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ABSTRACT

In the populations of the European flounder Platichthys flesus (Linnaeus, 1758), the proportions of left- and
right-sided individuals vary widely, and possible causes of this variation remain little explored. The hypothesis of
ecological segregation of phenotypical morphs in the European flounder relies primarily on observations of certain
differences in morphology and foraging performance between the left- and right-sided individuals. The flounders
of different sex and size/age, however, can differ in the character of biotic associations with the environment and
other hydrobionts. We have examined the interaction of size/age and sex of the fish with the probability of encoun-
tering left-sided individuals in 4 populations of the European flounder from the White Sea basin. The results of
the study have shown that the proportion of the reversed individuals did not differ among the flounders of various
size and age in all the populations studied. The proportion of the left- and right-sided morphs in different size-age
classes in all investigated populations did not depend on the sex of the fish. Revealed interpopulation diversity of
phenotypic composition of flounder from the White Sea is not connected with the size/age and sex structure of
compared samples.
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PE3IOME

B nonynanusax peunoit kambannt Platichthys flesus (Linnaeus, 1758) mpomopuuu jieBo- ¥ MPaBOCTOPOHHUX
ocobeit BappUPYIOT B IIUPOKOM JUANA30HE, U IPUYUHBI 9TOM U3BMEHUUBOCTU OCTAIOTCSA MAJOU3yYEeHHBIMU.
Tunoresa 06 3KOJIOTUIECKOM PACXOXKAEHUU (HeHOTUNUIeCKUX MOPd 6a3upyeTcss B OCHOBHOM Ha CBEIECHUAX
0 HEKOTOPBIX PA3JIUYUSX 110 MOP(OIOTUN U OCOOEHHOCTSIM TUTAHUS MEXKY JIEBO- U IIPABOCTOPOHHUMH K-
3eMIUIApaMu PeuHoi kambaibl. OMHaKO XapaKTep OGUOTHYECKUX CBSA3€H PeUHOi KaMOaJIbl O cpeioi o6uTa-
HUS U IPYTUMU TUIPOOHOHTAMHU MOKET Pa3JndaThCcsa y 0coOell pa3HOTO M0JIa U JIMHBI/Bo3pacta. MbI IpoBe-
JIU UCCJIeIOBAHUE B3aMMOCBSI3U JIJIMHBL/BO3PACTA U TOJIA PHIO C BEPOSATHOCTHIO BCTPEYAEMOCTH JIEBOCTOPOH-
HUX 0cobell B 4 momyaanusax peuHoit kamGasl 6acceiina Besoro mops. IlosyueHHble pe3yaIbTaThl IOKA3AJIH,
YTO J[0JIs1 JIEBOCTOPOHHUX PBIO He Pa3anyaeTcs cpeau KaMbas pa3HOro pa3Mepa M BO3pacTa BO BCEX UCCIIe-
NOBaHHBIX TOMYIANUAX. COOTHOIIEHUE JIEBO- U TPABOCTOPOHHUX 0C00Ei B Pa3HBIX PAa3MEPHO-BO3PACTHBIX
rPyIIax He 3aBUCEJIO OT M0JIa PhI6. BHISBIEHHOE MEKIIOMYISIIIMOHHOE PA3HOOOPa3He 10 COOTHOIIEHUIO IBYX
Mop(d y peunoit kambaibl U3 Besoro Mopst 06yCIOBIEHO CENEKTUBHBIM BIMSHUEM PA3IUYHBIX JIOKAJTbHBIX
(haKTOPOB U HE CBA3AHO ¢ PA3MEPHO-BO3PACTHBIM UJIU MIOJIOBHIM COCTABOM CPaBHUBAEMBIX BHIGOPOK.

KaroueBbie coBa: uaMeHYMBOCTh yacToT Mopd, Platichthys flesus, Pleuronectidae, momyasuuoHHbINA mMOMH-

mopdusm, beroe mope

INTRODUCTION

The European flounder Platichthys flesus (Lin-
naeus, 1758) is an unusual species, because, unlike
most other representatives of the family Pleuronec-
tidae, it shows lateral polymorphism at the popula-
tion level. All populations of this species contain var-
ious proportions of individuals whose eyes lie either
on the right (right-sided) or on the left side of the
head (left-sided), however the frequency of left-sided
fishes was lower than proportion of right-sided ones
in studied samples (Mikelsaar 1958; Shatunovsky
1964; Dietrich 2009). Changes in morph frequencies
in populations are thought to be associated with in-
terspecific and intrapopulation competition for food
between left- and right-sided individuals in their
shared nursery areas (Fornbacke et al. 2002; Russo
et al. 2012). The majority of published information
on morph proportions in the populations of P. fle-
sus have been obtained from the basins of the Baltic
and North Seas. Published data indicate that unlike
starry flounder, P. stellatus (Pallas, 1787), another
polymorphic species closely related to the European
flounder, which is distributed in the northern part of
the Pacific Ocean, the European flounder does not
exhibit any apparent geographic cline in morph fre-
quencies across its distribution range (Yershov et al.
2022). It should be noted that in many publications

