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The Solovetsky Archipelago, situated in the White Sea, comprises six large islands. Out of them,
the two largest ones, Bolshoy Solovetsky and Anzersky islands, possess an extensive system of lakes,
streams, and canals, which are connected with each other and with the sea. The study of hydrobionts,
including fish, from freshwater bodies of the Solovetsky Archipelago is of great importance for under-
standing historical processes of fauna formation. The freshwater ichthyofauna of the Solovetsky Islands
has been monitored for almost 30 years. As a result of these long-term observations, two sticklebacks
were recognized as the most abundant native fish species of the Solovetsky Archipelago: the three-
spined stickleback Gasterosteus aculeatus and the nine-spined stickleback Pungitius pungitius. These
fish play an important role in inshore and offshore communities of the White Sea, being a com-
mon prey of predatory fish species and marine mammals. There have been few parasitological studies
of the White Sea sticklebacks. Most parasitological data available on sticklebacks from the White Sea
concern its marine forms from various areas and sticklebacks from the river mouth areas at the White
Sea coast. So far, there is no information on parasites of sticklebacks of the Solovetsky Archipelago.
In this paper, we present data on parasites of two stickleback species, P. pungitius (freshwater and ma-
rine forms) and G. aculeatus (marine form), caught in the Solovetsky Archipelago waters (the White
Sea). Standard parasitological investigation methods were implemented. Diplostomum spathaceum
metacercariae were additionally identified with the use of mitochondrial marker cox1. The para-
sitic fauna of both stickleback species from two study sites at the Solovetsky Archipelago was poor.
Ten parasite species belonging to Copepoda, Monogenea, Nematoda, Cestoda, and Trematoda were
found. The marine three-spined stickleback caught off the coast of the archipelago was infected with
6 helminth species. The parasitic fauna of the nine-spined stickleback from a freshwater stream on Bol-
shoy Solovetsky Island comprised 4 helminth species, while the marine form harbored 5 species. Cryp-
tocotyle sp. metacercariae were the most abundant and widespread parasites recorded during our study.
Most of the parasite species were acquired by sticklebacks through various invertebrate food items.
Zoonotic species (nematodes Eustrongylides excisus, cestodes Diphyllobothrium spp., and trematodes
Cryptocotyle spp.) were revealed in fish analyzed. Further research is needed on the parasites of various
fish species of the Solovetsky Archipelago, inter alia applying molecular methods.

Keywords: Bolshoy Solovetsky Island, Anzersky Island, Gasterosteus aculeatus, Pungitius pungitius,
parasites, Diplostomum, cox1
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The Solovetsky Archipelago, situated in the White Sea, comprises 6 large islands with a total area
of 295.23 km? and more than 110 small islands. The largest 2 islands, Bolshoy Solovetsky and An-
zersky, possess an extensive system of lakes connected by streams and canals with each other and with
the sea [Prirodnaya sreda Solovetskogo arkhipelaga, 2007].

The study of hydrobionts, including fish, from freshwater bodies of the Solovetsky Archipelago
is of certain interest for understanding historical processes of fauna formation [Bolotov, 2014]. Firstly,
the freshwater ichthyofauna of the Solovetsky Islands was investigated by A. Zakhvatkin [1927a]. Then,
it was monitored in 1989-2016, and 40 lakes located on these islands were examined. As a result of this
long-term monitoring, 15 fish species have been classified into two groups: aboriginal and introduced
ones (see the review of Ja. Alekseeva et al., 2014). The changes in the condition of lake ichthyofauna
have been identified and shown to be associated mainly with natural factors [ Alekseeva, Makhrov, 2018;
Alekseeva et al., 2014].

The most numerous aboriginal fish species on the Solovetsky Archipelago are the perch (Perca
Sfluviatilis Linnaeus, 1758) and two sticklebacks: the three-spined stickleback Gasterosteus aculea-
tus (Linnaeus, 1758) and the nine-spined stickleback Pungitius pungitius (Linnaeus, 1758) [Alek-
seeva et al., 2014]. The three-spined stickleback is also the most abundant fish species in the White
Sea in general, playing a significant role in inshore and offshore communities and being a com-
mon prey of predatory fish species [Lajus et al., 2020]. Moreover, both sticklebacks are a common
component of the diet of marine mammals in the White Sea [Svetochev, Svetocheva, 2010; Svetocheva,
Svetochev, 2015].

