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Abstract. Uncontrolled dispersal of species in aquatic ecosystems has become one of the most important environmen-
tal problems. The main reason for the acceleration of this process is human economic activity. Aquatic ecosystems are
particularly susceptible to attacks by alien species, and the main vector is the discharge of ballast water. Despite the
fact that most alien species do not take root, there are species that successfully naturalize in recipient reservoirs. The
impact of alien species on aboriginal communities is usually characterized by ambivalence. The Kaliningrad (Vistula)
Lagoon, which has 5 ports in its water area, has also been attacked by alien species. The most powerful invasions oc-
curred in 1988 (polychaetes of the genus Marenzelleria), in 1999 (predatory branchial crustaceans Cercopagis pengoi)
and in 2010 (bivalves Rangia cuneata).These alien species had a multidirectional impact on food supply of commer-
cial fish species. The first large-scale introduction of Marenzelleria spp. the structure of the bottom community has
changed, the role of Chironomidae in the food supply has sharply decreased. The result was a decrease in the catch
of Abramis brama, whose favorite food is of Chironomidae. The second large-scale invasion, of predatory Ponto-
Caspian cladoceran C. pengoi, changed the structure of the planktonic community of the lagoon. There was a decrease
in zooplankton biomass, as a result of which competition for feed resources turned out to be not in favor of the juve-
nile of Clupea harengus, the main planktophage. The third large-scale invasion of North American bivalve R. cuneata,
the most powerful filter, affected the planktonic and bottom communities of the lagoon. The biomass of zooplankton
decreased sharply, which created increased trophic conditions among planktophages fish and led to a decrease in
catch. At the same time, the phenomenon of Atlantic rangia had a positive effect on other groups of the bottom com-
munity, which contributed to an increase in the catch of mollusk-eating fish, the main of which is of Rutilus rutilus.
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AnHoTanusi. HekoHTposmpyemoe paccesieHHe BHAOB B BOJHBIX SKOCHCTEMax CTajo OAHOM M3 BakHeHImX mpobiem
sKosoruy. OCHOBHOM NMPUYMHON YCKOPEHHsI 3TOTO IpoLiecca CIIYXKHUT XO3SMCTBEHHAs AESTENbHOCTh YeaoBeka. BoaHele
9KOCHUCTEMBI OCOOEHHO MOIBEPKEHBI aTaKaM Uy>KEPOAHBIX BUIOB, U OCHOBHBIM ITyTEM pacCeNIeHHs sBIsieTcst copoc Oan-
7acTHEIX BoJ. HecMOTpst Ha TO, 9TO OONBIIMHCTBO Uy>KEPOHBIX BUOB HE MPIDKUBACTCS, €CTh BUBI, KOTOPHIE YCIIEIITHO
HaTypaqu3yloTcsl B BOJOEMax-peluIieHTaX. Bo3elicTBIe BHOB-BCENICHIIEB Ha a0OpUTeHHbIe COOOIIEecTBa, KaK MpaBU-
70, XapakTepusyercss aMOMBaJieHTHOCTBI0. KammuuHrpanckuit (Bucimuckuit) 3ainmB, MMEIOmuil Ha CBOSH aKBaTOPUH
5 MopTOB, TAKKE IOABEPICs aTakaM JyKepoAHBIX BUA0B. Hanbonee momiHble BeeneHust nmpousonuty B 1988 r. (mommxe-
ThI pona Marenzelleria), B 1999 r. (xuiiHsle BeTBUCTOYChIe pakooOpasubie Cercopagis pengoi) u B 2010 r. (1BycTBOpUa-
Thle MOJUTIOCKM Rangia cuneata). OTH BHIBI-BCENCHIIBI OKa3ad PAa3HOHANPABICHHOE BO3JCHCTBHE HA KOPMOBYIO 0asy
MPOMBICIIOBBIX BUIOB pbIO. IlepBoe macuirabHoe Bcenenue Marenzelleria spp. U3MEHWIO CTPYKTYPY AOHHOTO cOOOIIe-
CTBa, PE3KO CHU3HJIACh POJIb XMPOHOMHI B KOPMOBOH Oaze. Pe3ynbraToMm sSIBUIOCH YMEHBILIEHHE BIIOBA JIELIA, H3ITI00-
JIEHHOH TTHIIE KOTOPOTO SIBILIOTCS XMPOHOMHIBL. BTopoe MacmTabHOe BCeneHne, XUITHBIX TOHTO-KaCIHHCKIX BETBHU-
cToychIX paukoB C. pengoi, I3MEHIIO CTPYKTYPY INIAHKTOHHOTO COO0IIEecTBa 3aiiBa. [Ipon3omnio cHImKeHne GHoMacchl
300IUIAHKTOHA, B Pe3yJIbTaTe 4ero KOHKYPCHIINS 32 KOPMOBEIE PECYPCHI OKa3aslach HE B TOJIb3Y CETOJICTKOB OaNTHHCKOM
CeJbN, OCHOBHOTO IUTaHKTO(ara. Tperbe MacmTaOHOE BCEJICHHE, CEBEPOAMEPUKAHCKUX ABYCTBOPYATHIX MOJUIIOCKOB
R. cuneata, mouineiimero GuabTpaTopa, CKa3auoch Ha INIAHKTOHHOM U JIOHHOM COOOIIecTBax 3aiauBa. bromacca 300-
IUTAHKTOHA PE3KO CHU3HMJIACH, YTO CO3JAJI0 HAIPSHKCHHBIE TPO(PUUECKUE YCIOBHS CPEIH PhIO-TUIaHKTO(hAroB U MPUBEIIO
K CHIDKEHHUIO BBUIOBA. B TO ke Bpems mosiBeHue R. cuneata TONIOXKUTENBHO CKa3aJI0Ch HA JIPYTUX IPYMIIax JOHHOTO CO-
001I1eCTBa, YTO MOCTIOCOOCTBOBATIO POCTY BBUIOBA PHIO-MOJITIOCKOEAO0B, TTTaBHBIM U3 KOTOPBIX SIBIAETCS MIOTBA.

