ISSN 1062-3590, Biology Bulletin, 2021, Vol. 48, No. 8, pp. 1202—1209. © Pleiades Publishing, Inc., 2021.
Russian Text © The Author(s), 2020, published in Zoologicheskii Zhurnal, 2020, Vol. 99, No. 11, pp. 1223—1231.

Long-Term and Seasonal Dynamics of the Population

of Cercopagis pengoi (Ostroumov 1891) (Cladocera, Onychopoda)

in the Eastern Part of the Gulf of Finland, Baltic Sea

L. F. Litvinchuk*

Zoological Institute, Russian Academy of Sciences, St. Petersburg, 199034 Russia
*e-mail: larisalitvinchuk @yandex.ru
Received March 1, 2020; revised March 10, 2020; accepted March 15, 2020

Abstract—Long-term seasonal studies of the population of Cercopagis pengoi (Ostroumov 1891) (Cladocera,
Onychopoda) in the eastern Gulf of Finland were carried out for the first time. Material was collected every
two weeks from mid-May to mid-October in the years 2009—2019, and only one species of the genus Cerco-
pagis Sars 1897 (C. pengoi) was registered. Individuals of the first generation were found only during the first
month of population development, from mid-May to mid-June. The second and subsequent generations
developed from mid-June to mid-October. The appearance of the first generation in plankton in the spring
occurred a month later than that observed in the Ponto-Caspian basin. In autumn, the disappearance of C.
pengoi occurred at the same time as in the native range, in mid-October. The fecundity of parthenogenetic
females was higher at the beginning of the growing season. In some years, individuals of the gamogenetic gen-
eration were not observed at all in the population. Compared to the populations inhabiting the Ponto-Cas-
pian region, the duration of the growth season of the C. pengoi population was shorter, but the population
density of this species was higher in the eastern part of the Gulf of Finland.
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INTRODUCTION

In recent decades, the large planktonic cladoceran
Cercopagis pengoi (Ostroumov 1891) (Cladocera,
Onychopoda, Cercopagididae) has become dispersed
outside its native range, which is located in the Ponto-
Caspian basin. In the Baltic Sea, this species was first
found in the Gulf of Riga in 1992 (Ojaveer et al.,
2000), then it was recorded in other regions of the Bal-
tic Sea (Avinski, 1997; Zmudzinski, 1998; Uitto et al.,
1999; Bielecka et al., 2000; Gorokhova et al., 2000;
Naumenko and Polunina, 2000). In subsequent years,
C. pengoi naturalized in the Baltic Sea and became
abundant here (Krylov et al., 1999; Antsulevich and
Vilipakka, 2000; Gorokhova et al., 2000; Ojaveer et
al., 2000, 2004; Telesh et al., 2001; Litvinchuk et al.,
2001; Polunina, 2005; Litvinchuk and Telesh, 2006;
Litvinchuk, 2007; Golubkov et al., 2010; Bielecka et al.,
2014; Golubkov and Litvinchuk, 2015; Rowe et al., 2016;
Naumenko, 2018; Naumenko and Telesh, 2019).

Seasonal changes in the population of C. pengoi,
starting from the first days of spring water warming,
were studied in Parnu Bay (Ojaveer et al., 2004).
Reproductive peculiarities contribute to the dispersal
and naturalization of this species in new water bodies.
Resting (wintering) eggs, covered with a hard shell that

protects against the effects of adverse factors, retain
their viability during long-distance transportation; in
addition, when sinking to the bottom of a waterbody,
they are able to withstand a water temperature
decrease in winter. During the growing season, along
with the onset of favorable temperature conditions,
the population size may rapidly increase as a result of
intensive parthenogenetic reproduction (Mordukhai-
Boltovskoi and Rivier, 1987; Rivier, 1998). Studies of
the nature of the distribution of resting eggs in the bot-
tom sediments of different parts of the Baltic Sea show
that viable resting eggs of C. pengoi were covered by
bottom sediments at great depths, and hatching of
young individuals from such eggs was difficult in
spring (Katajisto et al., 2013). The largest proportion
of juveniles of C. pengoi hatched from the resting eggs
was observed in shallower areas of the Baltic Sea,
including the eastern part of the Gulf of Finland.

It seems important to take into account the details
and possible changes in the formation of the C. pengoi
population under new environmental conditions. This
study aims to analyze the long-term seasonal timing
and developmental characteristics of the C. pengoi
population over 11 years of observations in the eastern
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part of the Gulf of Finland, a region located north-
wards off the current range of this species.

MATERIALS AND METHODS

Material for the study was collected biweekly from
early May to mid-October in the years 2009—2019 in
Katerlahti Bay, near the city of Primorsk, which is
located onshore from this bay (60°36" N, 28°61" E,
Vyborgskii district, Leningrad region) using a plank-
ton net with a 0.25-m mouth diameter, mesh size
50 mm). Samples were taken in seven replicates. Upon
each sampling, the water temperature (°C), salinity
(%0), and transparency (m) were determined. The
material was fixed with a 4% formalin solution and
subsequently studied using standard techniques. A
total of 2106 individuals of Cercopagis pengoi were ana-
lyzed.

