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Abstract. The composition and relative importance of food orga-
nisms in the food bolus were analyzed for two species (forms) of
vendace: European vendace Coregonus albula and sardine cisco
C. sardinella from water bodies of Russia (Yaroslavl, Vologda, Ka-
liningrad, Arkhangelsk and Murmansk Oblasts; Altai, Novosibirsk,
and Krasnoyarsk Krais; Republic of Karelia, Komi Republic, and
Yamalo-Nenets Autonomous Okrug), Finland, Sweden, Norway,
Lithuania, and Poland. Vendace is a typical planktivorous fish in
most lakes of the boreal zone, but euryphagous consuming signif-
icant number of benthic invertebrates in the northern water bod-
ies of Eurasia. Both forms of vendace are characterized by feed-
ing plasticity, diversity of the food spectrum and its seasonal and
spatial variability. The ecological and geographical features of the
lakes precondition the composition and abundance of food organ-
isms, thus influencing the food spectrum of vendace.

Keywords: Coregonus, fish nutrition, trophic links, plankton,
benthos, feeding plasticity, euryphagy, productivity.
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Introduction

Vendace are whitefish of the genus Coregonus,
which differ from other representatives of this genus
by the large number of gill rakers and the superior
mouth (the lower jaw is longer than the upper one).
Such mouth structure is typical for fish that feed in the
water column and in the surface water layer. Vendace
is an important component of the boreal, subarctic
and arctic aquatic ecosystems of the Palaearctic.
European vendace Coregonus albula (Linnaeus,
1758), sardine cisco C. sardinella Valenciennes, 1847,
and two other species of whitefishes (peled C. peled
(Gmelin, 1789) and Penzhin omul C. subautumnalis
(Pallas, 1776)) are identified as evolutionarily

closest taxa; they form a single complex of species
(Coregonus sardinella complex) (Politov, 2017).

The European vendace, C. albula, inhabits in
Russia numerous lakes in the basins of the Baltic,
Barents and White Seas and the Volga River
(Borovikova and Makhrov, 2012; Reshetnikov,
1980). In the open reaches of the Rybinsk Reservoir
(Volga River), vendace occurs everywhere in feeding
aggregations with other species of pelagic fish and
their juveniles, such as Black Sea sprat Clupeonella
cultriventris (Nordmann, 1840), European smelt
Osmerus eperlanus (Linnaeus, 1758), zope Ballerus
ballerus (Linnaeus, 1758), bleak Alburnus alburnus
(Linnaeus, 1758), sichel Pelecus cultratus (Linnaeus,
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1758) and Percidae (Kiyashko and Slyn’ko, 2003;
Polovkova and Permitin, 1981; Ryby..., 2015).
European vendace entered this reservoir in the
1940s, presumably from the Lake Beloe via the
Sheksna River (Kiyashko and Slyn’ko, 2003). In
the Vologda and Arkhangelsk Oblasts, vendace is
widespread in the lakes belonging to the basins of
Onega, Northern Dvina and Mezen rivers. In the
Kenozero National Park, it forms geographically
and reproductively isolated populations; the most
numerous of them inhabit lakes Kenozero and
Lekshmozero (Dvoryankin, 2009). In the Kaliningrad
Oblast, a large oligotrophic Lake Vishtynetskoe is the
only water body inhabited by the European vendace
(Krivopuskova et al., 2014).

In the Gulf of Finland and in large lakes Onega
and Ladoga, vendace C. albula is represented by
two forms. The small-size form of this species (body
length up to 25 cm) is widespread throughout the
entire water area, and the large-size form (ripus, or
kilets, Coregonus albula subsp. ladogensis) reaching
up to 34 cm in length, is found mainly in the areas with
significant depths. In the lakes of Karelia, C. albula
was found in more than 270 lakes, it is one of the main
species of commercial fish in most of them, including
Lake Syamozero (Berezina et al., 2021; Pokrovsky,
1953; Sterligova et al., 2002; Sterligova and II'mast,
2016). It is numerous in the subarctic lakes of the
Murmansk Oblast, including Lake Imandra (Zubova
and Kashulin, 2019).

The small-size form of C. albula is also common
in water bodies of Great Britain, Germany, Lithuania,
Estonia, and Poland; its populations are especially
numerous in Finland, Sweden, and Norway (Bukelskis
and Umbrasaite, 2016; Czarkowski et al., 2007;
Mamcarz and Bloniarz, 1995; Sarvala et al., 2020;
Scharf et al., 2008; Schulz et al., 2003; Viljanen,
1983). In many European countries, C. albula
populations are currently considered vulnerable and
endangered due to the negative effects of warming,
eutrophication, overfishing, and fish introductions
(Sarvala et al., 2020; Winfield et al., 2017).

The basin of the Pechora River is the boundary
between sardine cisco and European vendace
ranges (Borovikova and Makhrov, 2012). According
to main characters, vendace inhabiting the Usa
River, a tributary of the Pechora River (described as
Coregonus sardinella marisalbi Berg, 1916), occupies
an intermediate position between the European and
Siberian forms, but to some traits, it is much closer to
the European vendace (Reshetnikov, 1980).