the frequencies of left-sided individuals of P. flesus
have been obtained from the samples consisting of
flounders of different length and sex. First attempts,
however, to compare frequencies of reversed individ-
uals between flounders of different size have already
been made more than a century ago by Duncker
(1900). This author has found empirical evidence for
differences in this trait between young fish and larger
individuals and explained them by an increased mor-
tality of left-sided individuals in the older age classes.
Sych (1930) has found no support for this hypothe-
sis, while studying flounders of different ages from
the Murman coast of the Barents Sea. Fornbacke
et al. (2002) compared fry and adult fish caught off
the western coast of Sweden and reported that high-
er proportion of reversed individuals was observed in
fry. We are not aware of any other evidence of size
and age variation in proportions of the two morphs
in the European flounder. With respect to anoth-
er parameter, sex, it has been shown that males and
females of the European flounder contained similar
proportions of the left-sided individuals (Fornbacke
et al. 2002; Semushin et al. 2015). The sizes of fish
of different sex, however, have not been examined in
these studies. The aim of the present study was there-
fore to estimate the proportions of left- and right-sid-
ed morphs in the flounders of both sexes from differ-
ent size-age classes.
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MATERIALS AND METHODS

Study area and sample collection

Specimens of flounder were caught in Onega
(n=4332; Nyukhcha River and the head of the bay),
Dvina (n=4760; mouth of the Northern Dvina) and
Mezen (n=2272; mouth of the Mezen River) bays of
the White Sea over the period of May-August 2003 —
2019, during the regular expeditions made by the Po-
lar Branch of the Russian Federal Research Institute
of Fisheries and Oceanography (VNIRO) (collected
by G.V. Fuks and other employees) (Fig. 1). Since the
two samples from Onega Bay showed no statistically
significant differences in the size-age composition and
morph proportions, they were pooled together into
a single dataset. In Kandalaksha Bay, fish were cap-
tured at Chupa Inlet by personnel of the Zoological
Institute of the Russian Academy of Sciences (ZIN
RAS) and VNIRO during the springs and summers
of 2015-2019 (n=484). In all bays, flounders were
caught in coastal waters using variable mesh gillnets
(mesh size of 30—50 mm) and traps. The number of
left- and right-sided individuals was counted in each
sample. The sex of flounders was determined visual-
ly after their dissection. The total body length of all
freshly caught flounders was measured to the nearest
0.1 cm. The age of the fish was estimated from oto-
liths only for individuals caught in Onega Bay (Chris-
tensen 1964; Chilton and Beamish 1982; Fuks 2015).

Statistical analysis

The growth of left- and right-sided flounders was
estimated by analysing sizes of fish of different ages.
The growth of fish was described using the von Ber-
talanffy equation: L, = L., (1-e* &) where L, is the
fish length (cm) at age t (years), and L., k and t, are
coefficients (Brey 2001). Pairwise comparison of
growth curves was carried out through the analysis
of residual variance in separate growth regressions
and a combined regression based on the pooled data.
Differences in variance were assessed using the F-test
(F). The analysis was performed in the GraphPad
Prism software package.

Two regression models were developed to identify
the relationship between the frequency of left-sided
fish and the size, age, and collection site. Both models
were built as binomial logistic regression. The de-
pendent variable was coded as 1 for the left-sided
morph and 0 for the right-sided morph. Fish length
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Fig. 1. Collection sites of the European flounder Platichthys flesus
(indicated by dots) in the White Sea.

(“Length”, continuous variable), sex (“Sex”, discrete
factor with two levels) and bay (“Bay”, discrete factor
with four levels) were used as predictors in the model
M1. During the first step of the analysis, all possible
interactions between predictors were included in M1.
After the full model was constructed, it was opti-
mized according to the protocol of backward selec-
tion (Zuur et al. 2009). The model with the minimum
value of Akaike Information Criterion (AIC) was ac-
cepted as final one.

Model M2 was built to assess the relationship be-
tween the probability of encountering reversed indi-
viduals and age of fish (“Age”, continuous variable).
Factor “Sex” and “Age:Sex” interaction were also
included in the model. Individuals ranged from 2 to
13-years old were used for the analysis. Yearlings
were discarded due to scarce presence in samples.

All final models were checked for overdispersion
and for the absence of non-linear patterns in the resid-
uals. Both models were constructed using functions
of the R statistical language (R Core Team 2020).