Recent genetic data indicate that the three-spined stickleback arrived in the White Sea basin
from both Europe and North America after glacial recession [Artamonova et al., 2022]. Therefore,
one may expect it to harbor a diverse parasitic fauna. However, there have been few parasitologi-
cal studies of sticklebacks in the White Sea. Most parasitological information available on stickle-
back from the White Sea concerns its marine forms from various areas [Isakov, 1970, 1974; Rybkina
et al., 2016; Shulman, Shulman-Albova, 1953]. There are also some parasitological data on sticklebacks
from the river mouth areas at the White Sea coast [Lumme et al., 2016; Mitenev, Shulman, 2005].
So far, there is no information on the parasites of sticklebacks of the Solovetsky Archipelago.

In this study, we present the first data on the parasites of freshwater and marine forms of Pungitius
pungitius and marine form of Gasterosteus aculeatus from the Solovetsky Archipelago.

MATERIAL AND METHODS

The material for the study was sampled in July 2016 and 2022 in two sampling sites situated
on the watershed of Bolshoy Solovetsky Island of the Solovetsky Archipelago (Fig. 1).

The first sampling site was the so-called Filippovskie cages (N65.03°, E35.68°), a narrow bay sepa-
rated from the sea by an artificial dam. It is thought to have served as enclosure for keeping marine fish
in cages. Three-spined sticklebacks (14 specimens on 3 July, 2016, and 6 specimens on 3 July, 2022)
and nine-spined sticklebacks (5 specimens on 3 July, 2022) were caught in the bay with a dip net.
Three-spined sticklebacks were 60—70 mm long, while nine-spined sticklebacks were 40—60 mm.

The second sampling site was a small freshwater stream near the Solovetsky Settlement (N65.03°,
E35.71°) flowing into the White Sea. Nine-spined sticklebacks were caught in the stream with a dip
net on 2 July, 2016 (14 specimens), and on 3 July, 2022 (11 specimens). Their length ranged from 25
to 65 mm.
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Fig. 1. Sampling sites: 1, Filippovskie cages; 2, a stream near the Solovetsky Settlement

Puc. 1. Mecra cbopa mateprana: 1| — OuaummoBckue caiku; 2 — pydei okoso noceénka ConoBenkuit

All specimens were examined macroscopically for the presence of ectoparasites immediately af-
ter capture and then dissected and studied for endoparasitic helminths and other metazoan parasites
using a standard parasitological method [Bykhovskaya-Pavlovskaya, 1985]. All parasites were pre-
served in 70% and 96% ethanol. Nematodes were cleared in 80% lactic acid, and temporary glyc-
erol preparations were made. Parasitic copepods were fixed in 70% alcohol and mounted on slides
with Faure—Berlese mounting medium. Monogeneans were cut into two parts. The opisthaptors were
prepared for morphological examination, and then partially digested by proteinase K in a final concen-
tration of 60 ug-mL™" prior to their preservation in ammonium picrate-glycerin [Zietara, 2004]. Cestodes
were stained with iron acetocarmine, dehydrated through a graded ethanol series, clarified in clove oil,
and finally mounted in Canada balsam [Georgiev et al., 1986].

Trematodes were stained with acetocarmine, dehydrated, contrasted (cleared) with dimethyl phtha-
late, and finally mounted in Canada balsam. Trematodes of the genus Diplostomum von Nord-
mann, 1832 were sampled for an integrative study with the use of both molecular and morpho-
logical approach. Several metacercariae were stained with acetocarmine and mounted in Canada
balsam. Measurements and morphological identification of parasites were made under an Olym-
pus CX41 microscope according to the keys of S. Delyamure er al. [1985]; A. Shigin [1986];
A. Gusev [1987]; R. Bray and R. Campbell [1996]; F. Moravec [1994]; T. Scholz et al. [2007];
and O. Pugachev er al. [2010].
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Ecological parameters characterizing fish infection, prevalence, and mean abundance were calculated
according to A. Bush et al. [1997].

Diplostomum metacercariae were investigated applying molecular method. Genomic DNA was iso-
lated from an ethanol-fixed specimen (in total, two metacercaria from two different fish species were
studied this way) using DNA-Extran kits (Syntol, Russia). The fragment of the mtDNA coxl
gene was amplified using the primers Cox1_schist 5> (5-TCTTTRGATCATAAGCG-3’)
and Cox1_schist_3" (5-TAATGCATMGGAAAAAAACA-3’) of A. Lockyer et al. [2003]. PCR assay
was carried out in 25 pL of reaction mixture containing 10 ng of total DNA, 75 mM of Tris-HCI (pH 8.8),
20 mM of (NH4),SOy4, 0.01% Tween 20, 5 mM of MgCl,, 0.25 mM of each dNTP, 1.5 pmol of each
primer, and 0.6-0.7 U of Taq DNA polymerase. Cycling parameters of PCR amplification followed
those of [Lockyer et al., 2003].