The sardine cisco C. sardinella is distributed from
the White Sea to the east to the Bering Sea, it inhabits
the Anadyr and Amguema rivers and the lakes of
Chukotka (Nikulina et al., 2018). It is common in the
subarctic lakes and rivers of the Bolshezemelskaya
Tundra (a part of North Russian Plain). In the
Malozemelskaya Tundra, C. sardinella is abundant in

the lakes of the upper reaches of large rivers, such as
the Lakes Kharbeyskie, Lakes Vashutkiny, and some
others (Borovikova and Makhrov, 2012; Kuchina and
Solovkina, 1970; Sidorov and Reshetnikov, 2014).
In Kamchatka, the sardine cisco lives in the Lake
Tkhuklu and in the basin of the Oblukovina River. It is
also found in the Kara Bay, the mouths of the rivers
of the Western Yamal, on the islands of the Arctic
Ocean (Kolguev Island, Novosibirskie Islands), and
in the transbaikalian Lake Baunt (Reshetnikov, 1980).

C. sardinella lives as well in the Arctic lakes of
the Pechora-Pyasinskaya lake-river system of the
Putorana Plateau (Lakes Norilskie, including Lama
and Melkoe) in harsh hydrological conditions with
a very short and cool summer, which lasts about
two months, starting in the end of June (Nikulina
and Romanov, 2019). In the Lake Taimyr, vendace
is characterized by low growth rate, since this lake
is the northernmost habitat for this species and is
characterized by the least amount of the annual heat
(Popov, 2007). In the Krasnoyarsk Krai, in particular
in the reservoirs of the Taimyr Peninsula, the
Putorana Plateau and the Yenisei River, the greatest
diversity of local herds of sardine cisco is observed
(Kizhevatov, 2007).

All forms of vendace are important commercial
fish species in Russia and Europe (Popov, 2007;
Sarvala et al., 2020). The sardine cisco is one of the
most important commercial species of whitefishes
beyond the Arctic Circle in the permafrost zone, in
the basins of the Khatanga River (Balakhna and Khet
forms), Yenisei River (Turukhansk and Kara forms),
and Kolyma River (Bogdanov and Bogdanova, 2008;
Kirillov and Fedorova, 2010; Nikulina et al., 2018;
Sergienko, 2015). The vendace flesh is characterized
by a high content of omega-3-polyunsaturated fatty
acids, macro- and microelements, and vitamins
(Gnedov, 2009). Large and fat vendace from the
Lake Pleshcheyevo (town of Pereslavl-Zalessky),
or “Pereslavl herring”, was included in the menu of
tsars during the reign of Alexei Mikhailovich (1629—
1676, reigned from 1645 until the death); since 1675,
according to his decree, the vendace in this lake was
taken under protection. Nowadays, it is still included
in the Red List of the Russian Federation. There is
a high content of essential amino acids in the tissue
proteins of sardine cisco (Lebedeva and Abramov,
2015). This is especially important for the indigenous
people of the northern regions of Russia living in a
harsh climate (including Yakutia), since a person’s
need for valuable protein may mostly be met by
including vendace in the diet, especially as raw flesh
(Abramov et al., 2018).

Vendace species are traditionally considered
planktivorous, feeding mainly on zoo- and
ichthyoplankton (Chernyaev, 2017). However, their
feeding on zoobenthos, water-surface insects, and
other food components is increasingly described in
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the scientific literature (Berezina et al., 2018; Liso et
al., 2011; Scharf et al., 2008; Zubova and Kashulin,
2019). In the lakes and rivers of the Pasvik Nature
Reserve (northern Norway), fish (nine-spined
stickleback) were a part of the food spectrum of
the small European vendace C. albula (body length
11-19 cm), which was associated with the scarcity
of zooplankton (Liso et al., 2011). The share of fish
reached 20% of the food bolus by mass, the rest was
formed by aerial insects, Cladocera, Copepoda, and
by small number of benthic organisms (Liso et al.,
2011; Reshetnikov et al., 2020). The food spectrum
of large forms of C. albula, Ladoga vendace (ripus)
and Onega vendace (kilets), fish fry, smelt, and fry
of vendace (kannibalism) were also found along with
zooplankton, mysids, and chironomids (Babiy and
Sergeeva, 2003; Reshetnikov, 2004). Apparently,
vendace may consume different food, and its food
spectrum may change in different types of habitats.
In this regard, we aim to analyze the qualitative
composition of the food of European vendace
(Coregonus albula) and sardine cisco (C. sardinella)
inhabiting various regions of Eurasia.

Materials and methods

The material was the available published data
on the composition and relative content of food
organisms in the food bolus of small-sized forms
of two vendace species (Coregonus albula and
C. sardinella) from the water bodies of Russia
(Yaroslavl, Vologda, Kaliningrad, Novosibirsk,
Arkhangelsk and Murmansk Oblasts; Altai Krai and
Krasnoyarsk Krai; the Republics of Karelia and
Komi Republic Yamalo-Nenets Autonomous Okrug),
Finland, Sweden, Norway, Lithuania and Poland. The
frequency of occurrence and the share by abundance
and weight (%) of various food components in the
food bolus of fish (Popova and Reshetnikov, 2011).