RESULTS

In the period 2009—-2019, only one species of the
genus Cercopagis, C. pengoi, was found in the eastern
part of the Gulf of Finland, as well as earlier in 1997
and 1999 (Litvinchuk, 2001). The individuals of the
first generation hatched from resting (wintering) eggs
were identified in the total pool of specimens studied
(Fig. 1a); these individuals were previously attributed
to Apagis ossiani Mordukhai-Boltovskoi 1968, with
one to four pairs of caudal claws and a characteristic
feature of a shortened and straight caudal appendage.
The individuals of the second and subsequent genera-
tions, i.e., the offspring of parthenogenetic females,
included young females with one pair of caudal claws
without eggs in the brood chamber (it was impossible
to determine whether they belonged to the partheno-
genetic or gamogenetic generations), parthenogenetic
females with one to three pairs of caudal claws with
eggs or embryos in the brood pouch (Fig. 1b), gamo-
genetic females with two or three pairs of caudal claws
with or without resting eggs in the brood pouch, and
males with one or three pairs of caudal claws. The pool
studied also included the warm-water form “gracil-
lima” of C. pengoi, which was characterized by an
elongated brood pouch and caudal claws. Individuals
with an abnormal body shape were noted; they had a
deformed abdomen or smaller distance between the
caudal claws comparing to “typical” individuals,
which might have been caused by a distortion of the
molting process. From 2009 through 2019, individuals
of the first generation accounted for 0.71% of the total
number of specimens studied; individuals of the sec-
ond and subsequent generations of the typical form of
C. pengoi made up 94.50%; the representatives of “gra-
cillima” form, 4.65%; and individuals with an anoma-
lous body shape, 0.14%.

Individuals of the first generation of C. pengoi were
found only in the initial period of population develop-
ment from mid-May to mid-June during the period of
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the lowest water salinity (0.7—1.8 %o) at a water tem-
perature of 11.9—15.7°C (Table 1). The water transpar-
ency in mid-May was relatively high, 1.6 = 0.3 m;
then, it decreased down to 1.1 = 0.2 m in mid-June.
These individuals were recorded in the plankton a
month earlier than the individuals of the second and
subsequent generations. The number of individuals of
the first generation was low and amounted to 0.97—
5.83 ind./m?3.

Parthenogenetic individuals of the second and sub-
sequent generations, as well as gamogenetic individu-
als of C. pengoi, were recorded in plankton from mid-
June through mid-October (Table 1). In 2009, 2010,
and 2015, the C. pengoi population developed only in
the summer months. In 2011, 2012, 2013, 2017, and
2019, individuals of C. pengoi were found in plankton
from late June through mid-August, and, after a short
break in autumn, in mid-September and mid-Octo-
ber. In 2014, 2016, and 2018, C. pengoi developed from
late June through mid-September. In 2018, individuals
of the second and subsequent generations of C. pengoi
appeared at the earliest dates within the study period,
in mid-June (Table 1). The number of individuals of
the second and subsequent generations during the
studied period varied within wide limits. Significant
differences in the abundance of this species were noted
both during the growing season and in different years
of research (Table 1). The lowest abundance of C. pen-
goi (<15 ind./m?) was observed in 2010, 2012, 2017,
and 2019. High values (>100 ind./m?) were recorded
in 2009, 2014, 2015, and 2016. The population of
C. pengoi reached its maximum development in mid-
July of 2016 (836 ind./m?).

Individuals of the second and subsequent genera-
tions of C. pengoi appeared in mid-June at the water
temperature of 15.7 & 1.7°C; the highest average abun-
dance was recorded in mid-July, when the water
warmed up to 19.0 + 2.9°C (Fig. 1c). As the water tem-
perature increased at the end of July up to 20.4 £ 3.6°C,
the abundance of C. pengoi decreased. In mid-Octo-
ber, individuals of the second and subsequent genera-
tions were found in insignificant numbers at the water
temperature of 10.9°C. During the period of mass
development of C. pengoi from late June to mid-
August, the water salinity was 2.3—2.8 %o and the
water transparency was relatively low (1.1—1.5 m).

The form “gracillima” was recorded in the popula-
tion of C. pengoi (abundance of 1.94—19.43 ind./m?)
in the middle of the growing season, during the period
of the greatest water warming, from late June through
late August (17.2—20.4°C). At the end of June 2013
and in the middle of July 2016, only a part of the pop-
ulation was represented by this form. At the end of
August 2016, in mid-June 2018, mid-July 2018, and
late July 2018, at the end of June 2019, and in mid-July
2019, only individuals of the “gracillima” form were
found in the samples. By the end of June 2018, indi-
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Fig. 1. Images of females of various generations and long-term dynamics of Cercopages pengoi and abiotic environmental factors:
(a) an individual of the first generation with two pairs of caudal claws, born from a resting (wintering) egg; (b) parthenogenetic
female of the second and subsequent generations with three pairs of caudal claws; (c) long-term average seasonal changes in the
abundance of C. pengoi (N) and abiotic environmental factors (water temperature (7), water salinity (S), and water transparency
(Tr)) in the eastern part of the Gulf of Finland from early May to mid-October of the years 2009—2019. The X-axis shows the

dates from early May to late October.

viduals were characterized by intermediate traits
between this form and the typical form of C. pengoi.

