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ABSTRACT

Understanding the diet variability of the White Sea wolffish, Anarhichas lupus marisalbi Barsukov, 1956, is es-
sential for explaining its population dynamics and variations in its life cycle. This study examined the food spec-
trum of wolffish from the coastal waters of Chupa Inlet (Kandalaksha Bay, White Sea) and analyzed interannual
and seasonal changes in the species composition of its diet. During the summer period, wolffish feeds on a variety
of macrobenthic organisms in its feeding grounds, particularly molluscs, echinoderms, crustaceans, and ascidians.
The diet was predominantly composed of bivalves and gastropods, with Buccinum undatum Linnaeus, 1758 and
Serripes groenlandicus (Mohr, 1786) being the most important prey species. Statistical analysis of multi-year
diet data from 2001 to 2023 revealed interannual variations in the frequency of occurrence of key food organisms
in wolffish stomachs. The results showed that in the early 2000s, the role of epibenthic crustaceans Hyas ara-
neus (Linnaeus, 1758) and Pagurus pubescens Kroyer, 1838 in the wolffish diet was significantly greater com-
pared to other years of the study. The dietary importance of the bivalve S. groenlandicus increased gradually
and statistically significantly during the observation period, while Buccinum undatum dominated the wolffish
diet throughout the entire study period. Overall, three species (B. undatum, S. groenlandicus, and Mytilus edulis
Linnaeus, 1758) accounted for a significant portion of the wolffish diet during 2001-2023. In some years, other
mollusc species, as well as crustaceans and the ascidian Styela rustica Linnaeus, 1767, were also included in the
group of important prey items. The feeding intensity of wolffish in Chupa Inlet showed interannual variability.
Throughout the observation period, certain years were identified as having the greatest frequency of fish with
empty stomachs. Female wolffish showed a seasonal pattern in the frequency of occurrence of individuals with
empty stomachs: the highest occurrence of such fish was observed during the spawning period of wolffish, in late
July to early August. No significant seasonal changes in the frequency of occurrence of individuals with empty
stomachs were found in males.
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PE3IOME

BaxkHBIM KOMIIOHEHTOM /IJIsi TOHUMAHWS U3MEHUYNBOCTHU KU3HEHHOTO IUKJA U IMHAMUKY TIOMYJIsIuii Ge-
JIOMOPCKOIi ToJiocatoli 3ybarku Anarhichas lupus marisalbi Barsukov, 1956 aBisieTcs 3HaHUE U3MEHYMBOCTU
cocTaBa ee MUTaHus. B paboTe M3ydYeHbl MUIIEBON CIEKTP, MEXKTOMOBbIE U CE30HHBIE U3MEHEHUSI BUOBOTO
cocraBa nuIny 3y06aTku u3 npubpexHbix Boj ryos Uyna (Kangamrakmckuii sanus Besnoro mops). B reTauit
nepro/ 3y6aTKa Ha HATYJIBHBIX YYaCTKaX MUTAETCS PA3JIMYHBIMU OPraHM3MaMK MaKPOOEHTOCA, a UMEHHO
MOJLITIOCKAMH, UTJIOKOKUMHU, PAKOOOPA3HBIMU W ACHUAUSIMEU. [[JOMUHUPYIOIUM KOMIIOHEHTOM B €€ MHIIe
SIBJISTIOTCS JIBYCTBOPYATHIE M OPIOXOHOTME MOJIIIOCKH, IPUYeM HamboJIblliee 3HAUEHNE B PAIlUOHE PHIO UMe-
au nBa Buaa — Buccinum undatum Linnaeus, 1758 u Serripes groenlandicus (Mohr, 1786). Cratuctuueckuii
aHaJM3 MHOTOJIeTHUX JaHHBIX (2001-2023 rr.) 10 cocTaBy UM 3y6aTKK BBISABUI MEKTOL0Bble U3MEHEHU S
YacTOT BCTPEYAEMOCTH HanboJiee BasKHBIX MUIIEBBIX OPraHU3MOB B ee JKeslyAKax. [loka3aHo, 4TO B HayaJse
2000-x rr. posib snbeHTUYeCKUX PakooOpasubix Hyas araneus (Linnaeus, 1758) u Pagurus pubescens Kroyer,
1838 B ee muTaHuUM GblJIa 3HAYUTENHHO BBIIIIE [0 CDABHEHUIO C OCTAJIBHBIMY FOIAMU UCCIE0BAHUN. SHAYEHYIE
IBYCTBOPYATOTO MOJLIIOCKA S. groenlandicus B nuiie 3y6aTKu MOCTENEHHO U 3HAYUMO YBEJIUYUIOCH B TIEPUOJ
Habuonenuit. Buccinum undatum nOMUHUPOBAJ B PAl[MOHe 3yOATKU Ha MPOTSKEHUM BCETO MEPUOJA MOHMU-
topunra. B uesnom, Tpu Buna (B. undatum, S. groenlandicus v Mytilus edulis Linnaeus, 1758) obecneuniu 3Ha-
YUTEIBHYIO 9acTh paruona 3yb6arku B mepuosa 2001-2023 rr. B oTebHbIe TOIBI B IPYIINY BaXKHBIX IIUIIEBBIX
006bEKTOB BXOIMJIU U HEKOTOPbIE IPYTHE BU/BI MOJLITIOCKOB, a TAKXKe PaKooOpasHble u aciuaus Styela rustica
Linnaeus, 1767. O6HapysKeHa MeKI0oA0Basi K3MEHUYNBOCTh HHTEHCUBHOCTH OTKOpMa 3yGaTku B ryGe Uyma.
Ha npoTsixkeHnu nepuroja HabIO[eHNI BBISIBIEHBI TOJIBI, KOT/a BCTPEYAEMOCTD PBHIO € MYCTBIMU XKeIyIKa-
Mu Obljia Hanbosrbliel. Y caMoK 3y6aTku 0OHapyKeHa Ce30HHas AMHAMMKA YaCTOTHI BCTPEYAEMOCTH 0Cc0obei
CILyCTBIMU XKenyakamu. HanGorblast BCTpeyaeMoCTh TaKUX PoIO Obljla OTMeUeHa B IIEPUOJ HepecTa 3y 6aTKH,
B KOHIIE UIOJISI — HAYaJle aBrycTa. Y CaMIIOB 3HAYUMBIX CE30HHBIX U3MEHEHWII B 4aCTOTE BCTPEYAEMOCTH OCO-
6eii ¢ MyCTHIMY JKeJIyIKaMy He HaGJI10a10Ch.