Results and discussion

Central Russia

Lake Pleshcheyevo is one of the lakes in the
Volga River basin rich in European vendace C. albula
(Gerasimov et al., 2019). From May through October,
planktonic Cladocera are the main food for vendace
in this reservoir, benthic organisms are recorded in
the food bolus only occasionally (Khal’ko et al., 2019).
Large cladocerans such as Leptodora kindltii (Focke,
1844) and Bythotrephes brevimanus (Lillieborg,
1901) and small crustaceans Bosmina spp. and
Daphnia longispina (O.F. Muller, 1785) are the most
importantin the diet of vendace in this lake, when their
frequency of occurrence may reach 100% (Table 1).
Nauplii and copepodites of Copepoda were abundant
in the food bolus in more than 70% of the studied
fish. The larvae of dragonflies and chironomids were
recorded singly (Khal’ko et al., 2019).

In summer, European vendace feeds mainly
on cladocerans of the genera Bosmina, Chydorus,
Leptodora, and Bythotrephes in the pelagic zone of
the open reaches of the Rybinsk Reservoir, where
average zooplankton biomass reaches 1.5-2.0 g/m?
(Kiyashko and Slyn’ko, 2003). As a rule, the frequency
of occurrence of these crustaceans is 100% in the
fish stomach, and their relative importance may reach
90%. For example, in the stomach of one vendace
(body length 16.3 cm), there were 1400 specimens
of Chydorus sphaericus (O.F. Miuller, 1776),
753 specimens of Bosmina coregoni Baird, 1857, and
232 specimens of Bythotrephes longimanus (Leydig,
1860) (Kiyashko and Slyn’ko, 2003). By autumn, the
stomachfillingindices of vendace and other fish usually
decreased (down to 0.514%) (Kiyashko and Slyn’ko,
2003). A decrease in the feeding intensity of vendace
in the open reaches of the reservoir is associated with
a seasonal decrease in the zooplankton abundance,
when in some years, the zooplankton biomass was
20 times and even more lower by autumn than in
summer (Lazareva and Sokolova, 2018). The mass
development of cladocerans, which make up the
main food of vendace, takes place in the surface
water layer. Therefore, European vendace during
the growing period keeps in the upper 5—-10-m water
layer. It descends to the bottom habitats only as the
spawning period starts, in October—November, so
a change in the food composition may also occur.
Therefore, the food spectra of vendace caught in the
sublittoral of the reservoir differs from that of fish from
the pelagic group (Table 1). Amphipod crustaceans
Gmelinoides fasciatus (Stebbing, 1899), which
dominated in the benthos during the sampling period
(October), comprised 90% by weight of the diet of
coastal fish (Berezina and Strel’nikova, 2010).

In Lake Pleshcheyevo, vendace does not consume
much zoobenthos in the autumn period, as noted in the
Rybinsk reservoir, since the zooplankton production
in this lake is quite high throughout the season
(Stolbunova, 2006). Daphnia cucullata (Sars, 1862),
Bosmina coregoni, and Eudiaptomus graciloides
(Lilleborg, 1888) dominate in zooplankton by biomass
in September—October. At the same time, the biomass
of zooplankton is quite high (up to 21 g/m?®) both in the
littoral zone among aquatic vegetation and in the deep-
water part of the lake.

Northwest Russia

In the Lake Ladoga and Lake Onega, copepods
and cladocerans are main food components of the
small-sized C. albula (body length 10-14 cm); the
quantitative ratio of different species in the fish food
bolus varies depending on the season and the biomass
distribution in the reservoir. In Lake Onega, the
vendace larger than 14 cm also feeds on chironomid
larvae and pupae throughout the season, in addition
to cladocerans and copepods; in August, chironomids
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Table 1. Species and groups of invertebrates forming the food basis of vendace in various water bodies of Eurasia.

Lake

Month

Fish
length,
mm

Dominant food items

Reference

Rybinskoe
(Volga River)

Pleshcheyevo

Ladoga

Onega

Syamozero

Vishtynetskoe

Vozhe

Krivoe

Imandra

VII-X

VI-X

V—-IX

VI-IX

VII-IX

VII-IX

V—-IX

VI-X

VII-IX

85-180

150-210

100-140

100-186

123-195

100-180

135-170

86—-180

Bosmina coregoni

Bythotrephes spp.

Leptodora kindtii
Chydorus sphaericus
Gmelinoides fasciatus

Leptodora kindtii

Bythotrephes brevimanus

Bosmina coregoni
B. longirostris
Daphnia longispina
Megacyclops viridis

Asplanchna priodonta
Daphnia spp.
Bosmina spp.