Individuals of C. pengoi with anomalies of develop-
ment were found only in 2019, at the end of July and at
the end of September, at a low population size and a
relatively low water temperature, 15.2 and 13.5°C,
respectively.

In 2010, 2012, and 2018, only parthenogenetic
females were found in the populations of C. pengoi.
The earliest dates for the appearance of representatives
of the gamogenetic generation in plankton were noted
at the end of June of 2013 and 2016. Moreover, both
gamogenetic females and males appeared at this time.
Gamogenetic females and males were found in plank-
ton until mid-October (2011, 2014, and 2017). In other
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Table 1. Average abundance (ind./m?) of C. pengoi in the eastern part of the Gulf of Finland from early May to mid-October

of the years 2009—2019 and in 1997

Average abundance, dates (dd.mm)
Year 05.05 15.05 31.05 15.06 30.06 15.07 31.07 15.08 31.08 15.09 30.09 15.10
1997* — — — — 56.5 419.00 50.00 8.00 |321.00 — — —
2009 — — 0.00 — — 0.00 [214.94 — 2.07 — — —
2010 — — 0.00 — 0.00 0.00 2.90 0.00 — — — —
2011 — — 0.00 1.13 0.00 14.49 1.36 1.70 16.32 | 42.08 — 1.94
2012 0.00 0.00 0.97 0.00 0.00 0.00 4.86 10.69 0.00 0.97 — —
2013 — 0.00 0.00 0.00 30.49 33.14 0.00 0.00 0.00 0.00 — 1.46
2014 — 1.04 2.33 0.00 1.94 [294.34 2.33 |139.89 2.08 — — 2.27
2015 — 0.97 0.00 0.00 0.00 37.89 74.80 (143.77 |133.09 0.00 — 0.00
2016 0.00 — 5.93 0.00 50.51 |836.40 2.91 1.94 5.83 6.80 0.00 0.00
2017 — 0.00 0.00 1.94 0.00 6.80 6.80 0.00 0.97 4.86 — 0.97
2018 — 0.00 0.00 1.94 10.69 19.43 12.63 11.66 1.94 — — —
2019 — 0.00 0.97 0.00 1.94 14.57 5.83 1.94 0.00 0.97 2.91 —
The asterisk * indicates data from Litvinchuk et al., 2001. The dash “—” indicates no survey carried out. Bold type indicates the samples

in which specimens of the first generation, hatched from resting eggs, have been noted.

Table 2. Average body length (mm) of C. pengoi parthenogenetic females in the eastern part of the Gulf of Finland in early

May—mid-October of the years 2009—2019

Year, Average body length, dates (dd.mm)
parameter |05 05|15.05|31.05 15.06 30.06 15.07 31.07 15.08 31.08 15.09 |30.09|15.10
2009 — - — — — — — — - — - —
2010 — — — — — — — — — — — —
2011 — — — 1.70 — 1.80 — — 1.60 1.61 — -
2012 — - — — - — 1.55 1.55 — 1.70 — -
2013 — - — — 1.88 1.80 - - - — - -
2014 — - — — — - 1.50 1.30 1.60 - — -
2015 — — — — — 1.50 1.45 2.00 — — — —
2016 — — [ 170 — 1.70 1.60 2.00 1.70 2.35 2.00 — —
2017 — — — — — 1.77 1.80 — — — — 12.00
2018 — - — 1.73 1.35 1.53 1.75 1.85 — - - -
2019 - - — — 2.00 1.80 1.50 — — - — -
Average body
le;‘ft:;gnms)’ 0.00 | 0.00 | 1.70 |1.72 £ 0.02| 1.73 + 0.28 | 1.69 + 0.14 [ 1.65 + 0.20 | 1.68 + 0.27 | 1.98 + 0.53| 1.73 % 0.19 | 0.00 | 2.00
(Xt SD)
The dash “—” indicates no survey carried out or the collected samples lacked adult females. The bold type indicates the average body

length of specimens of the first generation (with four pairs of caudal claws) hatched from resting eggs.

years, gamogenetic individuals were found from mid-
July. The age composition of the population varied
widely. In 2011, 2013, 2017, and 2019, young females
with one pair of caudal claws and without eggs formed
the main part of the population from late September to
mid-October.

