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ABSTRACT. The results of research of bottom biocenoses of the Zaonezhye area (Zaonezhsky Peninsula
in the northeastern part) of Lake Onego in 2023 are presented. Insignificant differences in the spatial
distribution of quantitative characteristics of macrozoobenthos were revealed. Quantitative indicators
such as abundance and biomass of macrozoobenthos ranged from 1.56-4,01 thousand ind/m? and 0.35-
3.19 g/m?, respectively. It is shown that the invasive species Gmelinoides fasciatus (Stebbing 1899)
(Crustacea: Amphipoda) has naturalized in the littoral. Amphipoda G. fasciatus plays a dominant role
in the abundance of the bottom community in Keften-Guba and in the vicinity of Padmozero village. It
was noted that the native species Gammarus lacustris Sars 1863 was not recorded anywhere. Quite rapid
dispersal of the Baikal species G. fasciatus on the littoral of the reservoir suggests that in the coming
years these amphipods may colonize the Lizhemskaya Guba (Bay) of the lake, where there are habitats
not subject to its invasion, according to the literature.

Keywords: macrozoobenthos, Gmelinoides fasciatus, littoral zone, Onego Lake, invasive species

For citation: Sidorova A.L. Role of the invasive amphipod Gmelinoides fasciatus (Crustacea: Amphipoda) of littoral mac-
rozoobenthos of the Zaonezhye area of Lake Onego // Limnology and Freshwater Biology. 2024. - Ne 5. - P. 1243-1252.

DOI: 10.31951/2658-3518-2024-A-5-1243

1. Introduction

Intentional and unintentional introductions
of alien species have increased dramatically world-
wide over the past century. Although studies related
to human activities that facilitate species exchange
have increased substantially, we know little about the
rate of alien species accumulation in different regions
(Seebens et al., 2017). The process of invasion of alien
species into aquatic ecosystems of Northwest Russia has
recently been proceeding quite intensively (Kurashov
et al., 2018; Barbashova et al., 2021). Amphipods are
among the most active invasive species, dispersing in
modern conditions outside their natural habitats, which
leads to significant changes in the recipient ecosys-
tems (Jazdzewski and Konopacka, 2002; Arbaciauskas,
2002; Berezina, 2007; Grabowski et al., 2007).

The Baikal amphipod G. fasciatus has been regis-
tered in Lake Onego since 2001 (Berezina and Panov,
2003). High ecological plasticity of the crustaceans,
availability and feeding value for many fishes ben-
thophages allowed using them as objects for deliber-
ate introduction in reservoirs and lakes. In the 1960-
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1970s, aquatic invertebrates, including G. fasciatus,
were introduced to increase the fish food base (Ioffe,
1960; Bekman, 1962; Ioffe, 1968). The species has suc-
cessfully taken root in 28 water bodies of the country
(Zadoenko et al., 1985).

To date, materials have been published on the
distribution of G. fasciatus on the southwestern part
of the littoral of Lake Onego (Berezina and Panov,
2003), the northern part (Kukharev et al., 2008) and
the littoral of Megostrov and Sosnovets islands and the
eastern part of the reservoir (Sidorova and Belicheva,
2017). However, the role of the invasive species on the
littoral of the Zaonezhye area (Zaonezhsky Peninsula
in the northeastern part) of Lake Onego has not been
previously investigated. For the first time, we obtained
materials on the distribution of the species in the lit-
toral zone in Guba Svyatukha and in the vicinity of
Padmozero village.

The purpose of the study is to clarify the distri-
bution and role of the invasive amphipod G. fasciatus in
macrozoobenthos on the littoral of the Zaonezhye area
of Lake Onego.
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2. Materials and methods

Lake Onego is located in the European North of
Russia and it is the second largest freshwater lake in
Europe (Filatov, 2010). Macrozoobenthos samples were
collected on the littoral of Zaonezhye synchronously at
all stations on the same day, July 2, 2023 (Fig. 1). The
monitoring station in Keften-Guba is represented by a
sandy quiet littoral with macrophyte thickets, mainly
common reed Phragmites australis (Cavanilles). The area
of overgrowth at the station was about 10 m? The bio-
tope of Svyatukha Bay is represented by a stony littoral
with thickets of common reed. The biotope of the litto-
ral near Padmozero village is sandy with common reed.

Samples were collected and processed in accor-
dance with freshwater benthos collection guidelines
(Vinberg and Lavrentieva, 1962). A tubular metal
Panov-Pavlov sampler with a 0.07 m2capture area and
0.65 m height was used for benthos sampling (Panov
and Pavlov, 1986). The cylinder was lowered to the
bottom and rotationally buried 5-7 cm into the ground
so that the upper edge of the cylinder was above the
water surface. The volume of water confined by the
cylinder was agitated and thoroughly fished with a net
for several minutes. The contents of the net were peri-
odically transferred to a container with water. Then
the rocks on the bottom and plants were examined.
Animals from the rocks were also transferred to the
sample. Collections were made at depths of up to 0.4
m from 3 points approximately 5 meters apart. A total
of 18 macrozoobenthos samples were collected at all

stations.