PCR products were purified using ColGen Extraction Kit (Syntol) following the manufacturer’s
instructions and then sequenced directly using the same primers of PCR reactions with MegaBACE
1000 DNA Analysis System (Beagle, Saint Petersburg, Russia) (https://biobeagle.com/). Consensus se-
quences (404 bp) were assembled in MEGA v. 10 [Kumar et al., 2018]. The sequences were deposited
in GenBank with accession numbers ON995624 and ON995625.

Identity of newly-generated sequences was checked with the Basic Local Alignment Search
Tool (BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi). The novel sequences were aligned with the rep-
resentative sequences of Diplostomum spp. previously reported from different places with MUSCLE
algorithms implemented in MEGA v. 10 [Kumar et al., 2018] and edited manually. The cox1 align-
ment (353 nt) comprised 2 novel and 44 sequences of Diplostomum spp. from GenBank. Tylodelphys
clavata (JX986908) were used as an outgroup.

Bayesian Inference analysis was conducted using MrBayes software (v. 3.2.3) [Ronquist et al., 2012]
with TN93 + I + G model assigned in jModelTest 2.1.2 [Darriba et al., 2012]. Markov chain Monte
Carlo (MCMC) simulations were run for 3,000,000 generations, log-likelihood scores were plotted,
and only the final 75% of trees were used to produce the consensus trees by setting the “burn in”
parameter at 7,500. FigTree v. 1.4 software [Rambaut, 2018] was used to visualize the trees.

RESULTS

The parasitic fauna of the two stickleback species examined in our study was represented
by 10 species (Tables 1, 2) from 5 systematic groups: Copepoda, Monogenea, Nematoda, Cestoda,
and Trematoda. Six of these species were found in sticklebacks caught in the sea: Thersitina gas-
terostei (Pagenstecher, 1861); Bothriocephalus scorpii (Miiller, 1776) Cooper, 1917; Diphylloboth-
rium sp.; Hysterothylacium aduncum (Rudolphi, 1802) Deardorff & Overstreet, 1981; Podocotyle re-
flexa (Creplin, 1825) Odhner, 1905; and Cryptocotyle sp. The monogenean Gyrodactylus arcuatus
Bychowsky, 1933 was registered in both marine and freshwater sticklebacks. Three species were
recorded in sticklebacks caught in the freshwater stream: Eustrongylides excisus Jagerskiold, 1909; Pro-
teocephalus ambiguus (Dujardin, 1845) Weinland, 1858; and Diplostomum spathaceum (Rudolphi, 1819)
Olsson, 1876.

The morphological taxonomy of the genus Diplostomum is rather complex; so, we barcoded
the metacercariae with the mitochondrial marker cox1 (Fig. 2). The sequences formed a well-supported
clade with representatives of D. spathaceum from different host species and geographical locations, with
the p-distance values ranging from —0.2 to 1.1%. The p-distance value for metacercariae sequences
from P. pungitius and G. aculeatus was 0.2%.
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GQ292500 Diplostomum sp. 7 of Locke et al. (2010)
MT982211 Diplostomum sp. of Lebedeva et al. (2021)
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KJ726496 Diplostomum sp. Lineage 6 of Blasco-Costa et al. (2014)
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KR271130 Diplostomum sp. 17 of Locke et al. (2015)
1 : MZ323294 Diplostomum sp. VVT3 of Achatz et al. (2022)
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KR271033 D. ardeae
f / MZ323296 Diplostomum sp. VVTS of Achatz et al. (2022)

JX986908 Tylodelphys clavata

0.3

Fig. 2. Phylogenetic tree of Diplostomum spp. based on the partial cox] mtDNA sequences (353 bp)
inferred using Bayesian Inference analysis. Values lower than 0.5 are not shown. New sequences are in bold

Puc. 2. dunorpamma npeacraButeneid poaa Diplostomum, TOCTpOEHHAs 1O YAaCTHYHBIM MOCJIeJ0BaTE b-
HOCTAM y4vacTKa coxl murtoxonapuansHoll [JHK Ha ocHoBanmm Metosna baiteca. 3Hauenus Huke 0,5
He TToKa3aHbl. BHOBD TMOJIYYEHHBIC MMOCJIEAOBATE/IbHOCTU BbIJACJIEHBI J KU PHBIM HIpI/I(I)TOM