Holopedium gibberum

Eudiaptomus gracilis

Sida crystallina

Polyphemus pediculus

Bosmina longimanus
Leptodora kindtii

Limnocalanus macrurus

Eurytemora lacustris

Leptodora kindtii

Bythotrephes cederstrémii

Eudiaptomus gracilis
Bosmina coregoni
Daphnia longispina
D. cristata

Leptodora kindtii

Bythotrephes longimanus

Daphnia cucullata

Heterocope appendiculata

Chydorus ovalis,

Eudiaptomus graciloides

Bosmina coregoni

Heterocope appendiculata
pupae and larvae of aquatic insects

Gammarus lacusris
Monoporeia affinis
Phryganea bipunctata
Ephemera vulgata
Sphaerium nitidum
Bosmina longirostris
Sida crystallina
Megacyclops spp.

Centroptilum spp.
Cricotopus spp.
Psectrocladius spp.
Prodiamesa spp.
Diamesa spp.
Stictochironomus spp.
Euglesa spp.
Limnephilidae

Kiyashko and

Slyn’ko, 2003;

Berezina and
Strelnikova, 2010

Khal’ko et al., 2019

Kuchko et al., 2017

Mal’tseva, 1983

Sterligova et al.,
2002; Sterligova and
I’'mast, 2016

Krivopuskova et al.,
2014; Mychkova et
al., 2017

Zuyanova et al., 1994

Berezina et al., 2021;
Berezina et al., 2018

Zubova and Kashulin,
2019; Zubova et al.,
2020
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Fish
Lake Month length, Dominant food items Reference
mm
Leptodora kindtii AL
Medve VII-IX  184-250 Bosmina spp. Wiéski, 2002
Bythotrephes spp.
; V-VII, Daphnia cucullata
Leginske || 170-265 Eudiaptomus spp. Szyputa, 1965
Cyclops spp.
; Cyclops strenus Mamcarz and
Khazhikovske -VI 161-181 Daphnia spp. Bloniarz, 1995
Bosmina coregoni
. 5 » Daphnia spp. "
Suomunyarvi IV—X 82-234 Cyclops scutifer Viljanen, 1983
Heterocope appendiculata
Bosmina coregoni ;
Bolmen VII-X - Holopedium gibberum Hamrin, 1983
Bosmina longispina
Melaren VI-X 112-280 Limnocalanus macrurus lﬂgnr,tlrr]ﬁgrt%%%%
Heterocope appendiculata ’
Bosmina spp.
Golodnaya Inlet  VII-VIII  150-190 Daphnia spp. Fadeeva, 1999
Chydorus spp.
Korovinskaya Cladocera Kornilova and
Inlet VIEVIIE160-200 imagoe and pupae of Chironomidae Panova, 1964
Cladocera
Bolshoi Kharbei  VII-IX  150-190 larvae of Chironomidae Sidorov, 1974
mollusks
Bosmina spp.
Lama and Limnocalanus grimaldii Vershinin and
Melkoe VII=VIII - 170-250 L. macrurus Sycheva, 1964;
imagoe, larvae, and pupae of Romanova, 1948
Chironomidae
Bosmina spp.
Daphnia spp.
Senecella calanoides Leshchinskaya,
11111, Bythotrephes spp. 1962; Stepanova,
Ob Bay VIII-IX,  90-270 Limnocalanus macrurus 2017; Stepanova
Xl Monoporea affinis and Stepanov, 2006;
Cyclops spp. Yukhneva, 1955;
Heterocope sp.
Onisimus sp.
Bosmina longirostris
Limnocalanus macrurus
Kolyma River VIII-X 80-180 Planorbidae Fedorova et al., 2011
Pisidiidae

Odonata
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comprise more than 70% by mass of the food bolus
(Mal'tseva, 1983). In these lakes, during the summer
and until early September, vendace usually stays in the
warmest upper 5—-10-m water layer due to the largest
accumulation of plankton here (Nikolaev, 1983).

According to Ya.A. Kuchko et al. (2017), in
northern Lake Ladoga at the beginning of summer,
rotifers Asplanchna priodonta (Gosse, 1850),
Kellicottia longispina (Kellicott, 1879), and Keratella
cochlearis (Gosse, 1851) along with copepods of the
genera Mesocyclops and Thermocyclops constitute
the basis of the vendace ration (75% by mass of all
consumed organisms); during this period, the share
of crustacean zooplankton in the natural communities
is low. As the waters warm up and throughout
the summer, vendace consumes most significant
cladocerans of pelagic zooplankton (Daphnia
cristata (Sars, 1862), D. longispina, Holopedium
gibberum (Zaddach, 1855), Bosmina coregoni, and
B. longirostris (O.F. Muller, 1785)) and copepods
(Eudiaptomus gracilis (Sars, 1863) and Cyclops
strenuus (Fisher, 1851)), as well as representatives
of the littoral fauna of the thickets: Sida crystallina
(O.F. Mdller, 1776), Polyphemus pediculus
(O.F. Mduller, 1785), Ceriodaphnia quadrangula
(O.F. Mdller, 1785), Macrocyclops albidus (Jurine,
1820), and Megacyclops Vviridis (Jurine, 1820)
(Kuchko et al., 2017).

In autumn, other zooplankton species dominate
in the pelagic and littoral of Onega and Ladoga lakes,
but the food composition of vendace remains similar
to the summer period, when cladocerans make up
90% of its ration (Sterligova et al., 2002).