RESULTS

In each of the populations studied, the size-fre-
quency distributions of the left- and right-sided in-
dividuals were similar among the flounders of one
sex: variation ranges were comparable and medians
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Fig. 2. Description of the size composition for the left- and right-sided individuals of the European flounder Platichthys flesus from
different bays of the White Sea. Non-overlapping triangular notches in the box plots indicate significantly different medians.

did not exhibit any significant differences (Fig. 2).
Left- and right-sided males/females from Kandalak-
sha Bay were larger than those from the three other
bays. The comparison of growth patterns for the left-
and right-sided individuals among the males and fe-
males was performed only for the sample from One-
ga Bay, in which the numbers of studied reversed fish
were highest compared to the other populations. The
results show that among the fish of the same sex the
growth curves did not differ between the left- and
right-sided individuals (F=0.52 for males and F=1.57
for females; p>0.05).

Logistic regression model M1 was constructed
to analyse the relationship between the frequency of
left-sided individuals and the length and sex of fish
in the study samples. For this model, the Akaike In-
formation Criterion (AIC) was 7457.0. Predictors
“Sex”, “Length” and all interactions between terms
have been removed from the model during the pro-
cedure of backward selection (for the final model

AIC=7447.8). The parameters of the final model are
shown in Table 1.

The results indicate that a statistically signifi-
cant effect on frequency of reversed individuals was
determined only by the location of the population
(factor “Bay”). The factors “Length” u “Sex” did not
influence the ratio of morphs. According to the final
model, the frequencies of reversed individuals were
highly different between flounder populations from
studied bays.

For the sample from Onega Bay, the association
between the frequency of reversed individuals with
age and sex of flounder was analysed using logistic
model M2. The parameters of the model are given in
Table 2. These data show that there were no statis-
tically significant effect of sex and age of fish on the
proportion of morphs and significant interaction be-
tween these predictors. The frequency of left-sided
individuals did not differ among fishes of various age
groups (2—13 years) and between males and females.
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Table 1. Parameters of the final model describing the relationships between collection site and the probability of encountering left-sided
individuals in flounder populations from the White Sea. Kandalaksha Bay was selected as the base level.

Term Coefficient Z-statistic p.value
(Intercept) -0.77 0.121 -6.32 <0.001
Bay onega pay) -0.57 0.127 —4.46 <0.001
Bay(pvina Bay) -2.14 0.138 -15.6 <0.001
Bayvezen Bay) -2.60 0.168 -15.5 <0.001

Table 2. Parameters of the model describing the probability of encountering left-sided individuals as a function of the age and sex in
flounder population from the Onega Bay. Level “female” was selected as the base level of discrete factor “Sex”.

Term Coefficient Z-statistic p.value
(Intercept) -1.36 0.157 -8.67 <0.001
Age -0.01 0.035 -0.20 0.839
SeXmale) 0.11 0.226 0.48 0.632
Age:SeXmale 0.01 0.053 0.14 0.891
DISCUSSION respect, it should be noted that Duncker’s (1900)

The results of this study confirm earlier observa-
tions (Semushin et al. 2015) that European flounders
caught in the White Sea show no sex differences in the
frequencies of left-sided individuals. Fornbacke et al.
(2002) have also found no differences between sexes
in proportion of morphs in adult European flounders
off the coast of Sweden (Skagerrak Strait and the Bal-
tic Sea) and similar results have been reported for the
starry flounders of different sex (Townsend 1937; Or-
cutt 1950). Our results, however, unlike these previ-
ously published observations, have also demonstrated
a relative similarity of frequencies of reversed males
and females within all size-age classes that had been
included in the analysis.

The studies reporting changes in frequency of left-
and right-sided individuals in the populations of the
European flounder in connection with their size-age
parameters are scarce and contradictory. In the floun-
ders from coastal regions of Great Britain (Plym-
outh) and Germany, the proportion of left-sided fish
in younger size-age classes was somewhat higher than
among larger sexually mature individuals (Duncker
1900). In author’s opinion, this indicates that mor-
tality of left-sided flounders increases with age com-
pared to the right-sided individuals. The statistical
analysis of Duncker’s (1900) observations for the
flounders from coastal waters of Germany conduct-
ed by Hubbs and Hubbs (1945) has revealed statisti-
cal significance of the observed differences between
small and large flounders (32=8.18, p<0.05). In this