The nine-spined stickleback harbored representatives of all 5 systematic groups recorded in our
study (Table 1). Ectoparasites were represented by the crustacean 7. gasterostei and the monoge-
nean G. arcuatus. The latter parasite was the most common, although not numerous. The most
species-rich group of endoparasites were cestodes: 3 species, each represented by 1 individual, were
found (see Table 1). The cestode P. ambiguus was observed in the intestines of P. pungitius freshwater
form, while B. scorpii was noted in the intestines of the marine form. Several plerocercoids of Diphyl-
lobothrium sp. were registered on the intestinal wall of two marine nine-spined sticklebacks. The lar-
vae of nematodes E. excisus were found on the intestinal wall in almost half of the fish specimens
from the stream, though only 1 larva per fish was recorded in all the cases. Speaking about trematodes,
Cryptocotyle spp. metacercariae infected all individuals of the marine stickleback, and the infection

was high. In contrast, D. spathaceum larvae were found only in several individuals of the freshwater
fish (Table 1).
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Table 1. Parasites of the nine-spined stickleback Pungitius pungitius of Bolshoy Solovetsky Island

Ta6umma 1. [lapa3utsl AeBATUUIION KOMOMKY Pungitius pungitius octpoBa bosbinoii ConoBerkuii

Freshwater locality Marine locality
Parasite species 2016 Vi 2022 M 2022 i
P, % (min—-max) P, % (min—max) P, % (min—-max)

Copepoda
Thersitina gasterostei 3 3 3 3 4/ 5% 1.4
(Pagenstecher, 1861) (1-3)
Monogenea
Gyrodactylus arcuatus 1.3 4.7 1.5
B)y/chowsl)(]iy, 1933 14 (8-10) 82 (1-18) 475 (1-3)
Nematoda
Eustrongylides excisus 43 0.5 3 : : 3
Jagerskiold, 1909, 1. (1-2)
Cestoda
Bothriocephalus scorpii _ _ - - 1/5 0.4
(Miiller, 1776) Cooper, 1917 2)
Prot.eoce.phalus ambiguus B B 7 0.45 B B
(Dujardin, 1845) Weinland, 1858 (1-3)
Diphyllobothrium sp., pl. - - - - 2/5 (11;3)
Trematoda
Diplostomum spathaceum
(Rudolphi, 1819) 29 0.5 _ _ _ _
Olsson, 1876, mtc (1-3)
Cryptocotyle sp., 1. - - - - 5/5 &‘;69)
Number of fish examined 14 11 5
Number of parasite species 4 2 5

Note: P, prevalence; M, mean abundance; min—max, minimum and maximum number of parasite individuals per fish;
L., larva; pl., plerocercoid; mtc, metacercaria; *, number of invaded hosts / number of investigated hosts.

IIpumeuanne: P — 5KCTEHCHMBHOCTh WMHBa3WM; M — cpemHsis YHCIEHHOCTh; Min—-max — MHHUMaJbHOE
U MakCHMaJbHOE KOJMYECTBO oOcoOell mapasuTa Ha opHy peiOy; | — Jsmumnaka; pl — miepouepkonm;
mtc — MeTalepKapiu; * — KOJIMYECTBO 3apakEHHBIX X0351€B / KOJIMUECTBO UCCIIEJOBAHHBIX X035IEB.

The parasitic fauna of three-spined sticklebacks, all of which were caught in the sea, was repre-
sented by 6 species belonging to 4 systematic groups: Copepoda, Monogenea, Nematoda, and Trema-
toda. In contrast with the nine-spined stickleback, no Cestoda species were found in the three-spined
stickleback (Table 2).

Metacercariae of Cryptocotyle sp., the most numerous and widespread parasites of marine
G. aculeatus, were found on the skin, fins, and gills. Ectoparasites 7. gasterostei from the gills and op-
erculum were less numerous. Single specimens of G. arcuatus were observed on the gills of several
fish. Larvae of nematodes H. aduncum were detected on the intestinal wall in 4 out of 6 fish exam-
ined. A metacercaria recorded in the lens of one stickleback belonged to D. spathaceum, which was
also confirmed by molecular methods (Fig. 2). One specimen of the trematode P. reflexa was registered
in the intestine. In our study, all the parasite species found in the three-spined stickleback were parasites
of marine fish, except for D. spathaceum.