KnroueBbie cioBa: Kammnunrpanckuii (BucianHcknii) 3ainuB, OHOIOrMYecKre HHBA3WH, IUIAHKTOHHOE M JIOHHOE CO-
ob1ecTBa, KopMoBas 06a3a prI0, BBUIOB PHIO

BaarogapHocTn: paboTa BBEINONHEHA B COOTBETCTBHM C TOCYJapCTBEHHBIM 3aJaHHEM ATJIAHTHUECKOro (rumana
OI'BHY «BHHUPO» na 2024 r. Ne 076-00001-24-00.
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Introduction

The Kaliningrad (Vistula) Lagoon is located in the
southeastern part of the Baltic Sea and, due to its loca-
tion, is subject to intense anthropogenic impact; there
are 5 ports in its waters. One of the results of economic
activities consists in biological invasions. Most inva-
sive species do not take root, but some of them cause
large-scale environmental consequences and signifi-
cant economic damage [1].

Aquatic invasions can affect biodiversity and the
ecosystem at various levels, for example, by displacing
native species, disrupting trophic relationships and
changing nutrient flows [2-5]. Alien species enter wa-
ter bodies in various ways. The main vectors of their
spread are natural dispersal, intentional and uninten-
tional acclimatisation, ballast water of ships etc. [6].

The Vistula Lagoon has also been subjected to “at-
tacks” by alien species, the most widespread of which
were immigration into the planktonic community,
Cercopagis (Cercopagis) pengoi (Ostroumov, 1891) in
1999 [7] and benthic — polychaetes of the genus Ma-
renzelleria Mesnil, 1896 (M. neglecta Sikorski and
Bick, 2004 and M. viridis (Verrill, 1873)) in 1988
and Rangia cuneata (G. B. Sowerby 1, 1832) in 2010.
The main vector of penetration of alien species into the
planktonic and bottom communities of the lagoon is the
ballast water of ships [8]. Under the current conditions,
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the stocks of most species of aquatic biological re-
sources remain relatively stable, the dynamics of their
numbers and biomass are mainly determined by natural
causes (spawning conditions, development in the first
year of life, food supply), which in turn allows for stable
extraction of aquatic biological resources [9, 10].

The study was aimed at assessing the impact of in-
vasive species that have penetrated the planktonic and
benthic communities of the Kaliningrad (Vistula) La-
goon on the food supply and fish catch.

Material and methods

The materials were zooplankton and zoobenthos
samples collected in the Kaliningrad (Vistula) Lagoon
from 1980 to 2020. Samples were taken once a month,
from April to November, at nine standard stations
(Fig. 1), the location of the stations corresponded to
the hydrological division of the lagoon [11].