Large crustaceans Leptodora kindltii,
Bythotrephes cederstromii Schddler, 1877, Bosmina
spp., H. gibberum, and E. gracilis are main forms
of zooplankton consumed by vendace in Lake
Syamozero, southern Karelia (Sterligova and II'mast,
2016). During insect swarming, vendace switches to
this prey; aerial insects may bring up to 99% by mass
of the food bolus. In spring, copepod crustaceans
are the main food for vendace in the boreal lakes of
Karelia, with E. gracilis being the absolute dominant
(81.8%). Cladocerans are basis of ration of vendace
(body length of 12.3—19.5 cm) in summer and autumn,
when Bosmina coregoni, Daphnia longispina,
D. cristata, B. cederstromii, and L. kindftii are the main
food objects. Rotifers are noted in small humbers.
The share of copepods in the summer months is
small (3.2%), but increases in autumn (31.7%).

In the lakes of the Arkhangelsk Oblast,
vendace has nearly no food competition with other
species (Dvoryankin, 2009). In the Lake Kenozero,
cladocerans of the genus Daphnia are the main
components (96.5%) of its diet in the autumn period
(Dvoryankin, 2009). In the Lake Lekshmozero,
cladocerans Daphnia (61.3%) and Bosmina (27%)
are the main food for vendace, the share of copepods

reach 11.5% by abundance; larvae of chironomids,
caddis flies, and aerial insects constitutes less than
1% (Dvoryankin, 2009).

In the Lake Vishtynetskoe, representatives of
the genus Daphnia (47.5% according to the index
of relative importance) and copepods (37.5%)
dominate in the vendace diet (Krivopuskova et
al., 2014). In summer, high selectivity for large
representatives of zooplankton (Leptodora kindltii
and Bythotrephes longimanus) has been revealed.
These two cladoceran species are presented in the
food bolus of vendace in large numbers even when
their biomass in the lake is low. Benthic organisms
(larvae of chironomids and oligochaetes) and rotifers
are also found in the food bolus, but their proportion
is less than 1%. The presence of chironomid pupae
in the food bolus of vendace is noted in the period
preceding the swarming of these insects. Changes in
the diet of vendace are noted when the places of its
localization change. For example, during abnormally
warm periods in the Lake Vishtynetskoe, vendace
descends down to cooled near-bottom water layers;
during homothermy, the population is dispersed
throughout the lake, approaching shallow water;
benthic invertebrates dominate in the diet of vendace
during this period (Krivopuskova et al., 2014).

In the Lake Vishtynetskoe, there is a seasonal
change in the species composition of food items in
the diet of vendace. In autumn, Daphnia cucullata,
B. longimanus, L. kindtii, Chydorus ovalis (Kurz,
1875), as well as rotifers dominate in the food bolus
of fish. At the same time, the copepods E. graciloides,
Heterocope appendiculata (Sars, 1863),
harpacticides, and plants are the additional food
objects. In the winter post-spawning period, vendace
feeds mainly on copepods (35%), zooplankton
species dominanting in winter (over 89% of total
abundance), and plants (28.6%) (Mychkova et al.,
2017). E. graciloides and H. appendiculata contribute
45.5% and 29.9% by mass, respectively.

Northern Russia

In the subarctic lakes of Russia, characterized by
a low zooplankton productivity, benthic invertebrates
are increasingly found in the vendace food spectrum
(Berezina et al., 2021; Berezina et al., 2018). In Lake
Vozhe (northern Vologda Oblast, upper reaches of
the Onega River), the food spectrum of C. albula
expands, showing specific seasonal peculiarities
(Zuyanova et al.,, 1994). From May to autumn,
zooplankton and insect imagoes are the main food
objects; however, a frequent change of dominant
planktonic species leads to the change in the food
spectrum. Thus, in spring and early summer, Bosmina
coregoni and Heterocope appendiculata were the
main food objects, in August, these were Cyclops,
Diaptomus, and Daphnia (Zuyanova et al., 1994).
Pupae and larvae of aquatic insects (chironomids,
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mayflies, caddis flies, and dragonflies) are noted
in the food bolus quite often; sometimes aquatic
mites, nematodes, oligochaetes, plant debris, and
phytoplankton are also found.

In the Lake Imandra, vendace feeds mostly on
benthic organisms. Benthic invertebrates are found
in 67% of vendace specimens (up to 15 cm length),
and zooplankton, only in 25% of studied vendace
specimens (Zubova et al., 2020). The index of the
relative importance of zoobenthos exceeds sixfold the
index of zooplankton (Table 1). Large vendace (body
length > 15 cm), the food bolus is presented by 94.7%
by the representatives of macrozoobenthos: larvae
and pupae of chironomids, caddis flies Limnephilidae,
bivalve mollusks of the genus Euglesa, bugs, and
nematodes (Zubova and Kashulin, 2019). The
larvae of chironomids of the genera Centroptilum,
Cricotopus, Diamesa, Prodiamesa, Psectrocladius,
and Stictochironomus, as well as the larvae of
Coleoptera of the genus Dytiscus, were the dominant
groups of benthic organisms in the diet of vendace.
Amphipods, larvae of stoneflies, and gastropods
of the genus Valvata make up 17% by mass in
the food bolus. Therefore, according to the type
of food, the European vendace in Lake Imandra is
characterized as an omnivorous predator preferring
macrozoobenthos.