Mopckoii buosnornueckuii xypHain Marine Biological Journal 2023 vol. 8 no. 3
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Table 2. Parasites of Gasterosteus aculeatus of Bolshoy Solovetsky Island

Tadémmua 2. TIlapasutsl Tpéxurioi komomku Gasterosteus aculeatus octpoba bosproit ConoBenkuii

Marine locality
Parasite species 2016 2022
P, % ‘ M (min-max) P, % ‘ M (min-max)

Copepoda

.. . 5.9 4.2
Thersitina gasterostei (Pagenstecher, 1861) 93 (1-31) 5/6* (1-9)
Monogenea
Gyrodactylus arcuatus Bychowskiy, 1933 14 (81—.13 0) 6/6 (13;2)
Nematoda
Hysterothylacium aduncum (Rudolphi, 1802) _ _ 176 2.5
Deardorff & Overstreet, 1981, 1. (2-6)
Trematoda
Diplostomum spathaceum (Rudolphi, 1819) 7 0.1 3 3
Olsson, 1876, mtc (1)
Podocotyle reflexa (Creplin, 1825) Odhner, 1905 - - 1/6 (()S
Cryptocotyle spp., mtc 100 (f_'i.) 6/6 (35_'f 2)
Number of fish examined 14 6
Number of parasite species 4 5

Note: P, prevalence; M, mean abundance; min—max, minimum and maximum number of parasite individuals per fish;
1., larva; mtc, metacercaria; *, number of invaded hosts / number of investigated hosts.

IIpumeuyanne: P — 3KCTEHCHMBHOCTh WHBa3MM; M — cpemHssl YMCIEHHOCTh; mMin—max — MHHUMAaJbHOE
Y MaKCUMaJIbHOE KOJIMYECTBO 0COOEH Mapa3uTa Ha OfHY phiOy; |. — JIMYnHKa; mtc — MeTalepKapuu; * — KOJINIeCTBO
3apakEHHBIX X0351€B / KOJMYECTBO UCCIIEAOBAHHBIX X035EB.

DISCUSSION

The parasitic fauna of G. aculeatus (marine form) and P. pungitius (marine and freshwater forms)
obtained from two study sites at the Solovetsky Archipelago comprised 10 species. Marine forms
of these two sticklebacks had only 3 parasite species in common: 7. gasterostei, G. arcuatus, and Crypto-
cotyle sp. (see Tables 1, 2). Their other helminths were different, which reflected the differences in their
life styles.

Two parasites, G. arcuatus and D. spathaceum, were recorded both in marine and fresh-
water sticklebacks. This finding agrees with the literature data. According to L. Isakov [1970]
and J. Lumme et al. [2016], G. arcuatus can parasitize both marine and freshwater fish. D. spathaceum
metacercariae have been found in fish from brackish waters [Karvonen, Marcogliese, 2020].

The finding of the trematode P. reflexa in G. aculeatus intestines is very interesting, even though
only 1 specimen was recorded. This species has never been registered in the sticklebacks of the White
Sea before, while a close species, Podocotyle atomon (Rudolphi, 1802) Odhner, 1905, has been
observed [Rybkina et al., 2016; Shulman, Shulman-Albova, 1953].

Sticklebacks become infected with various parasites found in our study in several ways. Only
2 species, G. arcuatus and T. gasterostei, have direct life cycles. Those are transmitted from one host
to another or reproduce on the same host. This infection mode suggests that there is a constant source
of infection in both marine and freshwater fish populations.

Mopckoii buosnornueckuii xkypHain Marine Biological Journal 2023 vol. 8 no. 3
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Other parasite species were acquired by the sticklebacks through various invertebrate food objects.
We found chitinous odds of insects and crustaceans, small gastropod, and bivalves in the intestines
of freshwater nine-spined stickleback. The gut of marine nine-spined sticklebacks contained only amor-
phous contents. In the intestines of marine three-spined stickleback, odds of insect larvae, crustaceans,
small bivalves, and algae were recorded.

The presence of large number of helminths registered in our study indicates that sticklebacks
feed on benthos. We found the larvae of nematodes E. excises, whose development is associated
with benthic oligochaetes Lumbriculus Grube, 1844, Tubifex Lamarck, 1816, and Limnodrilus Cla-
parede, 1862 [Barus et al., 1978]. Species of these 3 genera have been recorded in the Solovetsky Islands
waters [Popchenko, 1972].