KaiouesBsie cioBa: MUTaHue, 9KOJOTHU I, MHOTOJIeTHUE U3MeHeHus, beioe Mope, 3y6aTKa

INTRODUCTION

The structure and dynamics of trophic relation-
ships between fish and benthic organisms in marine
coastal communities are complex phenomena in-
fluenced by multiple factors and mechanisms. The
diet composition and the importance of forage spe-
cies for predatory fish are largely determined by the
availability and abundance of prey items in feeding
grounds (Johannesen et al. 2012; Sell and Kroncke
2013; Townhill et al. 2021). In local coastal habi-
tats, the biomass and species richness of benthic as-
semblages show constant small-scale variability over
different time intervals. Long-term studies explor-
ing the dynamics of this variability in the structure
of benthic macrofauna in coastal ecosystems and the
driving factors of this dynamics are among the most
important areas of research in marine ecology (Peter-

sen 1978; Golikov et al. 1986; Fromentin et al. 1997;
Beukema et al. 2001; Schiickel et al. 2010; Sukhotin
and Berger 2013; Varfolomeeva and Naumov 2013).
Fluctuations in the abundance of dominant species
in communities are primarily related to the impact
of local or regional drivers, as well as internal pro-
cesses — population dynamics of species abundance,
intraspecific competition, hydrological regime, and
others. The dynamic processes occurring in benthic
biocenoses under the influence of these factors affect
the structure of marine communities and impact the
trophic relationships of invertebrate organisms and
several common species of benthivorous fish that in-
habit or spend certain periods of their life in shallow
coastal marine habitats. One such species that can
serve as an indicator of long-term variation in the
structure of coastal benthic biocenoses is the Atlan-
tic wolffish, Anarhichas lupus Linnaeus, 1758.
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Long-term variations in the diet composition of wolffish

The Atlantic wolffish is a demersal species widely
distributed in the boreal waters of the North Atlan-
tic (off the coasts of the USA, Canada, Greenland,
and Iceland), from the British Isles and further north
to the Arctic and the White Sea in northern Russia
(Barsukov 1986). A number of authors have shown
that this predator is a major consumer of various
macrobenthic organisms (Barsukov and Nizovtsev
1960; Kudersky and Rusanova 1963; Jénsson 1982;
Albikovskaya 1983; Templeman 1985) and can af-
fect the abundance of its prey species in biocenoses.
For instance, in the Northwest Atlantic, wolffish is
considered a key predator of echinoids and has the
capacity to influence green sea urchin populations
(Keats et al. 1986; Hagen and Mann 1992). The un-
derstanding of how the population of wolffish relates
to their habitats through trophic webs over space and
time is crucial for analyzing the impact of multi-scale
processes on its population dynamics and life-histo-
ry variations. It is clear that such biocenotic relation-
ships are best studied in areas where local wolffish
populations and their habitats are not subjected to
intensive fishing-induced impact or other external
influences.

