File S2
Review of publications concerning fish parasites and infections

There were two different main types of publications concerning fish parasites and infections in our
scoping review, one focusing mainly on aquatic ecology or research between fish populations, and
another diverse group about prevalence and disease agents in fishes, which is shortly introduced below.

In many cases, the reduction in population density of the final host controls the pathogen. The distribution
and co-occurrence and exchange of adult cestode species in fish communities were studied in the
Bothnian Bay and Lake Yli-Kitka in Finland, and coexistence of two or more mature cestode species
was not found in the majority of fish species studied (31 of 33; 94%) [1]. The circulation of 27 parasite
taxa among 12 species of fish from lakes showed that most of the parasite taxa were host specialist in the
Caribou Mountains in Alberta [2]. Many have birds as definitive hosts, while Triaenophorus crassus
infection circulates between whitefish Coregonus lavaretus and pike Esox lucius [3]. The prevalence and
infection intensity of the bird tapeworm Diphyllobothrium ditremum plerocercoids in trout Salmo trutta
were found after establishment of European minnow Phoxinus phoxinus in a subalpine lake in Norway
[4] . Two lakes with and without sympatric burbot Lota lota and another six fish species in subarctic
Norway were studied by Knudsen et al. [5]. They found that dense populations of burbot may have very
strong impacts on the ecology and evolution of arctic charr Salvelinus alpinus populations, possibly
stronger than impacts from other sympatric species. The role of the feeding behavior of fish hosts in
Northern Norway studied in arctic charr strongly showed the commonly observed aggregation of
helminths among hosts under certain conditions. The association of parasite species Cyathocephalus
truncatus, C. farionis, Diphyllobothrium dendriticum, and D. ditrenum and fish stomach contents were
studied [5]. Kuhn et al. have published about Diphyllobothrium spp. infections in brown trout and
sticklebacks Pungitius pungitius play a key role in the transmission of Diphyllobothrium spp. parasite
larvae [6], and new methodology was developed [7].

Charrs with parasites had cannibalism, and twelve species of fresh-water parasites were found in a river-
lake system in Uzon Caldera Kamchatka [8]. Cannibalism was found to result in accumulation of
cestodean parasites and is an important strategy for survival of arctic charr. However, it reduced the
survival rate of old individuals in autonomous lake ecosystems in Svalbard [9]. Fish prey may be the
most important source for Diphyllobothrium spp. infections in trout, whereas charr predominantly
acquire Diphyllobothrium spp. by feeding on copepods in Northern Norway [10]. Researchers also found
interspecific and intraspecific (extent of cannibalism) host behavioral interactions. In an isolated lake in
Kamchatka, there were 29 species of parasites found in charrs, indicating differences in preference for
food items and occupied biotopes and supporting the ecological differentiation of charrs [11].

Garnick and Margolis [12] examined the presence of helminth parasites in sockeye salmon
(Oncorhynchus nerka) smolts in Vancouver Island and found the parasite infection may account to some
extent for variability observed in the migratory behavior of smolts. The latitudinal variations may be
explained in terms of life cycles and endemic areas of the four studied parasite species in cod along the
west coast of Norway, and they may be used as biological tags of cod and other gadoid fish [13].



An increased amount of Diphyllobothrium nihonkaiense infected wild pink salmon (Oncorhynchus
gorbuscha) was found near Hope in Alaska [14]. It was found that D. dendriticum larvae as a cause of
heart disease (massive chronic myocarditis) lead to mortality in hatchery-reared sea trout and brown trout
in a freshwater fish farm in Northern Finland, and the occurrence of 4 cestode larval species (100%
infected, possible sources: vendace Coregonus albula, whitefish and nine-spined stickleback) decrease
the commercial value of brown trout in a large regulated lake in Northern Finland [15]. Among Russian
papers, one provided data on Northern Finland. It studied parasite diversity in Salmonidae spp. fish from
the Utsjoki River, obtained during 1993-1995 and 2006-2007. Twenty species of salmon parasites were
found, the majority of which are parasites with complicated life cycles. Brown trout had the highest
number of specific parasite species [16].