Zooplankton samples were integrally collected with
a Dyachenko-Kozhevnikov planktobathometer with
a volume of 5 1 from three horizons (surface 0.5 m,
middle 1.5 m and lower 2.5 m) and fixed with 4% for-
malin with sucrose. Further processing was performed in
the laboratory with the accepted method [12]. The bio-
mass of zooplankton organisms was determined from the
dependence of body weight on the length of an individu-
al with the programme of E. V. Shchukina was used.
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Fig. 1. Study area and location of stations in the Kaliningrad (Vistula) Lagoon

Zoobenthos was collected by a Petersen grab with
a capture area of 0.025 m’. Samples were washed in
a benthic bag having 0.5 mm mesh size and fixed with
4% formalin. Further processing was performed in the
laboratory with the accepted method [13]. The syno-
nyms of identified taxa are given in accordance with
the World Register of Marine Species [14].

Statistical data on the catch of aquatic biological
resources in the Kaliningrad (Vistula) Lagoon are pro-
vided by the West Baltic Territorial Administration
of the Federal Agency for Fisheries.

The data were ranked into four periods: the first
one — 1980-1987 — before the introduction of alien
species, the second one — 1988-1998 — the introduction
and influence of polychaetes of the genus Marenzeller-
ia, the third one — 1999-2009 — the introduction and
influence of the cladoceran Cercopagis (Cercopagis)
pengoi and the fourth one — 2010-2020 — the introduc-
tion and influence of the bivalves Rangia cuneata.
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Since the data series did not have a normal distri-
bution and homogeneity of variances, the Kruskal-
Wallis test (H) was used. To determine the relationship
between the biomasses of individual groups of zoo-
plankton, zoobenthos and the catch of the main com-
mercial fishes, Spearman’s rank correlation was calcu-
lated. In all analyses, the significance level was set at
p = 0.05. Mean values (M) and standard error of the
mean (+ SE) were calculated. For descriptive statistics,
Spearman’s rank correlation and Kruskal-Wallis test,
the statistical package Statistica version 6.0 was used.

Research results

Zooplankton. The statistically significant differ-
ences in the biomass of Copepoda were not found be-
tween the study periods (H = 5.263, p = 0.3846).
The biomass varied from 729.87 + 306.55 to 871.18 +
+241.61 mg/m’ (Fig. 2, a).
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Fig. 2. Biomass dynamics of the main zooplankton groups (M =+ SE)
in the Kaliningrad (Vistula) Lagoon in 1980-2020: @ — Copepoda; b — Cladocera
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Fig. 2 (ending). Biomass dynamics of the main zooplankton groups (M + SE)
in the Kaliningrad (Vistula) Lagoon in 1980-2020: ¢ — Rotifera

For Cladocera statistically significant differences
in biomass were noted between the studied periods
(H =9.141, p = 0.0275). Minimum biomasses of Cla-
docera were recorded in the period before the introduc-
tion of C. pengoi in 1980-1987 (197.21 + 136.76 mg/m’)
and 1988-1998 (207.06 £ 69.55 mg/m’). In 1999-2009
biomass sharply increased and averaged 526.41 +
+ 102.43 mg/m’. After the introduction of the R. cune-
ata, the biomass of Cladocera decreased to 322.38 +
+ 108.84 mg/m’ in 2010-2020 (Fig. 2, b).

The statistically significant differences in the bio-
mass of Rotifera between the periods studied were not
found (H = 5.314, p = 0.1502). The maximum biomass
was recorded in 1980-1987 (108.02 + 30.83 mg/mB).
Then the biomass decreased and the minimum values
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were recorded after the introduction of C. pengoi
in 1999-2009 (48.30 + 10.21 mg/m’) and R. cuneata
in 2010-2020 (44.16 + 21.29 mg/m’) (Fig. 2, ¢).

Zoobenthos. For Chironomidae statistically signif-
icant differences in biomass were recorded between
the studied periods (H = 12.667, p = 0.0054). Before
the appearance of the invasive species in 1980-1987,
the biomass of Chironomidae was 13.53 + 1.61 g/m’.
After the introduction of polychaetes of the genus Ma-
renzelleria in 1988-1998, minimal biomasses were
recorded 5.97 + 1.37 g/m”. Then the biomass gradually
increased and its maximum reached after the introduc-
tion of R. cuneata in 2010-2020 (23.52 + 5.16 g/m’)
(Fig. 3, a).
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Fig. 3. Biomass dynamics of the main zoobenthos groups (M = SE) in the Kaliningrad (Vistula) Lagoon in 1980-2020:
a — Chironomidae; b — Oligochaeta; ¢ — Polychaeta; d — Bivalvia
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The statistically significant differences in the bio-
mass of Oligochaeta were not found between the stud-
ied periods (H = 5.535, p = 0.1366). The biomass var-
ied from 1.74 = 0.49 to 3.80 £ 0.84 g/m2 (Fig. 3, b).