Anarhichas lupus marisalbi Barsukov, 1956,
a subspecies of the Atlantic wolffish, primarily in-
habits the coastal waters of Kandalaksha Bay in the
White Sea (Altukhov et al. 1958). The White Sea
wolffish is most abundant along the Karelian coast of
the bay (Nikolaev 1951; Barsukov 1956; Mukhomedi-
yarov 1963), an area characterized by long stretches
of rocky coastlines and a relatively deep coastal zone
with a rocky seabed. Wolffish is generally not com-
mercially harvested in the White Sea region, but is
caught as by-catch, and local residents use the exi-
sting stocks for personal consumption. The litera-
ture contains some information on the morphology
and biological traits of the species (Barsukov 1959;
Mukhomediyarov 1963; Pavlov and Novikov 1993;
Yershov 2010a) and detailed studies have been con-
ducted under experimental conditions on its early
ontogeny, sexual maturation, and reproduction (Pav-
lov and Radzikhovskaya 1991; Pavlov et al. 1992;
Pavlov 1994; Pavlov and Moksness 1994). By con-
trast, published data on the feeding characteristics of
the White Sea wolffish are scarce. Some publications
provide only a brief description of the food spectrum
and diet composition. It has been shown that the
White Sea wolffish is a typical benthic predator that
does not make long feeding migrations and consumes
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a fairly broad range of prey organisms (Barsukov
1956; Kudersky and Rusanova 1963; Yershov 2010a).
The bulk of the adult wolffish diet in the studied areas
of the sea (Gridina and Chupa inlets; Velikaya Salma
Strait) consists of bivalve and gastropod molluscs. To
a lesser extent, wolffish consumes other representa-
tives of the macrofauna — crustaceans, polychaetes,
ascidians, and echinoderms. Molluscs are known to
dominate the structure of coastal biocenoses and
form fairly dense aggregations and large biomasses in
the intertidal and subtidal zones in different regions
of the White Sea (Kudersky 1966; Lukanin and
Oshurkov 1981; Naumov 2006). Populations of some
bivalve mollusc species that form dense settlements
and are part of wolffish’s main prey items (Mytilus
edulis, Serripes groenlandicus, and Arctica islandica)
often show cyclical fluctuations in abundance and
structural characteristics (Lukanin et al. 1986; Ge-
rasimova and Maximovich 1988, 2000, 2001, 2013).
These fluctuations in the biomass of these molluscs,
in turn, lead to changes in the species richness of ben-
thic assemblages (Golikov et al. 1978; Biittger et al.
2008; Khaitov 2013). In this regard, long-term data
on fish diet in specific habitats of wolffish are of par-
ticular interest for analyzing variation in its trophic
relationships with hydrobionts in coastal communi-
ties. It should be emphasized that variability in the
feeding habits of the White Sea wolffish at different
temporal scales remains unexplored.

The aim of this study was to examine long-term
variation in the qualitative composition of the diet
of the Atlantic wolffish during the summer period
(June—August) in Chupa Inlet of Kandalaksha Bay
of the White Sea.

MATERIAL AND METHODS

Collection and processing

The material for the study was collected from
June to August 2001-2023 in the mouth of Chupa
Inlet of Kandalaksha Bay (White Sea), at two sta-
tions (Kruglaya Inlet and Kartesh Cape) located ap-
proximately 0.5 km apart (Fig. 1).

Fish were caught during the observation period at
these fishing sites using 30-m long nets with a mesh
size of 30—40 mm. Control fishing data showed that
the wolffish feeding grounds included both relatively
deep (15-20 m) and shallow (up to 3 m) areas of the
coastal zone; therefore, the material from these two
closely located stations was combined. The largest
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Fig. 1. Map of the study area. Asterisks indicate the sampling locations. Numbers show depths in meters.

number of biological samples during the field seasons
was taken in July, which is explained by the active
pre-spawning and feeding migrations of wolffish in
the coastal zone of Chupa Inlet occurring during this
period. The total length (TL) of the caught fish (830
individuals) was measured to the nearest 0.1 cm and
their sex and gonad maturity stages were determined
after dissection.

The qualitative composition of the stomach con-
tents of wolffish was studied in 438 individuals (TL
27.4—64.2 cm). All prey items extracted from the
fish stomachs were identified to the species level. The
species list was checked for validity and made consis-
tent with World Registry of Marine Species database
(WoRMS 2024). The importance of each prey item
was evaluated using the frequency of occurrence (%)
only for those fish that had food in their gastrointesti-
nal tract (Borutskiy 1974). Feeding intensity was as-
sessed by the proportion of empty and full stomachs.

Statistical Analysis

All analyses and visualizations were performed
using packages from the statistical programming
language R 4.2.3 (R Core Team 2023). To analyze
the dynamics of the sex ratio in catches depending

on the season and year, a generalized additive mo-
del (GAM 1) was constructed, where the dependent
variable was the probability of encountering a fe-
male. In this and the following analyses, additive
model parameters were assessed using functions from
the “mgev” package (Wood 2017). In all cases, cu-
bic splines were used as the basis for fitting additive
models. The predictors in GAM 1 were the day of the
year (DOY, characterizing the dynamics during the
summer season) and the year (Year, describing the
multi-year dynamics).
GAM 1: Outcome=b,+ s;(DOY)+s,(Year)+s,

where:

b, is the intercept;

sy is a non-parametric smoothing function with
6 knots describing the change in the frequency of en-
countering females depending on DOY;

sy is a non-parametric smoothing function with
6 knots characterizing the change in the frequency of
encountering females depending on Year;

¢ are the residuals.

Only those individuals that had food in their
stomachs were selected for further statistical analy-
sis. For each prey item, the frequency of occurrence
was calculated as the ratio of the number of fish in
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which the species was found to the total number of
fish caught in that year. The Shannon index was used
to estimate the diversity of the dietary spectrum in
different years, which in this case was described us-
ing the following formula:

n;
Zn,-)

H=-%

n;
n, -log,(
where 7, is the number of occurrences of the i-th spe-
cies in a given year and I#; is the total number of
occurrences of all species in that year.

A non-parametric smoothing curve constructed
using the LOESS method (Cleveland and Loader
1996) was fitted to describe the multi-year trend of
this value.