Macrozoobenthos organisms were identified
using a LOMO Mikmed-6 microscope (LOMO, Russia),
according to the identifier (Alekseev and Tsalolikhin,
2016). In the laboratory, the crude weight of G. fas-
ciatus individuals fixed in formalin was determined by
weighing after drying on filter paper with an accuracy
of 0.0001 g., using laboratory analytical scales VL-124V
(GOSMETR, Russia). Statistical processing of the data
was performed according to the methodological guide-

lines (Ivanter and Korosov, 2010).
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3. Results and discussion

The results of the study showed that the mac-
rozoobenthos of the littoral zone is quite diverse and
it is represented by the main groups of benthic inver-
tebrates. Seven groups of different taxonomic rank
were identified. These groups widely distribute in the
littoral zone of Lake Onego as in most water bodies
of the North-West (Table 1). The most common and
abundant groups were Amphipoda (100% occurrence),
Chironomidae (100% occurrence), Oligochaeta (100%
occurrence) and Ceratopogonidae (100% occurrence).
Ephemeroptera (33% occurrence) and Hydracarina
(33% occurrence) were rarely observed. Bivalvia mol-
luscs were found in more than half of the samples (67%
occurrence).

The amphipod G.fasciatus was firstly observed
in Keften-Guba of Lake Onego in 2006-2009 (Savosin,
2010). The native amphipod Gammarus lacustris Sars
was not found by us in the studied habitats. The inva-
sive amphipod G. fasciatus in Lake Onego is currently
a mass species in the littoral of the lake on rocky and
thicket biocenoses. In the present only coastal areas
in Lizhemskaya Guba are not subject to its invasion
(Kukharev et al., 2008). In addition, according to our
results, only in one habitat around Cape Chazhnavolok
the native amphipod Gammarus lacustris Sars 1863
and G. fasciatus occurred simultaneously. In this ben-
thic biocenosis, the biomass of the native species is
38%, while G.fasciatus is 19% from the total biomasse
(Sidorova, in press).

According to Berezina (2004), when an invasive
alien species enters new conditions where there is no
natural limitation of its dispersal and where there are
no predators, parasites and competitors, an ideal situ-
ation for population (or biomass) growth is created. At
the first, it happens imperceptibly and slowly, and then
it becomes rapid, which can lead to a population explo-
sion. In the absence of constraints from environmental
conditions, such growth can continue for an indefinite
period of time. As a rule, limitation is occurred by one
or another environmental factor or factors occurs at
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Fig.1. Location map of macrozoobenthos sampling stations on the littoral of Lake Onego in 2023.
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Table 1. Taxonomic structure and average quantitative characteristics of macrozoobenthos communities on the littoral of

Lake Onego in 2023.

Station Numbers, thousand ind/m?
N total | Amph. | Olig. | Chir. Biv. |Hydrac.| Cerat. | Eph. n
Keften-Guba 3.27 1.76 1.10 0.25 0.08 0.01 0.01 0.04 6
Guba Svyatukha 1.56 0.04 1.09 0.38 - - 0.04 - 6
Padmozero village | 4.01 1.84 1.02 0.50 0.03 - 0.62 - 6
Biomass. g/m?
B total | Amph. | Olig. | Chir. Biv. |Hydrac.| Cerat. | Eph. n
Keften-Guba 1.34 0.82 0.36 0.03 0.08 0.03 0.01 0.01 6
Guba Svyatukha 0.35 0.02 0.27 0.04 - - 0.02 - 6
Padmozero village | 3.19 1.77 0.67 0.23 0.01 - 0.51 - 6
f, % 100 100 100 67 33 100 33

Note: n — number of samples; N total - total abundance, thousand ind/m? B total - total biomass, g/m? f - frequency of
occurrence, %; Amph — Amphipoda; Olig. — Oligochaeta; Chir.- Chironomidae L.; Biv.- Bivalvia; Hydrac. — Hydracarina; Cerat. —

Ceratopogonidae; Eph.- Ephemeroptera.

a certain stage in the build-up of a particular species’
abundance. This leads to a slowdown in the growth of
abundance (or biomass), which reaches an upper limit
and then remains at about the same level. This type
of population expansion into new habitats is typical of
most amphipod species. According to Ryabinkin and
Polyakova (2008), the characteristics of G. fasciatus are
a short life cycle, high fecundity and a high ecological
plasticity, which allowed the species to disperse rapidly
throughout the water body and to participate in the
ecosystem processes of material and energy transfor-
mation in Lake Onego.

According to our data, the abundance of mac-
rozoobenthos in Keften-Guba and around Padmozero
village was similar, at 3,27 and 4,01 ind/m? respec-
tively. In Guba Svyatukha the total benthos abundance
was 2 times lower. Total biomass of bottom organisms
was highest near ty of Padmozero village (3.19 g/m?),
mainly due to the contribution of Amphipoda.