The same fish was infected with D. spathaceum metacercariae, whose larvae leave their first in-
termediate host and actively penetrate the second intermediate host through the skin [Shigin, 1986].
In all probability, while feeding on benthos, the sticklebacks were infected with diplostomes from Lym-
naea spp. These molluscs were noted in water bodies of the Solovetsky Archipelago, in particular,
in the small lake, through which the stream where we caught sticklebacks flows [Bespalaya et al., 2021;
Zakhvatkin, 1927b]. The nematode H. aduncum infects fish feeding on marine invertebrates, such
as polychaetes, amphipods, copepods, and chaetognaths. The trematode P. reflexa infects fish through
various crustaceans [Kgie, 1981; Moravec, 1994].

Marine forms of both stickleback species were infected by Cryptocotyle spp. metacercariae that
actively penetrated the host after they left their intermediate host, the mudsnail Peringia ulvae (Pen-
nant, 1777) [Golovin et al., 2021; Gonchar, 2020]. This finding indicates that the fish keep close
to the littoral shallows.

The nine-spined sticklebacks from the stream examined in 2022 mostly fed on plankton. It is ev-
idenced by the infection with the cestode P. ambiguus, which occurs through eating planktonic crus-
taceans Eudiaptomus gracilis (Sars G. O., 1863) and Cyclops strenuus Fischer, 1851 [Scholz, 1999],
common on Bolshoy Solovetsky Island [Zakhvatkin, 1927a]. Moreover, these fish were not infested with
diplostomids (see Table 1).

In the sea, the nine-spined stickleback is also more likely to feed on plankton, as evidenced by in-
fection with the cestodes B. scorpii and Diphyllobothrium sp. The fish become infected with the former
parasite by eating planktonic crustaceans Acartia (Acartiura) longiremis (Lilljeborg, 1853), which was
described for the White Sea as an intermediate host of B. scorpii [Grozdilova, Makrushin, 1985].

The parasitic fauna of both stickleback species from two study sites at the Solovetsky Archipelago
included parasites common for these fish in nearby northern ecosystems of the White and Barents
seas [Isakov, 1974; Mitenev, Shulman, 2005; Rybkina et al., 2016; Shulman, Shulman-Albova, 1953]
but was poorer in general. It was also poorer than the parasitic fauna of sticklebacks from Onega
and Ladoga, large lakes situated further to the south [Rumyantsev, 2007]. Some of the helminths found
in all the above-mentioned water bodies, such as Schistocephalus solidus (Miiller, 1776) Steenstrup, 1857
and Diplostomum pungitii Shigin, 1965, are absent in the sticklebacks from the Solovetsky Archipelago.
Apparently, this is due to the absence of the first intermediate hosts necessary for the helminth devel-
opment or due to a local habitat separation from definitive hosts, fish-eating birds, though the latter
ones are numerous and diverse at the Solovetsky Archipelago [Cherenkov et al., 2014]. To the north,
V. Mitenev and B. Shulman [2005] recorded only Schistocephalus pungitii Dubinina, 1959 in P. pungi-
tius, and the closest locality of S. solidus in G. aculeatus is Mashinnoe Lake, Karelian coast of the White
Sea [Borvinskaya et al., 2021]. Besides, the parasitic fauna of freshwater sticklebacks of the Solovetsky
Archipelago does not include numerous nonspecific species, especially larval forms of trematodes
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Ichthyocotylurus Odening, 1969, Apatemon Szidat, 1928, Tylodelphys Diesing, 1850, and Diplostomum,
noted in many northern water bodies [Kuhn et al., 2015; Mitenev, Shulman, 2005; Rumyantsev, 2007;
Soldanova et al., 2017].

Zoonotic species found in our material deserve special mention. Those were represented by larvae
of the nematode E. excisus in freshwater P. pungitius, plerocercoids of Diphyllobothrium spp. in marine
P. pungitius, and metacercariae of Cryptocotyle spp. in all marine fish. These parasites may cause dis-
eases of birds and mammals, possibly including humans [Duflot et al., 2021; Guardone et al., 2021;
Waeschenbach et al., 2017]. Their presence in our material is a consequence of the fact that both stickle-
back species are an integral part of the diet of ringed seal [Svetochev, Svetocheva, 2010; Svetocheva,
Svetochev, 2015], which probably promotes the abundance and dispersal of these parasites.

Nematodes Eustrongylides spp. are cosmopolitan parasites using several freshwater fish species as in-
termediate or paratenic hosts. These nematodes have not been found in either of the two stickleback
species before [Moravec, 1994]. In all likelihood, their invasion is related to their ubiquitous distribu-
tion and temporary contact with the final host, the cormorant Phalacrocorax carbo (Linnaeus, 1758),
which forms large colonies on the Solovetsky Archipelago [Cherenkov et al., 2014]. Similarly, E. ex-
cisus was shown to infect the large-scale sand smelt (Atherina boyeri A. Risso, 1810) in the lake
Massaciuccoli (Italy) [Guardone et al., 2021].

