake of the high floodplain of the Oka River, located in the
southeastern Meshchera Lowlands. The maximum ecological

capacity of the lake is fifteen fish species and the minimum,
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three fish species. The dynamics of the composition and species
structure of the fish community depends on a number of factors. The
most significant factors are the physico-chemical characteristics
of the lake, the level of spring floods, and the interactions between

aboriginal and invasive species.
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Introduction

The central lake-river system of the Meshchera
Lowlands comprises several structural elements,
including the lakes of the high floodplain of the Oka
River (lvancheva et al., 2018). There are several
lakes, namely, Erus, Leshchennik, Lipatovo, and
Pilki, on the territory of the Oka State Natural
Biosphere Reserve, located in the southeastern
part of the Meshchera Lowlands (Pankova, 2014).
Conditional isolation from the parent watercourse
is their characteristic feature; however, they join
the flood in the years with high floods, so their fish
communities exchange with that of the Oka River. In
the last two decades, the flood level in the Oka River
has significantly decreased, and the floods have
become extremely irregular, which was reflected in
the structure of the fish population of these lakes.
Taking into account the low water content of these

lakes and the arid summer-autumn regime of the last
few years, affecting significantly all components of
the lake biota, it is extremely important to assess the
current state of these water bodies.

The study aims to trace the dynamics of the fish
population of the model lake of the high floodplain of
the Oka River and to search for the affecting factors.

Materials and methods

The Lake Erus, located in the eastern section of
the Oka State Nature Biosphere Reserve has been
one of the model lakes for many years. This is the
most typical high floodplain lake of glacial origin,
with an area of 25.5 hectares, flooded only during
high floods. The depth of the lake basin is not known
exactly, since there is a layer of liquid silt 4.0-m deep
under a small layer of water (50-100 cm). Most of
the lake water surface (more than 50%) is covered
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with thickets of water soldiers Stratidtes aloides; less
extensive thickets are also formed by Manchurian
wild rice Zizania latifolia, bulrush Typha latifolia, and
common reed Phragmites australis. Also, the thickets
of white water lily Nymphaea candida are widely
spread here (Pankova, 2014).

Since 1948, the Lake Erus periodically attracts the
attention of ichthyologists (Ivanchev and Ivancheva,
2012; Letopis prirody, 1948, 1954, 1987; Panchenko,
1990; Seleznev, 1963); annual monitoring has been
started in 2014 and is continued nowadays. Test
fishing in 2006 and annually since 2014 is carried out
with fixed nets with a mesh size of 12, 18, 30, 45, and
60 mm; small-size fish species and the weatherfish
were sampled with a pot hauler (capture area of 1 m?)
and a trap net.

We analyzed quantitative data for 1954, 1987,
2006, and 2014-2019. The study did not include
data from 1948, since the lists of fish for all lakes in
the Reserve archives are given without quantitative
characteristics for this year. The species share was
characterized using the following scale: rare species
(share in the population < 0.1%); low-abundance
(0.1-1.0%); common (1.1-5.0%); numerous (5.1—
10.0%); dominant (> 10%); super-dominant (> 50%)
(lIvanchev and Ivancheva, 2010; Tereshchenko and
Nadirov, 1996).

The fish species are given in accordance to the
«Atlas of the Freshwater Fish of Russia» (2002) taking
into account the most recent data (Ryby..., 2010).
Quantitative samples of macrozoobenthos were
collected in the Lake Erus on August 18, 2014 and
August 27, 2019 with an Ekman-Berge bottom grab
with a capture area of 1/100 m2. In total, four combined
samples were taken, 4-6 replicates per sample. The
collected material was processed according to the
standard technique used at the Institute for Papanin
Institute for Inland Water Biology, Russian Academy
of Sciences (Metodika..., 1975). The invertebrate
species were identified by the series of taxonomic
keys (Opredelitel..., 1994, 1995, 1997, 2001, 2004).