The average body length of adult parthenogenetic
females at the beginning and end of the growing sea-
BIOLOGY BULLETIN  Vol. 48
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son was greater than that in the middle of the season,
1.70—2.00 and 1.65—1.69 mm, respectively (Table 2).
The length of an individual of the first generation
hatched from a resting egg at the late stage of develop-
ment (four pairs of caudal claws) was 1.7 mm.

The fecundity of individuals of the first generation
was 5—12 embryos per female (Table 3). The number
of embryos in parthenogenetic females varied widely
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Table 3. Average fecundity of C. pengoi parthenogenetic females (number of embryos per female) in the eastern part of the

Gulf of Finland in early May—mid-October, 2009—2019

Year, Average fecundity, dates (dd.mm)
parameter | 505 | 15.05 31.05 15.06 30.06 15.07 31.07 15.08 31.08 15.09 30.9 |15.10
2009 — - — - - — 4.29 — - - - —
2010 — — — — - — 6.00 — - — — —
2011 — — — 12.00 — 7.00 6.00 — 5.50 3.38 — —
2012 — — 5.00 - — — 6.00 6.00 - 6.00 - —
2013 — — - — 6.67 6.00 - — - - — —
2014 — - — - 20.00 4.25 4.50 5.50 5.50 — — —
2015 — — - - - 7.33 9.00 6.00 6.33 — — —
2016 — - 10.33 — 7.40 5.93 — 6.00 10.33 6.00 — —
2017 — — — — — 12.33 6.25 6.75 8.00 — — —
2018 — - — 12.00 5.75 9.75 6.40 9.75 4.00 — — -
2019 — — 11.00 - 9.50 8.50 3.25 — - — - —
Average
fecundity,
all seasons 0.00 | 0.00 [8.78 £3.29| 12.00 |{9.86 £ 5.83(7.64 £2.53|5.93 £ 1.65|6.67 £ 1.56|6.61 £2.24|5.13 £ 1.51 | 0.00 | 0.00
(Xt SD)
The dash “—” indicates no survey carried out or the collected samples lacked adult females. Bold type indicates the fecundity of speci-

mens of the first generation (with four pairs of caudal claws) hatched from resting eggs.

during the study period. The minimum number, two
embryos, was noted in mid-September 2011. The max-
imum fecundity of parthenogenetic females,
20 embryos per female, was recorded at the end of
June 2014. The average fecundity of parthenogenetic
females of C. pengoi was higher at the initial stages of
population development. From late May to late June,
the average number of embryos per female was 9.86—
12.00 (10.24 = 4.83). In the subsequent periods, from
mid-July to mid-September, fecundity was 5.13—7.64
(6.49 £ 2.04) embryos (Table 3).

Gamogenetic females with resting eggs were found
in the C. pengoi population from late July to mid-
October 2009, 2011, 2015—2017; all of them usually
had one resting egg each. In 2015, two females had two
resting eggs each in the brood chamber. The diameter
of the resting eggs varied from 0.25 to 0.40 um. In
2017, a gamogenetic female in the brood pouch had
one “typical” resting golden egg with a diameter of
0.40 um and two dark-gray small undeveloped resting
eggs (0.15 and 0.20 um).

DISCUSSION

In the central part of the Caspian Sea, earlier devel-
opment of individuals of the first generation of C. pen-
goi was noted at the end of April (Mordukhai-
Boltovskoi and Riv’er, 1987) compared to the middle
of May in the Gulf of Finland (original data) and
Parnu Bay (Simm and Ojaveer, 2006). In these bays of
the Baltic Sea, the development of individuals from
resting eggs begins when the water warms up to 11—

12°C and lasts for about one month, from mid-May to
mid-June.

When comparing the timing of the appearance of
representatives of the second and subsequent genera-
tions of C. pengoi in plankton, it has been reported that
these individuals are found already in April and May
in the southern parts of its native range, i.e., in the
Bulgarian Gebedzhinskoe Lake (Beloslavskoe)
located on the Black Sea coast, in the Caspian Sea,
and in the Dnieper—Bug estuary (Valkanov, 1951;
Markovskii, 1954; Rivier and Mordukhai-Boltovskoi,
1966). In the eastern part of the Gulf of Finland (orig-
inal data) and in Parnu Bay (Ojaveer et al., 2004),
these individuals develop Ilater, starting from mid-
June.

In autumn, the disappearance of C. pengoi from
plankton is noted in mid-October in the eastern part of
the Gulf of Finland, similarly to that observed in the
water bodies of the Black Sea basin and in the Caspian
Sea (Valkanov, 1951; Mordukhai-Boltovskoi, 1967).
In Piarnu Bay, the last individuals of the second and
subsequent generations of C. pengoi are recorded at the
end of September (Ojaveer et al., 2004).

In the eastern part of the Gulf of Finland, in mid-
July 1997, the maximum abundance of C. pengoi was
419 ind./m? (Litvinchuk et al., 2001). In 2016, also in
mid-July, the abundance reached 836 ind./m3. In
Parnu Bay in mid-July 2001, the maximum abundance
of this species was 550 ind./m? (Ojaveer et al., 2004).