To analyze the dynamics of occurrence of indivi-
dual species in the wolffish diet, 11 species were se-
lected whose frequency of occurrence in the ag-
gregated data exceeded 5%. Based on the data for
these species, the following logistic additive model
(GAM 2) was constructed:

GAM2: Outcome=s,(Year,|Speciesi)+by+Y brSpeciesite; ,
where:

b\ is the coefficient for each individual species;

s, are non-parametric smoothing functions fitted
for each individual species that describe the change
in the probability of encountering each species over
the observation period (Year).

If a given species was found in the fish stomachs,
the response variable was coded as 1; if it was absent,
the variable was coded as 0.

To analyze the seasonal and multi-year dynamics
of the frequency of wolffish with empty stomachs,
a logistic additive model (GAM 3) was construct-
ed. The model described the relationship between
the probability of encountering the fish with empty
stomachs and three predictors: Sex, DOY, and Year.
The dependent variable for this model was coded as
1 if the fish had an empty stomach, or 0 if its stomach
contained food. The model is described by the follow-
ing formula:

GAM 3: Outcome=by+b,Sexyi+s1(DOY|Sex)+s,(Year)+e,
where:

by is the parametric coefficient for the “Male” level
of the “Sex” factor (the “Female” level was set as the
baseline);

s; is a non-parametric smoothing function with
6 knots that describes the variation in the frequency
of occurrence of individuals with empty stomachs de-
pending on DOY, for each sex separately;
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sy is a non-parametric smoothing function with
6 knots that describes the variation in the frequency
of occurrence of individuals with empty stomachs de-
pending on Year, regardless of sex.

RESULTS

Species composition of prey items and its long-
term changes

Most of the captured wolffish were mature indi-
viduals, with 85% of the catch measuring 30-50 cm
in total length. No statistically significant differences
were found in the feeding habits between smaller and
larger individuals.

The male-to-female ratio in the combined sam-
ple was 1:1 across all years. The constructed model
(GAM 1) showed no significant seasonal or multi-
year variations in this parameter within the wolffish
population from Chupa Inlet (p > 0.05) (Table 1).

Stomach content analysis of the caught fish re-
vealed that wolffish in Chupa Inlet have a broad diet
consisting of benthic invertebrates (Table 2). Over
the entire observation period (2001-2023), their
diet was found to include 36 species of the Mollus-
ca, Crustacea, Ascidiacea, Ophiuroidea, and Echi-
noidea. Aggregated data from all observation years
showed that the most common species found in the
wolffish gastrointestinal tract were the molluscs
Buccinum undatum (50.2%) and S. groenlandicus
(32.4%) (Table 2). Secondary in importance were
some species of bivalves: M. edulis, Ciliatocardium
ciliatum, and A. islandica (12.3-16.4% by frequency
of occurrence). The molluscs Musculus discors, Litto-
rina littorea, and Tonicella marmorea, two epibenthic
crustaceans (Hyas araneus and Pagurus pubescens),
and the ascidian Styela rustica accounted for a small
proportion of the wolffish diet (5-10% by frequency
of occurrence). Other foods were of incidental occur-
rence in stomach contents and contributed very little
to the overall diet. The exoskeletons of benthic or-
ganisms were almost always found crushed.

Table 1. Parameters of smoothing functions for the GAM 7 model
that describes changes in the frequency of occurrence of female
wolffish during the summer months and throughout the entire
observation period in Chupa Inlet.

Model Term edf Chi.Sq pvalue
s(DOY) 1.00 0.77 0.381
s(Year) 1.00 1.48 0.223
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Table 2. Species composition of the food components of wolffish in Chupa Inlet from 2001 to 2023.

P.N. Yershov and V.M. Khaitov

Species

Taxon details

Frequency of occurrence, %

Buccinum undatum Linnaeus, 1758

Serripes groenlandicus (Mohr, 1786)
Mytilus edulis Linnaeus, 1758

Arctica islandica (Linnaeus, 1767)
Ciliatocardium ciliatum (O. Fabricius, 1780)
Styela rustica Linnaeus, 1767

Pagurus pubescens Kroyer, 1838

Musculus discors (Linnaeus, 1767)

Hyas araneus (Linnaeus, 1758)

Littorina littorea (Linnaeus, 1758)

Tonicella marmorea (O. Fabricius, 1780)
Cryptonatica affinis (Gmelin 1791)
Modiolus modiolus (Linnaeus, 1758)
Tridonta elliptica (T. Brown, 1827)
Tridonta borealis Schumacher, 1817
Littorina obtusata (Linnaeus, 1758)
Margarites groenlandicus (Gmelin, 1791)
Stongylocentrotus pallidus (Sars G.O., 1872)
Tridonta montagui (Dillwyn, 1817)
Littorina saxatilis (Olivi, 1792)
Sclerocrangon boreas (Phipps, 1774)
Ophiopholis aculeata (Linnaeus, 1767)
Testudinalia testudinalis (O.F. Miiller, 1776)
Lacuna vincta (Montagu, 1803)

Crenella decussata (Montagu, 1808)
Hiatella arctica (Linnaeus, 1767)

Lyonsia arenosa (Moller, 1842)

Musculus niger (J.E. Gray, 1824)

Chlamys islandica (O.F. Miiller, 1776)
Ariadnaria borealis (Broderip et G.B. Sowerby I, 1829)
Boreotrophon truncatus (Strem, 1768)
Margarites olivaceus (T. Brown, 1827)
Velutina velutina (O.F. Miiller, 1776)
Margarites helicinus (Phipps, 1774)
Stenosemus albus (Linnaeus, 1767)
Boltenia echinata (Linnaeus, 1767)