The fishery assessment of the fodder base was
carried out according to the scale developed by the
GosNIORKh (former branch of Russian Federal
Research Institute of Fisheries and Oceanography,
VNIRO) (Pidgayko et al., 1968). All groups of
invertebrates, except mollusks, were classified as

“soft-bodied benthos” (B_ ). All the representatives
of the soft-bodied benthos, as well as the mollusks
with a shell size of less than 14 mm (Zhivoglyadova
and Frolenko, 2017), were referred to the forage
benthos (B, .). The classification suggested by
S.P. Kitaev (2007) and the Pantle — Buck saprobity
index (/) modified by M.V. Chertoprud (2002) were
applied to determine the trophic type of the lake via
the zoobenthos biomass. Major physico-chemical
indicators of water were determined using the
analyzer “Expert-001”.

Results and Discussion

Living environment for fish
in the Lake Erus

Water in the Lake Erus is characterized by a very
low content of dissolved oxygen; pH is neutral in the
littoral and profundal zones (Table 1).

Macrozoobenthos inhabits mainly the coastal
zone of the lake. The invertebrate aquatic fauna
comprises 20 species and supra-specific taxa, the
macrozoobenthos, 13 species and genera, most of
them are found in the littoral zone (Table 2).

Average quantitative data on the state of mac-
rozoobenthos community in the littoral of the Lake
Erus are presented in Table 3. According to the scale
for assessing the food capacity of the water body by
the benthos characteristics (Pidgayko et al., 1968),
the Lake Erus is classified as of medium degree of
the food capacity. By the trophic status, the lake is
B-mesotrophic. By the end of summer, the water qua-
lity corresponds to the (3-mesosaprobic according to
the Pantle — Buck saprobity index (/ = 2.7) (Table 3).

Dynamics of fish population

In total, fifteen fish species were recorded in
the Lake Erus during the entire observation period,
since 1948. The list of species and the frequency of
their occurrence in the catches are presented in the
Table 4. The dynamics of the fish population structure
in the Lake Erus is presented in Table 5. Such species
as belica and weatherfish may have lived in the lake
for many years, but have not been identified due to
the use of the fishing gear with large mesh size.

According to the Wunder’s classification (Wunder,
1936, cited after Nikolsky, 1974), which characterizes

Table 1. Main physico-chemical parameters of water of the Lake Erus on August 27, 2019.

Ecological zone

Parameters

pH O,, mg/L T, °C
Littoral 6.8 0.58 19.2
Profundal 6.6 1.97 16.7
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Table 2. Taxonomic composition of macrozoobenthos of the Lake Erus in 2014 and 2019. * — epineuston, ** — nekton.

Ecological zone

Taxa )
Littoral Profundal

Oligochaeta

Lumbriculus variegatus (Muller, 1773) + -

Stylodrilus heringianus Claparede, 1862 + -

Oligochaeta gen. sp. - +

Mollusca

Anisus vortex (Linnaeus, 1758) + -

Anisus contortus (Linnaeus, 1758) + -

Segmentina montgazoniana Bourguignat in Servain,1881 + -

Segmentina sp. + -

Musculum sp. + -

Pisidium amnicum (Miller, 1774) + -
Crustacea

Asellus aquaticus (Linnaeus, 1758) + -

Gammarus lacustris Sars, 1863 + -
Collembola:

Podura aquatica Linnaeus, 1758* + -

Ephemeroptera
Caenis horaria (Linnaeus, 1758) + -
Odonata

Coenagrion armatum (Charpentier, 1840) + -

Enallaghma cyathigerum Charpentier, 1840 + -
Heteroptera

Hydrometra gracilenta Horvath, 1899* + -

Plea minutissima Leach, 1817** + -

Microvelia buenoi Drake, 1920* + -
Coleoptera

Hydroporus sp.** + -

Hyphydrus sp.** + -

Table 3. Quantitative characteristics of the macrozoobenthos of the Lake Erus in 2014 and 2015.