In 2009—2019, in the eastern part of the Gulf of
Finland, the individuals of the second and subsequent
generations appeared at the beginning of the season at
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a water temperature of 15.7°C. The population
reached its maximum development at 19.0°C, but
when the water warmed up above 20.0°C, the abun-
dance of C. pengoi decreased. The last individuals were
recorded in plankton in autumn at 10.9°C. In Parnu
Bay, a similar pattern of development of the popula-
tion of C. pengoi was noted: at the beginning of devel-
opment of the population, the water temperature was
15°C; the abundance of C. pengoi reached its maxi-
mum at 17—19°C and then decreased as the water tem-
perature exceeded 20°C. The last individuals were
recorded in autumn at 12°C (Ojaveer et al., 2004).

The form “gracillima” of C. pengoi in the eastern
part of the Gulf of Finland developed in insignificant
numbers during the warmest season; these individuals
were found both separately and together with the typ-
ical form and were reported for the northern part of
the Caspian Sea (Mordukhai-Boltovskoi and Rivier,
1987).

Individuals with anomalies of development were
found for the first time during the present study. The
reasons for the appearance of such individuals in the
population are not yet clear. Disruptions of the molt-
ing process may be related to environmental condi-
tions, but it is still a question under discussion.

The structure of the C. pengoi population in differ-
ent years (2009—2019) varied markedly. In some years,
individuals of the gamogenetic generation were not
recorded at all in the population. In other years,
gamogenetic individuals developed in the population;
they appeared in late June to mid-July. In 1997, in the
eastern part of the Gulf of Finland, gamogenetic indi-
viduals developed from mid-July (Litvinchuk et al.,
2001), and in Parnu Bay, from early July (Simm and
Ojaveer, 2006). In Gebedzhinskoe Lake (Black Sea
basin), gamogenetic females and males appeared in
the population in June (Valkanov, 1951), and in the
Caspian Sea, in August (Mordukhai-Boltovskoi,
1967). In the Caspian Sea, representatives of the
gamogenetic generation were rare (Mordukhai-
Boltovskoi and Rivier, 1987) and they were not
recorded at all in the water bodies of the Dnieper River
basin (Glamazda, 1971; Mordukhai-Boltovskoi, 1965;
Mordukhai-Boltovskoi and Galinskii, 1974).

In some years, in autumn (end of September—mid-
October), young females with one pair of caudal claws
without eggs dominated in the population of C. pengoi.
It was impossible to determine whether these females
belonged to the parthenogenetic or gamogenetic gen-
eration, but considering the timing of their develop-
ment in late autumn, we assumed that these were
young gamogenetic females.

The average body length of adult parthenogenetic
females in the eastern part of the Gulf of Finland was
maximum (1.98 £ 1.53 mm) at the end of the growing
season. In Parnu Bay, the average length of adult par-
thenogenetic females was 2.06 £ 0.04 mm (Simm and
Ojaveer, 2006). In the southern parts of the range, i.e.,
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in the Sea of Azov, the Caspian Sea, and the Tsimly-
ansk Reservoir, the body length of adult parthenoge-
netic females was 2.00 mm (Mordukhai-Boltovskoi
and Rivier, 1987).

In the eastern part of the Gulf of Finland, the
fecundity of individuals of the first generation was 5—
12 embryos per female (9.3 * 3.8). In Parnu Bay, the
fecundity of individuals of the first generation was
higher and averaged 11.6 = 1.0 embryos per female
(Simm and Ojaveer, 2006).

In 2009—-2019, in the eastern part of the Gulf of
Finland, the fecundity of parthenogenetic females of
C. pengoi was higher at the beginning of the growing
season than later, in the middle and the end of season,
when it was 10.2 and 6.5 embryos per female, respectively.
The average seasonal fecundity was 7.2 * 3.0 embryos per
female. The maximum number of embryos per female
(20) was recorded at the beginning of the summer of
2014. In the eastern part of the Gulf of Finland, in
1997, at the beginning of the season, the fecundity was
also higher than in subsequent periods (16.6 embryos
per female). The average fecundity for the season was
6.7 £ 4.2 embryos per female, and the maximum
number of embryos per female (24) was noted at the
beginning of July 1997 (Litvinchuk et al., 2001). In
Parnu Bay, in the years 1997—2003, the average fecun-
dity of parthenogenetic females per season was 10.2 =
0.3 embryos and the maximum fecundity (15 embryos
per female) was recorded at the end of June (Simm
and Ojaveer, 2006). In the Vistula Lagoon, in 1999,
fecundity averaged 13.0 embryos per female; in 2006,
this value was lower and was 7.0 embryos per female
(Polunina, 2014). In the Caspian Sea, the average
fecundity of parthenogenetic females was 13 embryos
(Mordukhai-Boltovskoi and Riv’er, 1987). In Geb-
edzhinskoe Lake, up to ten embryos per female were
recorded (Valkanov, 1951). Therefore, the highest
fecundity of parthenogenetic females at the beginning
of the season and the maximum number of embryos
per female were noted in the eastern part of the Gulf of
Finland in 1997. The highest average seasonal fecun-
dity of parthenogenetic females was observed in the
Vistula Lagoon in 1999; it was similar to the fecundity
of parthenogenetic females from the Caspian Sea.