For Polychaeta statistically significant differences
in biomass were noted between the studied periods
(H = 21.054, p = 0.0001). Minimum biomasses
were recorded in the period before the introduction
of alien species in 1980-1987 (1.96 + 0.55 g/m?).
In 1988-1998, the biomass of Polychaeta sharply in-
creased to maximum values (8.76 + 2.14 g/m?). Their
biomass decreased and averaged 2.24 + 0.37 g/m’
in 1999-2009. After the introduction of R. cuneata,
biomass began to increase again and in 2010-2020
reached the values 6.52 + 0.77 g/m” (Fig. 3, ¢).

The statistically significant differences in the bio-
mass of Bivalvia between the studied periods were

found (H = 26.809, p = 0.00001). In 1980-1987, the
biomass was 16.12 + 6.55 g/m”. In 1988-2009, their
biomass was at a low level (in 1988-1998 — 4.78 +
+ 0.76 g/m* and in 1999-2009 — 3.27 + 0.86 g/m?).
Since 2010, after the introduction of R. cuneata, the
biomass of Bivalvia has sharply increased to 747.92 +
+ 152.00 g/m’ (Fig. 3, d).

Catch of commercial fishes. For bream Abramis
brama (Linnaeus, 1758) statistically significant differ-
ences in catch levels between the periods studied were
established (H = 15.221, p = 0.0016). The maximum
catch of bream was recorded in 1980-1987 (325.1 +
+ 10.1 t/year). Then it decreased and was at its mini-
mum in 1999-2009 after the introduction of C. pengoi
(248.3 £ 9.1 t/year) (Fig. 4, a).
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Fig. 4. Catch dynamics of the commercial fishes (M + SE) in the Kaliningrad (Vistula) Lagoon in 1980-2020:

a —bream Abramis brama; b — pike-perch Sander lucioperca
¢ — sabrefish Pelecus cultratus; d — Baltic herring Clupea harengus; e — roach Rutilus rutilus
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For pike-perch Sander lucioperca (Linnaeus, 1758)
statistically significant differences in catch levels were
noted between the study periods (H 12.607,
p = 0.0056). The pike-perch catch level has been
steadily declining from 208.7 + 9.1 t/year in 1980-
1987 to 133.8 + 2.7 t/year in 2010-2020 (Fig. 4, b).

Statistically significant differences in catch levels
of sabrefish Pelecus cultratus (Linnaeus, 1758) were
recorded between the periods under study (H = 29.012,
p = 0.000002). The minimum level of sabrefish catch
was recorded in 1980-1987 (13.1 + 6.6 t/year). Then it
increased sharply and reached its maximum during the
period of the introduction of C. pengoi in 1999-2009
(76.9 + 3.3 t/year). After the introduction of R. cune-
ata, it dropped slightly to 61.6 £ 4.3 t/year in
2010-2020 (Fig. 4, ¢).

For the Baltic herring Clupea harengus Linnaeus,
1758, statistically significant differences in the
catch levels were found between the study periods
(H=20.295, p=0.0001). The maximum catch level was
in 1980-1987 (7,192.5 £+ 300.6 t/year). Then the catch

level decreased, and the minimum values were recorded
after the introduction of C. pengoi in 1999-2009
(2,043.5 £ 68.1 t/year). Since 2010, the catch level
of Baltic herring removal has slightly increased to
2,522.7+ 171.3 t/year in 2010-2020 (Fig. 4, d).

For roach Rutilus rutilus (Linnaeus, 1758), statistical-
ly significant differences in catch rates were recorded
between the study periods (H = 30.666, p = 0.000001).
In the initial study period of 1980-1987, the roach catch
rate was 28.7 + 3.0 t/year. After the introduction of Me-
renzelleria spp. in 1988-1998, the minimum catch rate
was 18.3 + 2.6 t/year. Then it gradually increased to
a maximum in 2010-2020, 81.6 + 2.3 t/year (Fig. 4, e).