Most of the Russian publications (n=13) from e.Library were from Karelia, European North of Russia,
and parasites from wild fish were reported studied in five lakes and three rivers [17-29]. The researchers
found 42 species of parasites among fish species in the lakes Onega and Ladoga. The results indicate that
the fish are related not only taxonomically, but also ecologically [24]. The only exception was the
acanthocephalan Corynosoma semerme found in trout from Ladoga. Being a sea relict, the parasite serves
as evidence of former relations between the Ladoga lake and the Baltic Sea [24,19]. High similarity was
also found specifically between the cestode faunas in the fish of the Baltic and the Arctic oceanic
provinces [28].

Ieshko et al. presented data about the population dynamics of glochidia of the freshwater pearl mussel
Margaritifera margaritifera, a declining species of European fauna, parasitizing on juvenile Salmonidae
spp. fishes in rivers of northern Europe. In addition, they recorded for the first time the alien species
Gyrodactylus salaris in salmon of the Pista river In the Keret' River (White Sea basin), G. salaris was
found almost every year since 1991 in mostly juvenile Atlantic salmon, decreasing the population size
[21]. The other threats for pearl mussel and salmon populations were poaching, incorrect strategy of
artificial reproduction of salmon, the Gyrodactylus parasite, introduced pink salmon, and uncontrolled
tourism [27].

Dorovskikh [30-35] and Dorovskikh and Stepanov [36] studied fish in the river of Northern Dvina and
its tributary Mesen, Kama and Vychegda in the Arkhangelsk region, as well as the river Pechora in the
republic of Komi. He/they summed up the results of the 70 years’ long study of a species composition in
the basins of the rivers in local fish:

56 species of trematode parasites were recorded in the examined region [30]

66 ichthyoparasite protozoan species [31]

86 monogenean species [32]

21 nematode species and 9 acanthocephalan worm species [33]

26 cestode species [34]

4 leech species, 5 mollusk species, 16 crustacean species and 1 water mite species [35]
and, most recently, parasite fauna of the minnow was described [36].

In Murmansk Oblast, Kola Bay of the Barents Sea, Kuklin et al. studied species composition and seasonal
dynamics of the bullroat Myoxocephalus scorpius helminthofauna [37]. They presented 18 species (8
nematodes, 5 trematodes, 3 cestodes, and 2 acanthocephalans). The maximum species variety was



recorded during the winter period. The seasonal appearance of bullroat parasites that use sea mammals
as final hosts was found and discussed [37]. Tkachenko et al. researched the infestation status of Atlantic
salmon Salmo salar with Anisakis simplex larvae in the river Ponoi; they found the level and dynamics
of infestation of autumn Atlantic salmon in 2009-2016 and compared this information with the historical
data. The results have shown that the proportion of salmon infested with parasite varied from 2-60%, and
the number of parasites in a single fish varied from 1 to 28 specimen. The studied Red Vent Syndrome
(RVS) has never been confirmed for Ponoi Atlantic salmon. The assumption has been made that the level
of infestation depends mostly on the role of different salmon food species in the parasite life cycle and
their availability in different years as well as salmon migration routes in the ocean [38].

In the Yamal and Gydan peninsula, there were two articles about parasites of whitefish, arctic loach
Orthrias sp., and salmon. Seventeen taxa of parasites were found in whitefish and arctic loach that were
similar to other circumpolar fish, depending on fish migratory routes and diet [39,40]. Further east in
large water reservoirs of Yakutia, three articles focused on parasites in fish. Seventeen species of fish
had cestodes Triaenophorus spp. at a prevalence of: 7. nodulosus 22—42% with an intensity of infection
of 13-23 parasites per fish, and 7. crassus — 5-93% with an intensity of infection of 7—14 parasites per
fish [41]. Fourteen species of fish and 45 species of parasites were recorded for the Ungra River.
Myxosporeans, infusoria, monogeneans, and trematodes were found dominant in minnows, while at the
same time nematodes were predominant in the arctic grayling Thymallus sp. [42]. The most common
parasitic disease of the crucian carp Carassius carassius was myxosporidiosis caused by the genus
Myxobolus, Digramma sp.(a Cestode), and Philometra sp. nematode infections [43].
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