In the eastern part of the Gulf of Finland, in the
period 2009—2019, gamogenetic females of C. pengoi
with resting eggs were observed from late July through
mid-October. The frequency of their occurrence
during the season was low; these females were found
for only five years of the entire study period. In other
years, they were not found. Fecundity was equal to one
or two, rarely three (one egg of normal size, two
underdeveloped), resting eggs. In the eastern part of
the Gulf of Finland, in 1997, gamogenetic females
with eggs were found from mid-July. Most of the
females carried one to two resting eggs in the brood
pouch, and the maximum number of eggs per female
was three (Litvinchuk et al., 2001). In Parnu Bay,
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gamogenetic females with resting eggs were found
from late June through late September in the years
1997—2003; their fecundity was one to two resting eggs
per female (Simm and Ojaveer, 2006). In the Vistula
Lagoon, in 2000, 2001, and 2006, females carried one
to three resting eggs (Polunina, 2014). In the Caspian
Sea and in Lake Ontario, one to two resting eggs per
female were recorded (Mordukhai-Boltovskoi, 1967,
Maclsaac et al., 1999), while in Gebedzhinskoe Lake
and in the Aral Sea, it was one resting egg (Zernov,
1903; Valkanov, 1951). It is interesting to note that in
the southeastern part of the Baltic Sea, in early August
1999, gamogenetic females of C. pengoi with four rest-
ing eggs in the brood pouch were registered (original
unpublished data). This was the maximum number of
eggs per female recorded for this species.

CONCLUSIONS

During the study of long-term seasonal changes in
the population of C. pengoi in the eastern part of the
Gulf of Finland, the timing and peculiarities of the
development of particular stages and age groups were
assessed. The duration of development of the C. pengoi
population is shorter in the eastern part of the Gulf of
Finland compared to that in the Ponto-Caspian
region. The timing of the development and fecundity
of individuals of the first generation has been speci-
fied. The species abundance is higher compared to the
other parts of the range, despite the fact that more
than 25 years have passed since the introduction of
this species into the eastern part of the Gulf of Fin-
land. Representatives of the gamogenetic generation
were not recorded in the population in certain years.
The fecundity of parthenogenetic females of C. pengoi
in the eastern part of the Gulf of Finland was higher in
the first years after invasion.

It is important to continue seasonal studies of the
C. pengoi population in the eastern part of the Gulf of
Finland. This will make it possible to estimate the
changes in the timing of development and the pecu-
liarities of the biology of this species in the northern
parts of its range.

ACKNOWLEDGMENTS

The author is grateful to S.M. Golubkov, M.S. Golub-
kov, A.A. Maksimov, and M.I. Orlova for invaluable assis-
tance in field studies. My special gratitude goes to the staff
of VOSVOD (Russian Society of Saving on Water, a mem-
ber of the International Life Saving Federation), the Rescue
Station in Primorsk (Leningrad region), to Andrei A. Gro-
mov, the Head of the Station, and to Vasilii V. Lagov for
providing the opportunity to collect zooplankton samples in
Katerlahti Bay, near Primorsk.

LITVINCHUK

FUNDING

This study was supported by the Ministry of Science and
Higher Education of the Russian Federation (theme no.
AAAA-A19-119020690091-0), the State Assignment
“Stock Collections of the Zoological Institute,” and in part
by the St. Petersburg Scientific Center of the Russian Acad-
emy of Sciences within the ER-55 ADRIENNE program of
cross-border cooperation “Estonia—Russia” for 2014—
2020.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest. The authors declare that they have no
conflict of interests.

Statement on the welfare of animals. All applicable inter-
national, national, and/or institutional guidelines for the
care and use of animals were followed.

REFERENCES

Antsulevich, A. and Valipakka, P., Cercopagis pengoi—new
important food object of the Baltic herring in the Gulf of
Finland, Int. Rev. Hydrobiol., 2000, vol. 85, pp. 609—619.

Avinski, V., Cercopagis pengoi—a new species in the eastern
Gulf of Finland ecosystem, in Proceedings of the Final Sem-
inar of the Gulf of Finland, March 17—18, 1996, Helsinki,
Finland, Sarkkula, J., Ed., Helsinki: Suomen Ymparistoke-
skus, 1997, pp. 247—256.

Bielecka, L., Zmijewska, M.I., and Szymborska, A., A new
predatory cladoceran Cercopagis (Cercopagis) pengoi (Os-
troumov 1891) in the Gulf of Gdansk, Oceanologia, 2000,
vol. 42, pp. 371-374.