Mollusca: Gastropoda 50.2
Mollusca: Bivalvia 32.4
Mollusca: Bivalvia 16.4
Mollusca: Bivalvia 12.8
Mollusca: Bivalvia 12.3
Chordata: Ascidiacea 10.7
Arthropoda: Malacostraca 9.4
Mollusca: Bivalvia 6.8
Arthropoda: Malacostraca 6.6
Mollusca: Gastropoda 5.9
Mollusca: Polyplacophora 5.9
Mollusca: Gastropoda 3.2
Mollusca: Bivalvia 2.5
Mollusca: Bivalvia 21
Mollusca: Bivalvia 21
Mollusca: Gastropoda 241
Mollusca: Gastropoda 1.8
Echinodermata: Echinoidea 1.6
Mollusca: Bivalvia 0.9
Mollusca: Gastropoda 0.9
Arthropoda: Malacostraca 0.9
Echinodermata: Ophiuroidea 0.9
Mollusca: Gastropoda 0.7
Mollusca: Gastropoda 0.7
Mollusca: Bivalvia 0.5
Mollusca: Bivalvia 0.5
Mollusca: Bivalvia 0.5
Mollusca: Bivalvia 0.2
Mollusca: Bivalvia 0.2
Mollusca: Gastropoda 0.2
Mollusca: Gastropoda 0.2
Mollusca: Gastropoda 0.2
Mollusca: Gastropoda 0.2
Mollusca: Gastropoda 0.2
Mollusca: Polyplacophora 0.2
Chordata: Ascidiacea 0.2

The number of species in the wolffish food spec-

trum varied little over the years (Table 3) and did not
differ between males and females. The highest num-
ber of prey species in the wolffish diet was observed
in 2001 (19 species) and the smallest number (9 spe-
cies) in 2012. No significant multi-year trend was
found in the number of benthic organisms consumed
by wolffish. The diet diversity index was highest for
the catches of 2001 (Fig. 2). In 2004, it dropped sig-
nificantly and in the subsequent years stayed within
anarrow range without a clearly expressed trend.

Dynamics of the frequency of occurrence of
individual species in the wolffish diet

Table 4 shows the results of modelling the dy-
namics of the frequency of occurrence of prey orga-
nisms that played a dominant or secondary role in
the wolffish diet during the summer. Significant in-
terannual variations in occurrence were noted for
the following species: S. groenlandicus, M. discors,
L. littorea, T. marmorea, H. araneus, P. pubescens,
and S. rustica.
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Table 3. Sex composition of wolffish catches and a brief description of the feeding habits of wolffish in different years in Chupa Inlet.

Year Number of males ~ Number of females ~ Number of specimens with empty stomachs ~ Number of prey species
2001 19 26 18 19
2004 22 31 21 12
2007 24 23 16 15
2010 28 24 31 17
2012 34 30 40 9
2013 39 47 60 11
2014 50 32 44 14
2015 24 37 22 15
2017 24 27 16 18
2018 29 26 29 12
2019 23 16 17 14
2021 40 31 38 14
2022 25 35 29 18
2023 36 28 11 12
. Table 4. Parameters of smoothing functions for the GAM 2 model.
Model Term edf Chi.Sq pwvalue
a8 s(Year):Mytilus edulis 3.23 7.16 0.125
s(Year): Arctica islandica 1.00 0.29 0.589
s(Year):Ciliatocardium ciliatum 1.00 3.68 0.055
4 s(Year):Serripes groenlandicus 2.27 8.91 0.022
- s(Year):Musculus discors 2.79 8.80 0.043
s(Year): Buccinum undatum 1.00 3.28 0.070
e s(Year):Littorina littorea 1.50 9.42 0.006
s(Year):Tonicella marmorea 1.54 8.91 0.020
s(Year):Hyas araneus 1.52 49.61  <0.001
i ks * . s(Year): Pagurus pubescens 1.00 9.81 0.002
s(Year):Styela rustica 3.42 18.82 0.001
2000 2005 2010 2015 2020

Year

Fig. 2. Long-term changes in the diversity index (H — according
to Shannon) of the food spectrum of wolffish in Chupa Inlet. The
curve is a trend line fitted by the LOESS method.

The visualization of the model describing the
multi-year dynamics of occurrence frequencies for
individual species is shown in Fig. 3. The resulting
curves showing the frequency of occurrence of prey
items over the years can be divided into three provi-
sional groups: 1) relatively stable occurrence of the
species across different years, 2) downward trend,
and 3) upward trend. The first group included four
abundant mollusc species (M. edulis, A. islandica,
C. ciliatum, and B. undatum). The second group was
represented by two mollusc species (L. littorea and
T. marmorea) and two species of epibenthic crusta-

ceans (H. araneus and P. pubescens). The frequency
of occurrence of these species in the wolffish diet con-
sistently decreased over the course of our multi-year
observation period. In the third group, the frequen-
cy of occurrence of prey species in the wolffish diet
demonstrated a gradual and statistically significant
increase, either throughout the entire study period
from 2001 to 2023 (S. groenlandicus) or over a short-
er period from 2012 to 2019 (S. rustica and M. dis-
cors).