Correlations between biomasses of the main
groups of zooplankton, zoobenthos and catch of the
main commercial fishes. With Spearman’s rank corre-
lation, shown were statistically significant correlations
between the biomasses of the main groups of zoo-
plankton, zoobenthos and the catch of commercial
fishery species (bream, pike-perch, sabrefish, Baltic
herring and roach) in the Vistula Lagoon (Table).

Correlation relationships between the biomasses of the main groups of zooplankton
(Copepoda, Cladocera, Rotifera), zoobenthos (Chironomidae, Oligochaeta, Polychaeta and Bivalvia)
and the catch of the main commercial fishes (bream, pike-perch, sabrefish, Baltic herring and roach)
in the Kaliningrad (Vistula) Lagoon in 1980-2020 (Spearman’s rank correlation, relationships at the level
of statistical significance p < 0.05 are highlighted in bold)
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Cladocera 0.20 =
Rotifera 0.36 0.17 -
Chironomidae -0.34 0.17 -0.05 =
Oligochaeta —0.21 0.06 0.22 0.36 -
Polychaeta -0.12 | -0.28 | -0.41 | -0.21 | -0.30 -
Bivalvia -0.43 | 020 | -0.25 0.30 0.10 0.42 -
Bream -0.02 | -0.37 0.21 -0.04 0.29 —-0.01 0.35 -
Pike-perch 0.13 -0.38 0.29 -0.11 0.33 -0.12 0.05 0.86 —
Sabrefish 0.08 0.41 -0.13 0.21 0.04 -0.06 | —0.15 | -0.46 | —0.44 -
Baltic herring -0.12 | -0.46 0.11 —-0.02 0.16 0.04 0.25 0.75 0.68 -0.61 -
Roach -0.26 0.20 -0.25 0.55 0.33 —-0.03 0.36 -0.11 | -0.22 0.62 -0.28

In zooplankton, recorded were statistically signifi-
cant positive correlations only between the biomasses
of Copepoda and Rotifera; and in zoobenthos, between
Chironomidae and Oligochaeta, Polychaeta and Bival-
via. Based on the catch of commercial fishes in the
Vistula Lagoon, established were positive correlations
between bream, pike-perch and Baltic herring; and
negative ones, these three species with the catch
of sabrefish. A positive correlation between the catch
of sabrefish and roach was found (Table).

Negative statistically significant correlations were
recorded between the biomasses of zooplankton and
zoobenthos groups: Copepoda and Chironomidae, Co-
pepoda and Bivalvia, Rotifera and Polychaeta.
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The catch of bream, pike-perch and herring had
negative correlations with the Cladocera biomass,
while the catch of sabrefish and the Cladocera biomass
correlated positively. The catch of roach had positive
statistically significant correlations with the biomass
of Chironomidae, Oligochaeta and Bivalvia. Positive
correlations were also recorded between the Bivalvia
biomass and bream catch (Table).

Discussion

In 1980-1987, before the most significant invasive
species appeared in the planktonic and benthic com-
munities of the Vistula Lagoon, the catch of bream,
pike-perch and Baltic herring was at its maximum
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(Fig. 4, a, b, d). The catch of sabrefish and roach was
low (Fig. 4, c, e). At the same time, the biomass of Co-
pepoda, Rotifera, Chironomidae, Oligochaeta and Bival-
via was high (Fig. 2, a, ¢, 3, a, b, c¢), while the biomass
of Cladocera and Polychaeta was low (Fig. 2, b, 3, ¢).
The main benthophages in the Vistula Lagoon are
bream, eel Anguilla anguilla (Linnaeus, 1758), roach,
white bream Blicca bjoerkna (Linnaeus, 1758), vimba
bream Vimba vimba (Linnaeus, 1758) and ruffe Gym-
nocephalus cernua (Linnaeus, 1758); such predators as
pike-perch, sabrefish and perch Perca fluviatilis Lin-
naeus, 1758 [15].