Vendace of small northern lakes in Karelia (Krivoe,
Nizhnee Starushech’e) are characterized by high
seasonal variability in nutrition and the contribution of
various groups of benthos and plankton to their diet
(Berezina et al., 2018; Berezina et al., 2021). Analysis
of stable nitrogen and carbon isotopes in fish tissues
and their potential food sources revealed four trophic
levels in the food webs of Lake Krivoe and highly
pronounced euryphagy. In summer, the fish was
characterized by a mixed diet, using food resources
of predominantly benthic origin in both coastal and
deep habitats (Berezina et al., 2018). Among them,
bottom amphipods Gammarus lacustris Sars, 1863
and Monoporeia affinis (Lindstrém, 1855) accounted
for 67—75% of the assimilated food of fish, planktonic
crustaceans, 2-5%. These data are somewhat
contradict the results of the analysis of fish stomachs:
for example, the contribution of zooplankton in food
bolus may reach 22% in summer and early autumn
(Berezina et al., 2018). In contrast to summer and
autumn, in the ice winter-spring period, the share of
planktonic crustaceans and insect larvae in the food
bolus of vendace was rather high (37-54% and 24—
42%, respectively), while amphipods (G. lacustris,
M. affinis) accounted for less than 20%. In general,
macroinvertebrates were the main food resource
of vendace in small subarctic lakes throughout the
year, but crustacean plankton was also important in
its diet; its role especially increased in the autumn-
winter period (Berezina et al., 2021; N.A. Berezina,
unpublished data, 2020-2021).

Europe

Analysis of publications on the feeding of small-
sized vendace C. albula in boreal lakes in a number
of European countries evidences that zooplankton
is the basis of its nutrition. At the same time,
cladocerans and copepods are dominant zooplankton
representatives in all lakes (Table 1).

In the small lakes of Lithuania, in the summer-
autumn period, C. albula consumes a wide range
of prey, 19 taxa (Bukelskis and Umbrasaite, 2016),
being a typical planktivore. In all lakes, cladocerans,
copepods, and chironomid larvae prevail in their diet.
The vendace also consumed the mollusks Bithynia and
Dreissena (Lake Chichiris) and mysids (Lake Daugai).

In Lake Wigry (northeastern Poland), a close
relationship between the food spectrum of vendace
and seasonal dynamics of abundance and species
diversity of zooplankton has been observed
(Czarkowski et al., 2007). In spring and autumn,
vendace feeds on large copepods Cyclops vicinus
Ulyanin, 1875 and Eudiaptomus graciloides, in
summer, these are cladocerans (Daphnia cucullata,
D. cristata, and D. hyalina Leydig, 1860); larvae and
pupae of amphibiotic insects (Chaoborus sp. and
Microtendipes sp.) are recorded in small numbers.

In the lakes of Finland, Germany, and Sweden,
European vendace (C. albula) is known primarily
as planktivorous, i.e. it feeds mainly on seasonally
abundant zooplankton such as cladocerans and
copepods, with a small addition of insect larvae
(Mamcarz and Btoniarz, 1995; Schulz et al.,
2003; Viljanen, 1983). If such large food items as
Bythotrephes longimanus, Leptodora kindtii, and
mysids are available, they become dominant in the
diet (Scharf et al., 2008; Schulz et al., 2003; Viljanen,
1983). Benthic organisms (larvae of chironomids and
amphipods) are noted as single and sporadic food
components (< 2%) in the vendace diet (Northcote
and Hammar 2006; Scharf et al., 2008).

Some studies have revealed patterns in the food
preferences of vendace; for example, mysids were
consumed in different seasons of the year, while
nauplii of copepods were always avoided (Scharf et
al., 2008). Mysids were found in large numbers in the
stomachs of vendace, when their abundance in the
pelagic zone was high alongside a low availability of
mesozooplankton.

According to selectivity indices, vendace usually
prefers large species of cladocerans and copepods
in Finnish lakes (Viljanen, 1983); therefore, changes
in its food spectrum reflect seasonal changes in
the zooplankton community and depend on the
abundance of available food organisms.

Bolshemelskaya Tundra and
Malozemelskaya Tundra

Vendaces are numerous in the lakes of the
Malozemelskaya Tundra. In the Lake Golodnaya
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Guba, vendace (body length up to 19 cm) feeds on
cladocerans of the genera Bosmina, Chydorus, and
Daphnia in July—August (Kornilova, 1967; Fadeeva,
1999). Chironomid larvae and pupae, as well as their
imagoes, are also occasionally found in the food bolus
of these fish. A characteristic feature of this lake, as
well as of other water bodies of northern latitudes,
is low feeding capacity for planktivorous fish, since
the abundance of the genera Bosmina, Chydorus,
Daphnia, Conochilus, as well as Keratella cochlearis
and Kellicottia longispina, is low, from 0.3 to 0.6 g/m3
(Imant et al., 2018).