Bielecka, L., Krajewska-Soltys, A., and Mudrak-Cegiotka, S.,
Spatial distribution and population characteristics of the in-
vasive cladoceran Cercopagis pengoi in the Polish coastal
zone seven years after the first record, Oceanol. Hydrobiol.
Stud., 2014, vol. 43, pp. 201—-210.

Glamazda V.V., On the record of Cercopagis pengoi (Ostr.)
in the Tsimlyansk Reservoir, Gidrobiol. Zh., 1971, vol. 7,
no. 3, pp. 70—71.

Golubkov, S.M. and Litvinchuk, L.F., The role of the alien
species Cercopagis pengoi in zooplankton of the eastern Gulf
of Finland of the Baltic Sea, Dokl. Biol. Sci., 2015, vol. 462,
pp. 115—117.

Golubkov, S.M., Maximov, A.A., Golubkov, M.S., and
Litvinchuk, L.F., A functional shift in the ecosystem of the
eastern Gulf of Finland caused by natural and anthropo-
genic factors, Dokl. Biol. Sci., 2010, vol. 432, pp. 198—200.

Gorokhova, E., Aladin, N., and Dumont, H.J., Further ex-
pansion of the genus Cercopagis (Crustacea, Branchiopoda,
Onychopoda) in the Baltic Sea, with notes on the taxa pres-
ent and their ecology, Hydrobiologia, 2000, vol. 429,
pp. 207-218.

Katajisto, T., Karjala, L., and Lehtiniemi, M., Fifteen years
after invasion: egg bank of the predatory cladoceran Cerco-
pagis pengoi in the Baltic Sea, Mar. Ecol., Progr. Ser., 2013,
vol. 482, pp. 81-92.
Krylov, P.I., Bychenkov, D.E., Panov, V.E., Rodionova, N.V.,
and Telesh, 1.V., Distribution and seasonal dynamics of the
Ponto-Caspian invader Cercopagis pengoi (Crustacea, Cla-
BIOLOGY BULLETIN  Vol. 48

No. 8 2021



LONG-TERM AND SEASONAL DYNAMICS OF THE POPULATION

docera) in the Neva estuary (Gulf of Finland), Hydrobiolo-
gia, 1999, vol. 393, pp. 227—-232.

Litvinchuk, L.F., Morphological variation of the predatory
cladocerans of family Cercopagidae (Cruastacea), Proc.
Zool. Inst. Russ. Acad. Sci., 2001, pp. 125—132.

Litvinchuk, L.F., Ecological role of invading species Cerco-
pagis pengoi (Cructacea, Cladocera) in the Gulf of Finland
and in the Baltic Proper, in 15th International Conference of
Aquatic Invasive Species, Nijmegen, The Netherlands, 2007,
p. 144.

Litvinchuk, L.F. and Telesh, 1.V., Distribution, population
structure, and ecosystem effects of the invader Cercopagis
pengoi (Polyphemoidea, Cladocera) in the Gulf of Finland
and the open Baltic Sea, Oceanologia, 2006, vol. 48,
pp. 243-257.

Litvinchuk, L.F., Rivier, 1.K., and Panov, V.E., Population
dynamics, population structure, and fertility of the Black
Sea—Caspian cladoceran Cercopagis pengoi (Ostroumov,
1891) (Polyphemoidea, Cercopagidae) in the eastern part of
the Gulf of Finland of the Baltic Sea, Biol. Vautr. Vod, 2001,
no. 1, pp. 57—-62.

Maclsaac, H.J., Grigorovich, 1.A., Hoyle, J.A., et al., Inva-
sion of Lake Ontario by the Ponto Caspian predatory cla-
doceran Cercopagis pengoi, Can. J. Fish. Aquat. Sci., 1999,
vol. 56, pp.1-5.

Markovskii, Yu.M., Fauna bespozvonochnykh nizov’ev rek
Ukrainy, usloviya ee sushchestvovaniya i puti ispol’zovaniya
(Fauna of Invertebrates in the Lower Reaches of the Rivers
of Ukraine, Conditions of Its Existence and Ways of Use),
Kiev: Akad. Nauk USSR, 1954, Ch. 2.

Mordukhai-Boltovskoi F.D., Caspian polyphemids in Don
and Dnieper reservoirs, in Ekologiya i biologiya presnovod-
nykh bespozvonochnykh (Ecology and Biology of Freshwater
Invertebrates), Moscow: Nauka, 1965, pp. 37—44.

Mordukhai-Boltovskoi, F.D., On the males and gamoge-
netic females of the Caspian Polyphemidae (Cladocera),
Crustaceana, 1967, vol. 12, pp. 113—123.

Mordukhai-Boltovskoi, F.D. and Galinskii V.L., On the
further distribution of the Caspian polyphemoids in the res-
ervoirs of the Ponto-Caspian rivers, Biol. Vautr. Vod: In-
Jorm. Byull., Leningrad, 1974, no. 21, pp. 40—44.