calculations relied in part on mixed material, which
could have affected his results because of high pop-
ulation variation in this trait. In particular, the in-
formation on proportions of reversed individuals in
sexually mature flounders from the coast of Germa-
ny has been derived from the sample that combined
flounders from the western part of the Baltic Sea and
the mouth of the Elbe River (North Sea basin). Sych
(1930) based her analysis on a small sample of floun-
ders from the Barents Sea and also compared the
frequencies of left-sided individuals in the combined
younger (1—4 years) and older (5—8 years) age class-
es. The differences between these two groups proved
to be small and statistically insignificant (our calcu-
lations; ¥2=0.82, p>0.05). Similar results reported
by Sych (1930) for the White Sea flounders are not
considered here, because they had been obtained
from the material that combined samples from dif-
ferent bays. Fornbacke et al. (2002) have found that
in the European flounders caught near the Swedish
coast (Lysekil), the reversed individuals were signifi-
cantly more common among the fry than among the
adult fish (34% and 27%, respectively). The authors
argued that a decrease in the proportion of left-sided
individuals in adult fish is associated with higher
mortality of the reversed flounders as compared with
the right-sided individuals. Our results have shown
that the frequency of reversed individuals was not
connected with size and age of fishes, which indicates
the similarity of mortality between the left-sided and
right-sided flounders of the same age. These data were
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obtained by comparison of flounders in the size range
of 5.1-48.3 cm and age of 2—13 years in local popula-
tions of the White Sea basin. It should be noted that
the rates of growth for the left- and right-sided indi-
viduals were similar in both males and females. Fin-
gerlings and yearlings were absent from the material
included in our analysis, because no special collection
was made at the sites that they inhabit.

The literature also contains information on fre-
quency of left-sided individuals among the fish of
different size/age for the starry flounder P. stella-
tus, a species closely related to the European floun-
der inhabiting coastal waters in the northern part
of the Pacific Ocean. Hubbs and Hubbs (1945) have
provided evidence for decreased survival of reversed
individuals in flounders living near the Vancou-
ver Island (British Columbia). According to their
extensive observations, the proportion of the re-
versed morph in “largely young fish” caught near
San Juan Islands, was significantly different from
that in adult fish from Boundary Bay (52.2% and
48.4%, respectively). By contrast, the comparison
of juvenile “largely young fish” and adult individuals
of flounders captured in the same area (Boundary
Bay) did not reveal any differences between them in
the proportions of left- and right-sided fish (Hubbs
and Hubbs 1945). The authors suggested that the
observed differences can be caused by interannual
and seasonal variation in morph frequencies in the
population. Orcutt (1950) reported data on the pro-
portion of left-sided individuals among the floun-
ders of 3 age classes (0+; 1+; 2+ and older) from
Monterey Bay (California). Statistically significant
differences in frequency of reversed fish in these
groups have been shown to occur only between
fingerlings (0+) and yearlings (our calculations;
¥2=5.12, p<0.05), with the latter showing higher
frequencies. The largest/oldest individuals (>2+)
in this study did not differ from small/young ones
(0+ and 1+) in morph proportions. In the samples
of adult flounders of commercial size (SL>31 cm)
caught off the shores of British Columbia, the pro-
portion of left- and right-sided fish was the same in
the size classes studied (SL=32-68 cm) (Forrest-
er 1969). This has led the author to the conclusion
that the two morphs did not differ in survival rates.
Bergstrom (2007), who used small samples of floun-
ders from the same region to compare two size class-
es of flounders (SL<20 cm and SL>20 cm), also con-
cluded that younger and older size classes are simi-

P.N. Yershov, G.V. Fuks and V.M. Khaitov

lar in proportion of left-sided individuals. However,
only small samples have been used and thus some
size groups of fishes were absent in both studies. The
proportions of the left- and right-sided fish in small
samples are known to vary widely. For instance, the
proportion of left-sided fish in 2 samples of P. flesus
(n=200 individuals in each) taken from the same
region of the Estonian coast (Mandjala, Saaremaa,
Baltic Sea) in June and September 1942, was 22.5
and 35%, respectively (Mikelsaar 1958).

The following important points can be drawn
from the above discussion of the studies of the Eu-
ropean and starry flounders. First, in most publica-
tions the trend was analysed based on comparison
of only 2 portions of one sample consisting essen-
tially of smaller and larger fish, rather than on the
whole size range of the collected fish. Such analysis
can distort possible changes in morph proportions
occurring as the fish grows due to the subjective ap-
proach to identifying size classes under comparison.
Second, the published data were contradictory: they
demonstrated both increase and decrease in the pro-
portion of the non-typical morph in larger/older in-
dividuals. It is possible that pressure of selective
forces on survival of fry and adult fish of different
morphs can be different in local populations because
of the differences in biotic conditions of their habi-
tats in various regions of the distribution range. As
a result, the survival of left- and right-sided indi-
viduals at different stages of their life cycle can also
differ in different populations of P. flesus and P. stel-
latus.

Further study of survival of different morphs at
fingerling and yearling stages, spatial distribution
and the diet of both morphs in different biotopes will
provide more insight into ecological mechanisms that
determine variation in morph proportions in Europe-
an flounder from the White Sea.
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