In the Usa River, in autumn, C. sardinella (15—
21 cm)feeds mainly onimagoes of aerial insects, three
quarters (72.8%) of the food bolus were presented by
them (Borovskaya and Novoselov, 2020). High values
of the proportion of adult insects in the food bolus
coincided with the moments of their emergence from
the water after metamorphosis. Diptera Simuliidae
(24-51% by weight), Mycetophilidae, Muscidae, and
Chironomidae prevailed among these insects in the
stomachs of vendace. Aquatic insect larvae living on
the sediment surface (larvae of chironomids, coastal
flies, caddis flies, stoneflies, and mayflies) were less
important in the diet of vendace, accounting for 24%
by weight.

In August-September, the Pechora vendace
migrates to rivers to spawning grounds, it usually
keeps in the surface water layer, so it feeds on the
surface, collecting insect imagoes: midges and
mosquitoes (Solovkina, 1962). In the delta and estuary
of the Pechora River, vendace feeds on planktonic
and benthic invertebrates (Fadeeva, 1999). In the
floodplain and riverbed water bodies of the Pechora
River, at the end of July, C. sardinella consumes
crustaceans in significant quantities (Zvereva et al.,
1953). European vendace, feeding directly in the
riverbed and its tributaries, feeds mostly on insect
imagoes (both terrestrial and aquatic forms), as well
as on benthic invertebrates (Solovkina, 1962). Larvae
of chironomids, caddis flies, mayflies, and stoneflies
were found in the food spectrum. Zooplankton was
rare in the stomachs of the vendace feeding at the
riverbed.

In the Pechora River delta, vendace has the
opportunity to feed on plankton only during warm
years. During these periods, cladocerans, chironomid
pupae, and insect imagoes form the basis of its
summer diet (Kornilova and Panova, 1964). In cold
years, in the river delta and in the Korovinskaya Inlet
of the Pechora Bay, the development of zooplankton is
insufficient to fully support vendace needs (Kornilova,
1970).

In the Lake Bolshoi Kharbei (basin of the Pechora
River, eastern part of the Bolshezemelskaya Tundra),
as in other tundra lakes, extremely warm years
alternate with extremely cold ones (Loskutova,
2002). The food spectrum of vendace in the Kharbei

Lakes in warm years (August—September) is usually
represented by zooplankton (> 50%), while in cold
years, vendace feeds mainly on benthic invertebrates,
such as chironomid larvae and mollusks (Sidorov,
1974). The food spectrum of fish living in different
lakes varies greatly. For example, in the Lake Bolshoi
Kharbei, in a warm year, cladocerans (67% by
weight) dominated in the diet of vendace, while these
were copepods in the Vashutka Lakes (Kuchina and
Solovkina, 1970; Sidorov and Reshetnikov, 2014).

Western and Eastern Siberia

The shallow (down to 20 m deep) Gulf of Ob
(the estuary of the Ob River) is covered by ice for
most of the year (240 days). River waters, carrying
micronutrients and heat from the south, mix here with
the cold salty waters of the Kara Sea, which promotes
specific hydrological and hydrochemical conditions
favorable for the mass development of plankton and
benthos and for the reproduction of vendace.

Almost all fish living in the Gulf of Ob feed
on benthos; only vendace and smelt consume
zooplankton. According to V.S. Yukhneva (1955), in
summer, in the Gulf of Ob, vendace feeds mainly
on planktonic crustaceans of the genera Daphnia,
Bosmina, Cyclops, etc. (Table 1). Vendace from the
middle part of the bay prefers crustaceans of the
genus Heterocope and the family Diaptomidae, and
in the northern part, the food is mainly presented by
Senecella calanoides Juday, 1923, Bosmina sp., and
Daphnia sp. (Leshchinskaya, 1962).

In the Gulf of Ob, the food spectrum of vendace
in autumn and winter differs significantly from that in
summer. In September and October, vendace (body
length 16—27 cm) consumes amphipods Monoporeia
affinis, which may make up 100% of the stomach
contents (up to 600 ind. per fish) (Stepanova and
Stepanov, 2006). In December—January, copepod
Limnocalanus macrurus G.O. Sars, 1863 and mysids
were found in its diet in addition to M. affinis. At the
same time, about half of the studied fish were actively
feeding. In February—March, calanoids, among which
L. macrurus dominated (up to 100% by biomass) were
still the main food items for vendace (Stepanova,
2017). The frequency of occurrence of amphipods
(most often Onisimus spp.) was 25%, mysids, 12%.
Therefore, during the ice period, vendace in the
Gulf of Ob is characterized by a mixed diet with a
predominance of large crustaceans.