Another exciting finding is the discovery on the intestinal wall of the marine nine-spined stickle-
back of plerocercoids of the genus Diphyllobothrium Cobbold, 1921. According to A. Waeschen-
bach et al. [2017], this genus now includes only the worms whose development ends in marine mam-
mals and, probably, in humans. Those are a threat to human health, and their investigation is very
important. The larvae found in our study presumably belong to 1 of 4 Diphyllobothrium spp. pre-
viously noted in marine mammals in the White Sea: Diphyllobothrium cordatum (Leuckart, 1863)
Gedoelst, 1911; D. lanceolatum (Krabbe, 1865) Cooper, 1921; D. roemeri (Zschokke, 1903) Meg-
gitt, 1924; and D. tetrapterum (von Siebold, 1848) [Delyamure et al., 1985]. However, taking into account
the species composition and migratory pathways of marine mammals from the White Sea to the Barents
Sea and back [Lukin, Ognetov, 2009; Stenson et al., 2020; Svetochev et al., 2017], it cannot be ruled out
that we found Diphyllobothrium schistochilos (Germanos, 1895) Cooper, 1858, which has been identified
in the Barents Sea, but has never been recorded in the White Sea before [Schaeffner et al., 2018].

High infection levels of sticklebacks by Cryptocotyle spp. metacercariae, which were noted during our
study and in different spots of the White Sea [Golovin et al., 2021; Rybkina et al., 2016], are associated
with favorable conditions for the implementation of the life cycle of this trematode. Its first interme-
diate hosts are mudsnails P. ulvae, and its final hosts are fish-eating birds or marine mammals [Duflot
et al., 2021]. P. ulvae are numerous in the White Sea [Golovin et al., 2021; Gonchar, 2020]; more-
over, fish-eating birds (for example, the cormorant) and marine mammals (including the ringed seal)
are widespread in the White Sea and around the Solovetsky Islands [Cherenkov et al., 2014; Chernetsky
et al., 2011; Lukin et al., 2006; Surkov, 1957].

Future research of the fish parasites from the Solovetsky Archipelago, infer alia molecular stud-
ies, will be expanded for several reasons. Firstly, the data on parasites of various freshwater fish
species of the Solovetsky Islands, which are now lacking, would be useful to explore the his-
torical processes of formation of the islands’ fauna. Secondly, the systematics of many parasite
groups (e. g., Diphyllobothrium and Diplostomum) is currently being revised with the use of the inte-
grative method, and any information on these helminths is in demand. Finally, fish play a significant role
in maintaining populations of epizootically important species (Eustrongylides excisus, Cryptocotyle spp.,
and Diphyllobothrium sp.).
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MHOT'ORJIETOYHBIE ITAPA3UTBI IBYX B/10B KOJIIOIIEK
COJIOBEIIKOI'O APXMIIEJIATA (BEJIOE MOPE)