In terms of abundance in Keften-Guba and
near Padmozero village, amphipods were dominates
in bottom cenosis (from 46 to 54% of the total abun-
dance) (Fig. 2). Oligochaetes accounted for a signifi-
cant proportion of abundance (25-34%). Other groups
accounted for less than 16% of total abundance.

In Guba Svyatukha, oligochaetes reliably domi-
nate (70% of total abundance), with other groups con-
tributing insignificantly.

In the littoral zone of all studied habitats, amphi-
pods are represented by only one species - the invasive
G. fasciatus. The native species G. lacustris, which pre-
viously inhabited the littoral zone of Lake Onego, was
not recorded anywhere.

In terms of biomass, G. fasciatus dominates in
Keften-Guba and Padmozero village 61 and 56 %,
respectively (Fig. 2). The rate of oligochaetes is also
significant (21-27% of the total biomass). The remain-
ing groups each contribute less than 16%. In Guba
Svyatukha, oligochaetes are the dominant species in
terms of biomass, representing 77% of the total bio-
mass, while amphipods account for only 5% of the total
biomass of bottom organisms.
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Our results prove that G. fasciatus is widely
distributed on the littoral in the Zaonezhye region.
Furthermore, materials from the year 2012 indicate
that baikalian amphipoda was recorded in the south-
ern part of the reservoir near Voznesenye village (Fig.
3). Observations in the year 2014 showed that G. fas-
ciatus was registered on the littoral of Sosnovets and
Megostrov islands, where the amphipod plays a key
role in terms of abundance. In addition, for the first
time, the amphipoda was found in the eastern part
of the lake (Cape Besov Nos, Andoma) (Sidorova and
Belicheva, 2017). Previously, G. fasciatus was identified
along the shoreline of Kizhi Island in 2012 (Baryshev
et al., 2016). We have shown that in the year 2014
the share of invasive species in benthic abundance
exceeded 50%. (Sidorova, in press).

In 2022, we conducted a detailed study of the
littoral in the northern part of the water body. For the
first time, an invasive species was registered in the
littoral zone of Orov-guba in Povenets Bay, where no
studies had been conducted before.
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Fig.2. The ratio of macrozoobenthos groups by abun-
dance (a) and biomass (b) at stations of Lake Onego in July
2023.
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We have shown that G. fasciatus plays a signif-
icant role in abundance of the benthic community in
almost all studied habitats of the reservoir. On the
littoral of Povenets Bay up to the locks of the White
Sea-Baltic Canal, the share of amphipods in the com-
munity abundance is more than 58%. To the north
along the course of the White Sea-Baltic Canal between
locks 2 and 3, the crustaceans were completely absent
(Sidorova, in press). Future attention should be given
to this phenomenon, namely, to the study of the pos-
sibility of the species to be included in the benthic
biocenoses to the north between the canal locks and
the littoral of Lakes Volozero, Matkozero, Telekino,
Vygozero, Palokorgskoye and Matkozhnenskoye water
bodies and the White Sea.

In addition, a detailed study of the littoral zone
of the Lizhemskaya and Unitskaya Bays of Lake Onego
is necessary in order to obtain up-to-date data on the
distribution of the invasive species G. fasciatus and the
habitat of the native species G. lacustris.

4. Conclusions

The 2023 surveys showed insignificant differ-
ences in the spatial distribution of quantitative charac-
teristics of macrozoobenthos, which are related to the
diversity of littoral habitats. Macrozoobenthos abun-
dance and biomass varied within the range of 1,56-4,01
ind/m?and 0.35-3.19 g/m>.

For the first time, the invasive species G. fas-
ciatus was registered in the northeastern part of the
reservoir on the littoral of Guba Svyatukha and in the
vicinity of Padmozero village, where no studies have
been conducted before. We have shown that G. fas-
ciatus plays a dominant role in terms of communities
abundance in two studied stations of the reservoir (in
Keften-Guba and Padmozero village). In addition, the
native species G. lacustris was not registered anywhere.
Thus, the results of our study prove that the invasive
species has successfully naturalized in the recipient
water body - Lake Onego. The range map for this spe-
cies has been refined to reflect its current distribution
in the northeastern part of Lake Onego. It is shown that
G. fasciatus is included in communities and becomes a
frequently occurring and dominant species. Quite rapid
dispersal of the Baikal species G. fasciatus on the litto-
ral of the reservoir suggests that in the coming years
these amphipods may colonize the Lizhemskaya Guba
of the lake, where there are habitats not subject to its
invasion, according to literature data (Kukharev et al.,
2008; Polyakova, 2008).
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Fig.3. Map of identification of the amphipod G. fasciatus
in Lake Onego. Star — data from 2023. Triangle — data from
2012 (Sidorova, in press). Square — data from 2014 (Sidorova
and Belicheva, 2017). Circle — data from 2022 (Sidorova, in
press).
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