Mordukhai-Boltovskoi, F.D. and Rivier, 1.K., Khishchnye
vetvistousye Podonidae, Polyphemidae, Cercopagidae i Lept-
odoridae fauny mira (Predatory Cladocerans Podonidae,
Polyphemidae, Cercopagidae, and Leptodoridae of the
Fauna of the World), Leningrad: Nauka, 1987.

Naumenko, E.N., Seasonal and long-term dynamics of
population abundance of the invasive species Cercopagis
pengoi (Ostroumov, 1891) in the Vistula (Kaliningrad) La-
goon of the Baltic Sea, Russ. J. Biol. Invasions, 2018, vol. 9,
pp. 147—154.

Naumenko, E.N. and Polunina, Yu.Yu., New Cladocera
species— Cercopagis pengoi (Ostroumov, 1891) (Crustacea)
in the Vistula Lagoon on the Baltic Sea, C.M. Documents—
International Council for the Exploration of the Sea, 2000,
vol. 14, p. 8.

BIOLOGY BULLETIN Vol.48 No.8 2021

1209

Naumenko, E.N. and Telesh, 1.V., Impact of the invasive
species Cercopagis pengoi (Ostroumov, 1891) on the struc-
tural and functional organization of zooplankton in the Vis-
tula Lagoon of the Baltic Sea, Russ. J. Biol. Invasions, 2019,
vol. 10, no. 3, pp. 246—257.

Ojaveer, H., Simm, M., Lankov, A., and Lumberg, A.,
Consequences of invasion of a predatory cladoceran, C. M.
Documents— International Council for the Exploration of the
Sea, 2004, vol. 16, pp. 1—14.

Ojaveer, H., Simm, M., and Lankov, A., Population dy-
namics and ecological impact of the non-indigenous Cerco-
pagis pengoi in the Gulf of Riga (Baltic Sea), Hydrobiologia,
2004, vol. 522, pp. 261—-269.

Polunina, Yu.Yu, Populations of two predatory cladocerans
in the Vistula Lagoon—the native Leptodora kindti and
non-indigenous Cercopagis pengoi, Oceanol. Hydrobiol.
Stud., 2005, vol. 34, pp. 249—260.

Polunina, Yu.Yu., Reproductive strategy of the alien Ponto-
Caspian cladocerans Cercopagis pengoi (Ostroumov, 1891)
in the Baltic Sea (by example of the Vistula Lagoon), Russ.
J. Dev. Biol., 2014, vol. 45, no. 5, pp. 280—286.

Rivier, 1.K., The Predatory Cladocera (Onychopoda: Podo-
nidae, Polyphemidae, Cercopagidae) and Leptodorida of the
World, Leiden: Backhuys, 1998.

Rivier, I.K. and Mordukhai-Boltovskoi, F.D., Materials on
the biology of the Caspian polyphemids, in Plankton i ben-
tos vautrennikh vodoemov (Plankton and Benthos of Inland
Water Bodies), Moscow: Nauka, 1966, pp. 159—169.

Rowe, O.F., Guleikova, L., Brugel, S., Bystrom, P., and
Andersson, A., A potential barrier to the spread of the inva-
sive cladoceran Cercopagis pengoi (Ostroumov, 1891) in the
northern Baltic Sea, Region. Stud. Mar. Sci., 2016, vol. 3,
pp. 8—17.

Simm, M. and Ojaveer, H., Taxonomic status and repro-
duction dynamics of the non-indigenous Cercopagis in the
Gulf of Riga (Baltic Sea), Hydrobiologia, 2006, vol. 554,
pp. 147—154.

Telesh, 1.V., Bolshagin, P.V., and Panov, V.E., Quantitative
estimation of the impact of the alien species Cercopagis pen-
goi (Crustacea: Onychopoda) on the structure and func-
tioning of plankton community in the Gulf of Finland, Bal-
tic Sea, Dokl. Biol. Sci., 2001, vol. 377, no. 1, pp. 157—159.

Uitto, A., Gorokhova, E., and Vilipakka, P., Distribution of
the non-indigenous Cercopagis pengoi in the coastal waters of
the eastern Gulf of Finland, ICES J. Mar. Sci., Suppl., 1999,
vol. 56, pp. 49—57.

Valkanov A., Studies of the upper Cercopagis pengoi (Ostr.)
(Cladocera, Polyphemidae), Tr. Morsk. Biol. Stn., Varna,
1951, vol. 16, pp. 65—8]1.

Zernov S.A., On the animal plankton of the Aral Sea based
on materials collected by L.S. Berg in 1900, Nauchn. Re-
zul’t. Aral. Eksped., 1903, no. 3, pp. 1-38.

Zmudzinski, L., Cercopagis pengoi (Cladocera) conquered
the southern Baltic Sea, Baltic Coastal Zone, 1998, vol. 2,
pp. 95-96.

Translated by D. Martynova



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES

		2021-12-20T18:04:09+0300
	Preflight Ticket Signature