1. U. Jle6enenal, /1. O. 3aiines?, 1. K. Anekceepa’, A. A. Maxpos*>
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CotoBelKMI apXUIeNar, pacliooXeHHBI B beloM Mope, COCTOUT U3 IIeCTH KPYITHBIX OcTpoBOB. Cpe-
IM HUX JIBa caMmbIX OOJIbIIMX OCTpoBa, Bombmoil ConoBeUKUi U AH3EPCKHUNA, XapaKTepU3YIOTCSl Ha-
JIMYMEM OOIIMPHOW CUCTEMBI 03Ep, PyUbEB M KaHAJIOB, KOTOPbIE CBA3AaHBI MEXKIYy COOOH M C MOPEM.
Uzyyenuie ruipoOHOHTOB, B TOM YHCIIE PbIO, N3 PECHOBOAHBIX BOA0EMOB COIOBEIKOTO apXuIienara
HEeoOXOMMO JIJTsl TOHUMaHMsI ICTOPHUYECKUX TPOIeccoB (popMupoBaHus (payHbl. MOHUTOPHUHT ITpec-
HoBOHON nxTHO(ayHbl ColoBeLKMX OCTPOBOB Beaetcs Oosiee 30 yier. B pesynbrate 31X Hab0/1€-
HMI HanOoJiee MHOTOYMCIICHHBIMI a0OpUTeHHBIMU BUIaMu peio Ha COJIOBEIIKOM apxurenare ObLI
MIPU3HAHBI [1BA BUJIA KOMIOILEK — TpEéxurias Gasterosteus aculeatus v neBatumrias Pungitius pungitius.
3711 pHIOBl UTPAIOT BKHYIO POJIb B MPUOPEKHBIX U MOPCKUX coodmecTBax benoro mMopsi, sIBASsACH
OOBIYHOW OOBIYEH XMIIHBIX BUAOB PHIO M MOPCKUX MuleKonuTaioumx. [lapasuronornyeckux mccie-
JOBaHMH Koimolek B besom mMope mpoBeseHO HEMHOTO. BOJIBIIMHCTBO UMEIOIIUXCS Mapa3UTOJIOrU-
YEeCKHX CBEJIeHMH Mo Kommomke u3 bemoro Mops kacaiotcst e€ MOpCcKkux (popM U3 pasHBIX paiioHOB
1 KOJIIOIIKY M3 YCTheB peK Ha modepexse bemoro mops. 1o HacTosmero BpeMeH! He ObUIO IaHHBIX
o nmapasuTax komouiky Conosenkoro apxunenara. Hamu nosy4eHs! nepBble CBeJEHUS MO Mapa3uTam
JBYX BUJOB KOJIOIIEK, P. pungitius (mpecHoBoAHAasA U Mopckas dopma) u G. aculeatus (Mopckas op-
Ma), BbIJIOBJIEHHBIX B Bofiax CosioBerkoro apxuresnara (besoe Mope). Bblii mnpuMeHeHb! cTaHjapTHbIE
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D. I. Lebedeva, D. O. Zaitsev, Ja. I. Alekseeva, and A. A. Makhrov

METO/Ibl [Tapa3UTOJIOTMIECKOro uccnejoBanus. Merauepkapuu Diplostomum spathaceum O JOTION-
HHUTEJbHO MOJIEKYJISIPHO NASHTH(PULIMPOBAHBI C UCMIOJIB30BAHUEM MUTOXOHIPUAJIbHOTO Mapkepa cox1.
[NapasurodayHa 060MX BUIOB KOMIOLIEK U3 JIBYX MeCT MccienoBanus Ha COJIOBELIKOM apXuIienare
Obu1a 6enHON. OOHapyxeHo 10 BumoB mapasutoB, oTHOcsmuMXcs K rpynmnam Copepoda, Monogenea,
Nematoda, Cestoda u Trematoda. Mopckast TpExuriiasi KOJIOIIKA, BBIJIOBJIEHHAs Y OEpPEeroBoid 30HbI
apxurienara, Oblia 3apaxeHa 6 BHIaMH reibMUHTOB. [lapasurodayHa NpecHOBOJHOW AEBSATUUIIION
KOJIIOIIKY 13 py4bs Ha bosbiom ConoBenkoM ocTpoBe BKJIIOYaIa 4 BUA FeIbMUHTOB; MOpcKast hop-
Ma Obula MHBa3upoBaHa 5 BugaMu. Metauepkapuu Cryptocotyle sp. ObUIM caMbIMU MHOT'OYHMCIIEHHBI-
MH UM LUIMPOKO PACNIPOCTPAaHEHHBIMM IMApa3svTaMy, 3aperMCTPUPOBAHHBIMU B HAIlEM HCCJIEOBAHUU.
BoJIbIIMHCTBO BUJIOB MAapa3suTOB MPHOOPETAIOTCS KOJIOMIKAMH Yepe3 Pasd4HbIX OeClIO3BOHOUHBIX
KaKk OOBEKTOB MUTaHMS. Y MPOAHATM3UPOBAHHBIX PHIO BBISBJIECHB UMEIOIIME Ba)KHOE 3HAUYEHUE 300-
HO3HBIE BUJBI MTApasuToB (Hematoanl Eustrongylides excisus, necronst Diphyllobothrium spp. u Tpema-
Tozsl Cryptocotyle spp.). HeoOXoanmbl [anbHEHIIMe UCCIIeI0BaHMS TIAPA3UTOB Pa3IMYHBIX BUJOB PHIO
ConoBeLKoro apxurienara, B TOM YHC/IE C UCIIOJIb30BaHUEM MOJIEKYJISIPHBIX METOJIOB.

KuaroueBnie caoBa: octpoB bosmbimoit CosnoBenkuii, ocTpoB AH3epckull, Gasterosteus aculeatus,
Pungitius pungitius, mapa3utsi, Diplostomum, cox1
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