The species composition of prey items, whose
occurrence frequency in wolffish stomachs exceed-
ed 20% in each individual year of observation, is
shown in Fig. 4. It can be seen that the number of
species most commonly found in the wolffish diet
varied over the years within a narrow range. In
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Fig. 3. Long-term changes in the occurrence of the most significant prey items in wolffish stomachs. The curves are trend lines fitted

using the GAM 2 model.

2001, there were five such species, while in subse-
quent years there were mostly three (rarely two or
four), and in the last three years only two species
dominated the diet. Buccinum undatum was a fre-
quently occurring species every year over the 14
years of observations. Serripes groenlandicus was
among the dominant species slightly less often, in
12 years. The blue mussel M. edulis, with a frequen-
cy of occurrence greater than 20%, was noted in the
diet only four times. Each of the remaining 8 species
was included in the group of significant prey items
only 1-2 times over the entire observation period.
The bulk of the overall wolffish diet from 2001 to
2023 was therefore represented by three species: B.
undatum, S. groenlandicus, and M. edulis. Tt should
be noted that in certain years (2001—2007), the role
of crustaceans was also relatively important. The
rare occurrence of other prey species is likely due to

their small size and low abundance in the study area
of Chupa Inlet.

Seasonal and long-term dynamics of the frequen-
cy of occurrence of wolffish with empty stomachs

In addition to fish with food in their stomachs,
catches each year also included wolffish with emp-
ty stomachs (Table 3). The percentage of such in-
dividuals varied widely from year to year, ranging
from 17.2% to 69.8%, with an average of nearly half
(47.2%) of all examined fish. The analysis of the con-
structed GAM 3 model revealed a clear seasonal pat-
tern in the proportion of females with empty stom-
achs (Table 5, Fig. 5A). The lowest occurrence of such
females was in the first half of the summer, i.e., during
the pre-spawning period. The highest probability of
encountering a female with an empty stomach was
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in late July to early August, during peak spawning
(p < 0.01; Table 5, Fig. 5A). A different pattern of
encountering fish with varying stomach contents
was observed in males. Throughout the observa-
tion period (June to August), no statistically signif-
icant changes were found in the frequency of males
without food in their stomachs (Table 5, Fig. 5B).
On average, among females individuals with empty
stomachs were encountered more frequently than
among males (Table 5).

The frequency of wolffish with empty stomachs
in Chupa Inlet showed statistically significant multi-
year variation (Table 5, Fig. 6). Since no interannu-
al differences in sex ratio were found in the samples
(Table 1), data for both sexes were combined for the
analysis of the model. The resulting curve (Fig. 6)
shows two distinct peaks, indicating years when the
probability of encountering individuals with emp-

Table 5. Parameters of the additive model GAM 3 that describes
seasonal and long-term changes in the frequency of occurrence of
wolffish individuals with empty stomachs in Chupa Inlet.

Smoothers
Model term edf Chi.Sq pvalue
s(DOY):SexXremale 1.00 7.18 0.007
s(DOY):Sexumale 1.00 2.32 0.128
s(Year) 4.96 60.36 <0.001
Parametric terms

Model term estimate z-statistic p.value
(Intercept) 0.18 173 0.084
Sexmale -0.61 -4.15 <0.001
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Fig. 6. Long-term dynamics of the frequency of occurrence of
wolffish individuals with empty stomachs in Chupa Inlet, accord-
ing to the GAM 3 model

ty stomachs was significantly higher than in other
years. The “lean” years for wolffish, when the pro-
portion of individuals with empty stomachs in the
catches was highest, occurred during the periods of
2010-2014 and 2019-2021.

DISCUSSION

Feeding of wolffish

Our study has shown that wolffish in Chupa Inlet
feed on benthic organisms from various taxonomic
groups, with only a few mollusc species being the pri-
mary components of their diet. A high and similar di-
versity of benthic macrofauna consumed by wolffish
has also been previously noted in other areas along
the Karelian coast of the White Sea (Letneretskaya
Inlet, Gridina Inlet, and Velikaya Salma Strait). In
these locations, the primary prey items for wolffish
were also gastropods and bivalves (Barsukov 1956;
Kudersky and Rusanova 1963), and the range of en-
countered species was nearly identical to that in Chu-
pa Inlet. In addition to molluscs, a significant role in
the diet of wolffish from Letneretskaya Inlet was also
played by crabs H. araneus (Barsukov 1956).

A comparison of our data with published results
showed that the dominant prey items of wolffish in
all the aforementioned areas included similar mollusc
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species: B. undatum, S. groenlandicus, and M. edu-
lis. Wolffish preferred these prey species in different
years of observations. It is noteworthy that these
molluscs typically have much higher biomass in the
structure of sublittoral benthic biocenoses along the
coasts of Kandalaksha Bay (Brotskaya et al. 1963;
Golikov et al. 1982, 1985a, b, 1988; Oshurkov and
Lukanin 1982; Lukanin et al. 1983; Naumov et al.
1986) compared to most other species of bivalves and
gastropods found in wolffish stomachs. It is clear that
the abundance of these molluscs in wolffish habitats,
their relatively large sizes, and their exposed position
on the seabed contributed to the wolffish’s preference
for these prey species.