Ecological zone

Parameters
Littoral Profundal
Average abundance (N, ind./m?) 391 16
Average total biomass (B, 9/m?) 3.5 0.2
Average biomass of the forage benthos (Bforage, g/m?) 3.4 0.2
Average biomass of the soft-bodied benthos (B_ ., g/m?) 0.8 0.2
Type of water body trophicity B-mesotrophic ultra-oligotrophic

Pantle — Buck saprobity index 2.7
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Table 4. Fish species recorded in the Lake Erus and their frequency of occurrence according to the data of catches in 1954, 1987, 2006,

and 2014-2019.

Species Frequency of occurrence, %
Zope Abramis ballerus (Linnaeus, 1758) 22.2
Common bream Abramis brama (Linnaeus, 1758) 33.3
White bream Blicca bjoerkna (Linnaeus, 1758) 11.1
Prussian carp Carassius auratus (Linnaeus, 1758) 100
Crucian carp Carassius carassius (Linnaeus, 1758) 44 .4
Belica Leucaspius delineatus (Heckel, 1843) ?
Ide Leuciscus idus (Linnaeus, 1758) 33.3
Lake minnow Phoxinus percnurus Berg, 1949 66.6
Roach Rutilus rutilus (Linnaeus, 1758) 44 .4
Rudd Scardinius erythrophthalmus (Linnaeus, 1758) 55.5
Tench Tinca tinca (Linnaeus, 1758) 33.3
Weatherfish Misgurnus fossilis (Linnaeus, 1758) ?
Northern pike Esox lucius Linnaeus, 1758 44 .4
European perch Perca fluviatilis Linnaeus, 1758 44 4
Chinese sleeper Perccottus glenii Dybowski, 1877 77.7

the fish species in regard to their optimal oxygen
regime, the frequently encountered fish species
(frequency of occurrence exceeding 33.3%) belong
to group 3, i.e. they require a relatively small amount
of oxygen and so may live at a concentration
of 4 mg O,/L (European perch, roach, pike, and rudd),
and to group 4, tolerating very low oxygen saturation,
as low as 0.5 mg O,/L (Prussian carp, crucian carp,
and tench). The rest of the species, apparently, do not
tolerate oxygen deficiency, so they die subsequently
after appearing in the lake during a spring flood.

The data obtained in 1954 indicate a fairly high
species diversity of the fish population, which is the
highest for the entire period of observations of the
lake. In particular, there were 11 species observed,
and the Shannon index that time was 2.1. The fish
population was represented by aboriginal species.
Crucian carp, roach, and European perch dominated.

In the 1987, there were two carp species, but the
crucian carp dominated, and the Prussian carp was
represented only by females. This allows us to suppose
the presence of the gynogenetic form of the latter.
Regard must be paid to the fact that the Prussian carp
was represented only by females in many floodplain
water bodies in the late 1980s — early 1990s, according
to unpublished data of .M. Panchenko.

According to some authors (Gerasimov et al.,
2018), the larger body height in the Prussian carp

correlates with unisexuality and, accordingly, with the
gynogenetic reproduction. According to the catch data
in 1987, the Prussian carp of the Lake Erus were not
characterized by larger body height. In particular, the
ratio of body height to body length was 0.40 + 0.011,
and the ratio of the head length to body length was
0.26 £ 0.017. During the period of 2014-2019, the
proportions of the body of this carp species remain
the same, i.e. the ratio of body height to body length
is 0.40 = 0.017, and the ratio of head length to body
length is 0.26 £ 0.09.

In the catch of 2006, when the invasive species,
the Chinese sleeper, entered the lake, we recorded
five species only, and the Chinese sleeper was the
super-dominant. The relative abundance of Prussian
carp exceeded that of the crucian carp twofold, the sex
ratio in the Prussian carp population was close to 1:1.