In the lakes of the Norilsk-Pyasinskaya lake-river
system, characterized by a harsh climate, vendace
is characterized by high feeding plasticity (Nikulina
and Romanov, 2019; Popov, 2007) and a mixed
type of diet, including zooplankton, zoobenthos, and
aquatic vegetation (Romanova, 1948; Sycheva and
Luk’yanchikov, 1964). According to N.V. Vershinina
and A.V. Sycheva (1964), young vendace living in the
coastal areas of the Putorana Plateau (lakes Lama
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and Melkoe) feed on rotifers, crustacean plankton,
chironomid larvae and pupae, and insect imagoes.
The food spectrum of adult fish (body length
up to 25 cm) feeding in the pelagic zone is narrower;
it mainly includes cladocerans of the genus Bosmina,
large calanoids Limnocalanus grimaldii (Guerne,
1886) and L. macrurus, and, to a lesser extent, larvae
and pupae of chironomids. The rotifers and copepods
usually dominate in zooplankton of these lakes
(total average biomass of 0.5 g/m?®), while more than
40 species of chironomids and amphipods inhabit
zoobenthic communities (Zadelenov et al., 2017).

The food spectrum of vendace in the high-latitude
Lake Taimyr varies from year to year depending on
the plankton and benthos development during the
very short summer. For example, vendace in the Lake
Taimyr fed exclusively on copepods in the pelagic
zone, only occasionally eating chironomid larvae
(Greze, 1957), but according to other authors Taimyr
vendace consumed mainly benthos (amphipods and
mysids), as well as aerial insects (Malinina et al.,
1988). In the spring, during the flood, shallow bays
and inlets are formed around the Lake Taimyr for
3—4 weeks, which serve as additional feeding grounds
for vendace. In summer, the zooplankton biomass in
the lake is low (0.16—0.23 g/m?®), while zoobenthos is
well developed, especially in bays, where its biomass
reaches 5.6 g/m? (Kiyashko, 1995). Moreover, 57% of
the fish were with empty stomachs. In well-warmed
bays of the Lake Taimyr, the vendace food spectrum
consists of amphipods, chironomid larvae, ostracods,
and mollusks (Kiyashko, 1995).

In the northern Krasnoyarsk Krai, in the Khatanga
River and Khatanga Bay, the diet of vendace was
mostly presented by the larvae of chironomids and
caddis flies, amphipods, mysids, and aquatic plants
(Lukyanchikov, 1967; Romanov, 1997; Romanov
and Karmanova, 2005). Zooplankton was poorly
represented in the diet of vendace in Khatanga River,
since it was extremely scarce in the river. Turukhansk
vendace from the middle and lower reaches of the
Yenisei River, as well as from other water bodies of
Siberia, is characterized by a mixed type of feeding.
However, in some years, vendace predominantly
feeds on zooplankton, and in other years, on benthic
invertebrates (Popov, 2007; Ustyugov, 1972, 1976).

The larvae of dragonflies and other insects (more
than 50% of the frequency of occurrence), mollusks
and amphipods were the main food components of
underyearlings in the Kolyma River (Fedorova et al.,
2011). In the two-year-old vendace, the proportion of
mollusks from the families Planorbidae and Pisidiidae
increased. In fish of older age groups, insect
larvae dominated in the diet. In the lower reaches
of the Kolyma River, where the zooplankton was
characterized by high share of rotifers, cladocerans
Bosmina longirostris and copepods Limnocalanus
macrurus (total abundance from 17 to 121 thousand

ind./m3), vendace nevertheless preferred to feed on
benthic invertebrates (Fedorova et al., 2011).

Conclusions

Analysis of the feeding of European vendace
and sardine cisco in various water bodies of Eurasia
(both temperate and high latitudes) evidences that
its food spectrum is quite wide: from small forms
of phytoplankton and zooplankton to large benthic
crustaceans, insect larvae, mollusks, and even fish.
Despite the fact that vendace is more adapted to
feeding on small crustaceans in the water column by
the structure of its jaw apparatus, it can also easily
feed on benthic invertebrates.

Water bodies located in the boreal zone of
Europe and Russia (Lake Pleshcheyevo, lakes of the
southern Karelia, Lake Ladoga, Lake Onega, Lake
Vishtynetskoe, Lake Lekshmozero, Lake Kenozero,
etc.) are characterized by a fairly high development of
the zooplankton community during the growing period
of vendace; thus, the dietary needs are fully met by
crustacean zooplankton. At the same time, feeding
mainly on cladocerans and copepods, vendace always
prefers larger objects, such as representatives of the
genera Leptodora, Bythotrephes, and Limnocalanus.
In most water bodies, where seasonal variability of the
qualitative and quantitative indicators of zooplankton
is observed, caused by both the peculiarities of
hydrological conditions and the specificity of the
biological cycles of zooplankton species, vendace
may alter the feeding strategy in accordance with the
emerging trophic conditions. If large benthic objects
are available, it can successfully feed on them,
preferring primarily crustaceans and insects, but if
this prey becomes unavailable, vendace may also
consume mollusks, fish, and phytobenthos. Including
all kinds of the most abundant benthic organisms,
planktonic animals, and aerial insects, vendace
has adapted to life in various reservoirs of different
latitudes and even in the very harsh conditions
of Siberia and the Arctic, where it is still one of the
most valuable fishing objects. Vendace has high
feeding plasticity along with poor development of
the food base; therefore, its food spectrum is very
diverse and variable both in regard to the season and
latitude, being highly dependent on biodiversity and
productivity of the reservoir.
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