Jonsson (1982) previously demonstrated that
the diet of wolffish depends on the availability of
prey organisms. According to his observations, in
areas along the Icelandic coast where sea urchins
were abundant, their proportion in the wolffish diet
was high. By contrast, in other marine areas where
horse mussels (Modiolus modiolus) were common,
the stomachs of wolffish were filled exclusively with
these invertebrates.

Wolffish are visual predators and exhibit a high
degree of size selectivity towards larger prey items,
as this is more energetically advantageous (Keats et
al. 1986). After choosing a large individual as prey,
wolffish crushes it before swallowing. Overall, the
role of large-sized molluscs (B. undatum, S. groen-
landicus, etc.) and other benthic macrofauna organ-
isms in the diet of wolffish increases with the age and
size of the fish (Barsukov 1956; our observations).
The predation rate of wolffish on such individuals re-
mains high, even when smaller prey species are abun-
dant and available.

Relationship of feeding with reproduction

Barsukov (1953) noted that both male and female
wolffish in Letneretskaya Inlet of the White Sea fed
intensively during the summer period (from June 18
to August 30). Our multi-year observations on the
seasonal dynamics of wolffish predation in Chupa In-
let revealed differences between males and females in
the occurrence of individuals with empty stomachs
during the summer season. Both sexes fed actively
prior to breeding, in June and the first half of July.
However, in late July and early August, i.e. during
the spawning period, the occurrence of females with
empty stomachs in the catches was significantly
higher than that of males. This indicates that female
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wolffish, unlike males, show significantly reduced
feeding intensity during the breeding season.

Similar results were previously obtained by Keats
et al. (1985) when studying the influence of repro-
duction on feeding of wolffish in the coastal waters of
Newfoundland (Northwest Atlantic). According to
these authors, both males and females reduce or stop
feeding at spawning time, but males do so to a lesser
extent. Females resume feeding shortly following egg
laying, while males remain at the nesting sites and
“feed little or not at all while they are guarding eggs”
(Keats et al. 1985: 2567). The seasonal variability
in feeding intensity of wolffish in the North Sea was
also demonstrated by Liao and Lucas (2000). The
authors noted a high proportion of individuals with
empty stomachs and the lowest food intake by wolf-
fish during the autumn-winter period, which is the
spawning season of these fish.

Barsukov (1956) observed a shortage of males in
the catches during the spawning period of wolffish
in Letneretskaya Inlet (Karelian coast) and suggest-
ed that they were guarding the eggs laid by females.
Several subsequent studies have confirmed this cha-
racteristic trait of male behavior during the spawning
period (Keats et al. 1985; Pavlov and Novikov 1986),
but the exact duration that a male can stay near an
egg cluster remains unknown. According to our data,
males do not cease feeding during the spawning pe-
riod and no change in sex ratio is observed in coastal
wolffish catches during this time. It is possible that
males can remain near the spawning site for a brief
period (several days) to guard the eggs but soon leave
in search of food. This assumption is supported by the
fact that molluscs are typically digested in the wolf-
fish gastrointestinal tract within 3—4 days (Keats et
al. 1986; Orlova et al. 1989). If males stayed near the
egg cluster for an extended period, it would have af-
fected the sex ratio of wolffish caught in coastal wa-
ters in late July—August. The egg-guarding behavior
of males after spawning requires further study.

Long-term diet variations

The spectrum of prey items consumed by wolffish
has not changed significantly over 20 years of obser-
vation. The greatest diversity of prey species in the
wolffish stomachs was observed in 2001. Our results
indicate that wolffish feed on a variety of macroben-
thic organisms, which can be found in their feeding
grounds. When certain preferred foraging species are
scarce or absent, wolffish switch to predominantly
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consuming other available prey. This allows wolffish
to exploit the food resources available in coastal bio-
topes in the most efficient manner. Since the feeding
period of wolffish in the coastal areas of the White
Sea is relatively short (about 3 months), a broad food
spectrum allows this species to quickly meet its ener-
gy needs for growth and generative metabolism. The
size of prey also appears to play an important role in
predation, as adult individuals prefer larger represen-
tatives of various taxonomic groups.

The species composition and production para-
meters of animal macrobenthos in the sublittoral bot-
tom biocenoses of Chupa Inlet have been much less
studied compared to littoral communities (Naumov
2006). It is known that the species most frequently
found in wolffish stomachs — M. edulis, S. groenlandi-
cus, and B. undatum, are typical inhabitants of var-
ious sublittoral biocenoses in the study area. These
species were found at depths of 3 to 15 meters, where
wolffish forage during the summer, and in Chupa In-
let they can reach relatively high densities in various
biocoenoses (Rusanova 1963; Oshurkov and Luka-
nin 1982; Golikov et al. 1985a, b; Gerasimova and
Maximovich 2001; Maximovich and Gerasimova
2007). Mytilus edulis and S. groenlandicus dominate
in abundance in the structure of benthic commu-
nities on rocky or gravel bottoms mixed with sand
and dense silt. Buccinum undatum reaches its high-
est density and biomass on silted bottoms contain-
ing pebbles and scattered stones and is often noted in
biocoenoses of M. edulis (Rusanova 1963; Golikov et
al. 1985b). It should be noted that the total biomass
of macrobenthos in our study area was highest at the
sublittoral zone at depths of up to 15 meters (Golikov
et al. 1985a).