Since the late 1980s — early 1990s, the share of the
Prussian carp began to increase in the water bodies
of the Ponto-Caspian Region. The exact reasons for
this phenomenon are not known yet (Gerasimov et
al., 2018; Podushka, 2004; Vekhov, 2007, 2013; etc.).
Since the increase in the number of the Prussian carp
is large-scale and affects many water bodies of the
Ponto-Caspian Region, the reason for this phenomenon
should also be global. Yu.V. Gerasimov and co-authors
(Gerasimov et al., 2018) believe that climate warming
is one of the reasons, due to which the thermophilic and
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Table 5. The share of the fish species (%) in the catches in the Lake Erus in 1954-2019. * — incomplete catch is presented (the sample of
only crucian and prussian carps); + — information on species abundance was obtained using special fishing gear; ? — no data.

Year
Species
1954 1987 2006 2014 2015 2016 2017 2018 2019
Zope 6.9 ? 0 29 0 0 0 0 0
Common bream 8.86 ? 0 0.6 0 24 0 0 0
White bream 0.12 ? 0 0 0 0 0 0 0
Prussian carp 0.57 18.37 4.54 71.3 17.3 12.1 6.7 9.7 1
Crucian carp 25.32 81.63 0.52 0 0 1.2 0 0.1 0
Belica ? + + 0 0 0 0 0 0
Ide 3.34 ? 0 1.3 0 0.6 0 0 0
Lake minnow 0 ? 0 0.1 70.4 771 41.3 60.2 85.4
Roach 26.58 ? 0 4.9 0 1.8 0 0.1 0
Rudd 5.98 ? 7.58 0.1 0 1.2 0 0.8 0
Tench 0.12 ? 0 0.4 0 0.6 0 0 0
Weatherfish 0 0 + 0 0 0 0 0 0
Northern pike 1.15 ? 9.09 0.2 0 0 0 0.1 0
European perch 21.06 ? 0 1.2 0 0.6 0 04 0
Chinese sleeper 0 ? 77.27 17 12.3 24 52 28.6 13.6
Total number of 869 49 66 902 629 162 870 1259 2154

specimens
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heat-resistant Prussian carp changed its life strategy
from gynogenetic to bisexual reproduction. In addition,
at the end of the XX century, there was a deliberate
and unintentional introduction of the bisexual Amur
carp into a large number water bodies. This species
is rheophilic, so it was actively dissipating along the
watercourses and thus spread widely.

In any case, only the bisexual Prussian carp is
currently found in the Lake Erus. Meantime, the
crucian carp is found as single specimens. Both
species easily tolerate a lack of oxygen, but the
Prussian carp is characterized by a wider food
spectrum; the crucian carp feeds mainly on benthos,
but the Pruccian carp, if necessary, easily switches
to feeding on plankton due to the greater number
of stamens on the gill arches (Panchenko, 1990).
Perhaps, the hybridization of these two species may
be the reason for the displacement of the crucian
carp by the Prussian carp. The volume of ejaculate
in males of the Prussian carp is almost twice that
of the crucian carp, the fertility of the first species is
also much higher than that of the latter (Plieva et al.,
2012). In addition, these hybrids are more viable than
the juveniles of non-hybrid species.

In 2014, the number of observed species was high
(11 species), but the Shannon index was lower than
that in 1954 (1.42). The decrease in species diversity
was associated with the pronounced dominance of
the Prussian carp. Regard must be paid to the fact that
the thickets of the water soldiers Stratiotes aloides
disappeared in many floodplain lakes, including the
Lake Erus, during the winter of 2012/2013. This plant
species serves as the main refuge of the Chinese
sleeper from predators (pike and the European
perch), so the Chinese sleeper abundance decreased
sharply (lvancheva and Ivanchev, 2014). However,
the water soldiers’ population began to recover
gradually already in 2014, so the abundance of the
Chinese sleeper became comparable to that of the
Prussian carp the next year already.