The first large-scale introduction of polychaetes
of the genus Marenzelleria into the benthic community
occurred in 1988; the following year, the species
formed a population and spread throughout the entire
water area of the lagoon. This expansion resulted in
a sharp change in the existing structure of the benthic
community [8]. A significant decrease in the biomass
of Copepoda, Rotifera, Chironomidae, Oligochaeta,
and Bivalvia was recorded in 1988-1998 (Fig. 2, a, c,
3, a, b, ¢). The biomass of Polychaeta increased by 4.5
times, with Marenzelleria spp. dominating (Fig. 3, ¢).
During this period, a decrease in the catch of bream,
pike-perch, Baltic herring and roach was recorded
(Fig. 4, a, b, d, e) and an increase in the catch of sabre-
fish (Fig. 4, ¢). A feature of the biology of Maren-
zelleria spp. is that they build deep burrows (up to
25-35 cm). By making respiratory movements above
the surface of the ground, they create extensive “mov-
ing” areas on silty ground [16, 17]. Probably, the lar-
vae of Chironomidae cannot settle to the bottom be-
cause of this and die. In the Baltic Sea basin, Maren-
zelleria spp. have been recorded in the diet of bream,
roach, perch, pike-perch, ruffe, carp Cyprinus carpio
Linnaeus, 1758, eel, pike Esox lucius Linnaeus, 1758,
Baltic herring, European flounder Platichthys flesus
(Linnaeus, 1758), sculpin Myoxocephalus scorpius
(Linnaeus, 1758), lumpfish Cyclopterus lumpus Lin-
naeus, 1758, three-spined stickleback Gasterosteus
aculeatus Linnaeus, 1758, nine-spined stickleback
Pungitius pungitius (Linnaeus, 1758), gobies of the
genus Pomatoschistus Gill, 1863 and round goby Neo-
gobius melanostomus (Pallas, 1814) [18-21]. Bream is
the most commercially important of the benthophages
of the lagoon. Due to the structure of its mouth appa-
ratus, the bream poorly utilises Marenzelleria spp. in
its diet [18, 19], which is probably why the food sup-
ply for the bream worsened, and it began to leave the
lagoon for the coastal part of the Baltic Sea in summer
to feed [15]. It is possible that Marenzelleria spp. had
the same negative effect on other benthophage fishes.
Just as in the Curonian Lagoon, a change in the spatial
distribution of pike-perch in the Vistula Lagoon was
recorded at that time, which occurred due to deteriora-
tion in food supply. This led to the pike-perch moving
from the open part of the lagoon to the shallows areas
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of the lagoon, where it fed on young Cyprinidae fish
and previously unrecorded sabrefish, as well as to the
coastal part of the Baltic Sea, where dense accumula-
tions of Baltic herring and sprat Sprattus sprattus
(Linnaeus, 1758) are created [9, 10].

The second large-scale introduction of an alien spe-
cies into the ecosystem occurred in 1999. The predatory
cladoceran species of Ponto-Caspian origin C. pengoi
was first recorded in the lagoon zooplankton [7]. Its
introduction resulted in a restructuring of the zooplank-
ton community. Zooplankton in the Vistula Lagoon is
represented mainly by Copepoda, Cladocera and Rotif-
era. Before the introduction of C. pengoi, the proportion
of Copepoda in the biomass of the Vistula Lagoon zoo-
plankton was about 70%. However, the introduction and
naturalisation of a large predator into the planktonic
community (1999-2009) contributed to a decrease in the
role of Copepoda in the biomass in some years by up to
30%, while the share of Rotifera increased to 44%.
Overall, a significant decrease in the biomass of
Rotifera, Polychaeta, and Bivalvia was recorded in
1999-2009 (Fig. 2, ¢, 3, ¢, d). The biomass of Cladocera
increased by 2.5 times, with C. pengoi dominating
(Fig. 2, b). During this time, a decrease in the catch
of bream, pike-perch, and Baltic herring was noted
(Fig. 4, a, b, d), while the catch of sabrefish and roach
increased (Fig. 4, ¢, e). Although the biomass of Cope-
poda has not changed, in the main food species Eury-
temora affinis affinis (Poppe, 1880) and Acartia (Acan-
thacartia) tonsa Dana, 1849, nauplia and juvenile cope-
podite stages began to predominate in summer, which
was reflected in a decrease in the biomass of the food
base of planktivorous fish.