The frequencies of occurrence of individual spe-
cies that play a dominant or secondary role in the diet
of wolffish varied significantly over the observation
period, and the trends in these interannual chang-
es differed among prey species. The importance of
some key prey items in the wolffish diet, especially
crustaceans, decreased over the study period. Crabs
H. araneus, which together with blue mussels were
major food components for wolffish in the early
2000s, have now almost completely disappeared from
its diet. The occurrence of P. pubescens in wolffish
stomachs in 2023 was almost half that observed at
the beginning of the study. It should be noted that
in parallel with wolffish the frequency of occurrence
of crabs in the diet of another coastal predator, the
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shorthorn sculpin, Myoxocephalus scorpius (Linnae-
us, 1758), decreased significantly (from 73% to 11%)
between 1998 and 2008 (Yershov 2010b). Based on
this information, it can be concluded that the abun-
dance of H. araneus in the mouth of Chupa Inlet
significantly declined in the first decade of the 21st
century. Against the backdrop of the decreasing oc-
currence of crustaceans in the wolffish diet, a signif-
icant gradual increase, from 15% in 2001 to 47% in
2023, was observed in the role of the bivalve mollusc
S. groenlandicus. One large and abundant prey spe-
cies has therefore been replaced in the wolffish diet
by another. The continued dominance of B. undatum
in the wolffish diet throughout the observation peri-
od is also noteworthy, indicating relative stability of
population of this mollusc as well as the ease of de-
tection of molluscs on the seafloor and, consequently,
its availability as prey. M. edulis also remained a con-
stant, albeit secondary, prey item for wolffish in Chu-
pa Inlet. Interestingly, during the period from 2014
to 2019, there was an increase in the occurrence of
the ascidian S. rustica and the mollusc M. discors in
wolffish stomachs, although previously these species
were rarely observed in its diet.

The observed alternation between “typical” and
“lean” years for wolffish from 2001 to 2023 suggests
a limited overall availability of benthic food resour-
ces in the mouth of Chupa Inlet, where the fish spend
their summer feeding period. The patchy distribution
of settlements of various mollusc species and epifau-
na in this area, along with interannual differences in
their abundance, significantly influence the occur-
rence of prey items in the wolffish diet.

The analysis of long-term variability in the oc-
currence of different prey species in the wolffish diet
allows for certain assumptions about the causes of
change in the structure of its trophic relationships
within the study area. In the early 2000s, some spe-
cies of epibenthos (such as crabs H. araneus, hermit
crabs P. pubescens, and less often chitons T. mar-
morea) were quite common in the wolffish diet. How-
ever, by approximately 2010—-2012, the frequency of
occurrence of these prey items in wolffish stomachs
sharply decreased, while the frequency of occur-
rence of the mollusc S. groenlandicus, which inhab-
its silty sand, increased. Around the same time, the
occurrence of the ascidian S. rustica in the wolffish
diet also began to increase. It is known that in the
White Sea these ascidians can form clusters on the
surface of the shells of dead bivalves S. groenlandi-
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cus, usually in association with other epibionts (Ya-
kovis et al. 2008; Yakovis and Artemieva 2017). It
is possible that this relationship might partly explain
the increase in the occurrence of these two species
in the wolffish diet. It should be noted that, accord-
ing to observations made by divers at the sites where
wolffish were caught, clusters of ascidians were also
found in the study area on rocky outcrops and stones,
where the infauna was absent (our unpublished ob-
servations).

Regarding the dynamics in the occurrence fre-
quency of molluscs of the genus Musculus, it should
be noted that these bivalves often use the tunic of
ascidians as a substrate for settlement (Yakovis and
Artemieva 2017), which may explain their increased
co-occurrence with ascidians in the wolffish diet
during the period from 2014 to 2019. The subsequent
shift in the wolffish feeding habits from consuming
epifauna (crustaceans) to consuming infauna (mol-
luscs) is most likely related to some successional
changes in benthic communities caused by the move-
ment of bottom sediments. For example, the reduc-
tion in the role of epifauna in the wolffish diet may
have occurred due to sand accumulation in certain
areas of the summer feeding grounds. It is known
that sublittoral sand masses can be transported over
fairly long distances (Robert et al. 2021), leading
to the formation of silty sand lenses that could have
caused the disappearance of epibenthic organisms
from the wolffish diet.

It is worth noting that the first “crisis” marked
by an increase in the proportion of fish with empty
stomachs (2010—-2014) coincides with a decrease in
the frequency of occurrence of epibenthic species
and an increase in this indicator for S. groenlandicus,
which inhabits sandy-silty substrates. The second
“crisis” in wolffish feeding intensity (2019-2021)
may also be linked to sand deposition in the shal-
low coastal areas of the sublittoral zone in the study
area of Chupa Inlet. Thus, the observed multi-year
variability in the feeding intensity of adult wolffish,
in our opinion, reflects the current dynamic state of
the benthic food base for this species in Chupa Inlet.
In order to further analyze the causes of change in
the trophic relationships of wolffish, a detailed study
of its diet is needed, combined with an assessment
of the number of feeding fish and an evaluation of
the abundance of key prey species in the benthic bio-
cenoses in specific areas of wolffish feeding grounds
in Chupa Inlet.
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