Also in 2014, we recorded a single case of the
lake minnow, which had not previously been observed
in the reserve (Ilvanchev and Ivancheva, 2015). In the
Ryazan Oblast, we noted this species previously only
in the Moksha River basin (Ivanchev and lvancheva,
2010). The lake minnow has a fragmented range
(Berg, 1949a, b; Ryby..., 2010), which margins have
changed obviously; therefore, the present range
can be considered as secondary (Alimov et al.,
2004). The lake minnow is probably characterized
by invasive features, thanks to which it penetrated
and naturalized in the studied reservoir. In 2013, the
highest flood level was observed since 2000, which
probably contributed to the penetration of this species
into the lake.

In 2015, the lake minnow sharply increased its
abundance, when its share in the catches exceeded
70%. This phenomenon is typical for the naturalization

of a species in a new habitat (Alimov et al., 2004).
Similar outbreaks of the lake minnow abundance
were noted in the lakes of Mordovia Republic, Russia
(Artaev and Ruchin, 2015).

In 2016, some species, such as the Prussian
carp, the Chinese sleeper, and zope, were affected
by motile aeromonas septicemia (MAS, or bacterial
hemorrhagic septicemia, caused by bacteria
Aeromonas hydrophila); as a result, the relative fish
abundance decreased by 4 times. Meantime, no
infected specimens of the lake minnow were observed,
and its share in the catches increased to 77%. The
lake minnow may have been a carrier of MAS, and
the fish disease epizootic was preconditioned by a
general increase in the carrier fish abundance.

In 2017 and 2018, MAS infection gradually
subsided, and the fish abundance increased up to
average values, with two invasive species dominating,
the Chinese sleeper and the lake minnow.

In 2019, only three species remained in the lake
(the Chinese sleeper, lake minnow, and the Prussian
carp); they are all invasive. The Chinese sleeper and
lake minnow represent the dominant complex, and
the lake minnow is the super-dominant. The most
probable reasons for such a poor composition of the
ichthyofauna are:

1) low level of floods, preventing various fish spe-
cies from penetrating into the lake, including preda-
tors that are capable to regulate the abundance of
invasive species;

2) the loss of fish species hat need higher oxygen
content in water (zope, common bream, ide, roach,
etc.);

3) high ecological plasticity of the species remain-
ing in the lake, their ability to exist at low concentra-
tions of dissolved oxygen;

4) predatory of the Chinese sleeper and lake min-
now; these species eat the eggs of various fish spe-
cies (Ryby..., 2010; Zaloznykh, 1982; Zhuravlev et al.,
2006);

5) possible hybridization of carp species; as a re-
sult, the crucian carp was replaced by the Prussian
carp;

6) development of thickets of macrophytes, which
are the shelters for the Chinese sleeper and which
serve as a substrate for phytophilous fish species for
laying their eggs.

Conclusions

Therefore, the dynamics of the fish population of
the high floodplain lake is primarily preconditioned by
its physicochemical characteristics (size and water
volume, concentration of dissolved oxygen, etc.). The
food capacity of the lake, i.e. the possibility of habi-
tation of a certain number of the forage aquatic or-
ganisms, is the consequence of these characteristics.
In the Lake Erus, the coastal zone, characterized by
dense bottom sediments, is the most favorable place
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for inhabiting of the most benthic organisms; the rest
of the lake basin is filled with liquid silt, where the
environment is unfavorable for most benthic species.
Both aquatic invertebrates and fish living in such lake
must be adapted to low oxygen saturation of water.

Other important factors influencing the dynamics
of the fish population include the presence and the
area of the projected cover of macrophytes that serve
as the shelters, and the level of spring floods, which
affect the penetration of various fish species into the
lake. Such penetration results in newly formed rela-
tionships between the species (predation, hybridiza-
tion) as well as in the introduced infections.
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