The main planktivorous fish in the lagoon are ju-
venile Baltic herring, as well as smelt Osmerus eper-
lanus (Linnaeus, 1758), but its numbers have been
extremely small since the early 1990s. Larvae and ju-
veniles of many fish species also feed on zooplankton.
It was found that C. pengoi is a competitor to plank-
tivorous fishes, since it feeds on zooplankton, among
other things [22]. The issue of planktophages being fed
C. pengoi of the Vistula Lagoon has not been suffi-
ciently studied. There is evidence that Baltic herring,
smelt, white fish Coregonus albula (Linnaeus, 1758),
bleak Alburnus alburnus (Linnaeus, 1758), roach,
perch and bream consume C. pengoi [23]. Tail spines
of C. pengoi have been found in the intestines of juve-
nile Baltic herring. The presence of a large number
of tail spines in the intestines (up to 10-15 pieces) may
indicate that they are not evacuated from the intestines,
which can lead to the death of juvenile and a decrease
in the spawning part of the population of spring-
spawning Baltic herring, for which the Vistula Lagoon
is the main spawning ground [24], it is possible that
the same can be recorded in commercial fishes at the
stage of their feeding on zooplankton.
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Sabrefish mainly selectively feeds on Cladocera
(Leptodora kindtii (Focke, 1844), Bosmina (Eubos-
mina) coregoni Baird, 1857, Daphnia longispina
(O. F. Miiller, 1776)) and the mass development of the
new invasive species C. pengoi has significantly im-
proved its food supply and the survival of its juvenile.
On the other hand, an analysis of the sabrefish diet
made it clear that large individuals are facultative
predators that, in addition to invertebrates, feed on
young smelt, ruffe, pike-perch and other fish species.
Thus, sabrefish, through the “predator-prey” mecha-
nism, can influence the size of the stocks of other
commercial fishes.

In 2010, the third large-scale introduction of North
American bivalve R. cuneata into the benthic commu-
nity occurred [8]. The species can be characterised by
high filtration activity, has become an important com-
ponent of the lagoon ecosystem and plays a significant
role in self-purification and clarification of water [25].
In 2010-2020, the biomass of Cladocera and sabrefish
decreased (Fig. 2, b, 4, ¢). The biomass of all zooben-
thos groups (Fig. 3) and the catch of bream, Baltic her-
ring and roach increased (Fig. 4, a, d, ¢). The biomass
of Bivalvia in the open part of the lagoon increased by
more than two orders of magnitude (Fig. 3, d). The rec-
orded decrease in the biomass of Cladocera had a nega-
tive impact on the food supply of planktophagous fish,
especially sabrefish. In turn, the decrease in the catch
of sabrefish had a positive effect on the catch
of bream, herring and roach. According to the feeding
type, R. cuneata belongs to random filter feeders. They
feed on large amounts of detritus and phytoplankton,
as a result of which they can compete for food re-
sources with native species of zooplankton. On the
other hand, R. cuneata is an important food item in
estuarine ecosystems for fish, crabs, gastropods, water-
fowl and ctenophores [8, 25, 26]. In the Kaliningrad
(Vistula) Lagoon, R. cuneata is used in the diet
of roach, white bream, eel, silver carp Carassius
gibelio (Bloch, 1782) and European flounder [26],

which significantly improved the food supply of some
benthophagous fish that feed on mollusks.

Conclusion

Large-scale introductions of alien invertebrates into
the planktonic and benthic communities of the Kali-
ningrad (Vistula) Lagoon, that have occurred over the
past 40 years, have had a multidirectional impact on
the food supply of native fish species. The introduction
of North American species of the genus Marenzelleria
into the benthic community has resulted in a deteriora-
tion in the food supply of benthophagous fish, includ-
ing bream, the main commercial target, and a decrease
in their catch.

Adaptation of the alien Ponto-Caspian cladoceran
Cercopagis (Cercopagis) pengoi in the planktonic
community has significantly affected the food supply
of planktophagous fish and especially juvenile Baltic
herring, for which the Lagoon is the main spawning
ground. As a result, a gradual decrease in the catch of
the spawning part of the Baltic herring population in
the Lagoon has begun.

The third large-scale introduction into the Lagoon
occurred in the benthic community. The North Ameri-
can bivalve Rangia cuneata, had a negative impact on
the planktonic community, but, on the other hand,
a positive impact on the benthic community, which con-
tributed to the restoration of the food supply of ben-
thophagous fish. The use of roach in the diet of R. cune-
ata has affected the increase in the catch of the species.
No restoration of the catch of other benthophagous fish
(including bream) is currently recorded.

Thus, the introduction of alien species into the eco-
system of the Kaliningrad (Vistula) Lagoon had a gen-
erally negative impact on the food supply of commer-
cial fishes, which contributed to a decrease in the catch
of valuable commercial fish species. In order to protect
the water body from subsequent introductions of alien
species, it is recommended to disinfect the ballast wa-
ter of ships in ports.
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