
187

УДК 594.124, 575.174.015.3

ARE BLUE MUSSELS MYTILUS TROSSULUS AND M. EDULIS  
IN THE WHITE SEA GENETICALY, ECOLOGICALY AND 

MORPHOLOGICALLY DISTINCT?

M. Katolikova1, V. Khaitov1,2, R. Väinölä3, M. Gantsevich4, P. Strelkov1

1Saint-Petersburg State University, Saint-Petersburg, RF, m.katolikova@spbu.ru
2Kandalaksha State Nature Reserve, Kandalaksha, RF

3Finnish Museum of Natural History, University of Helsinki, Helsinki, Finland
4Lomonosov Moscow State University, Moscow, RF

Analysis of genetic (allozyme variability), morphological (“dark strip under the ligament”, 80-97%
diagnostic character) and ecological (substrate segregation) data on sympatric M. trossulus and M.
edulis in the White Sea showed that in this region the two species remain clearly distinguishable
biological entities despite limited hybridization. 
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Two blue mussel lineages of Pliocene origin, Mytilus edulis and M. trossulus, co-occur and 
hybridize in several regions on the shores of the North Atlantic. The two species were
distinguished from each other by molecular methods in the 1980s, and a large amount of
comparative data on them has been accumulated since that time. However, while M. edulis
and M. trossulus are now routinely distinguished by various genetic markers, they tend to be
overlooked in ecological studies since morphological characters for taxonomic identification 
have been lacking, and no consistent habitat differences between lineages have been reported. 
Surveying a recently discovered area of M. edulis and M. trossulus co-occurrence in the
White Sea and employing a set of allozyme markers for identification, we address the issue
whether M. edulis and M. trossulus are true biological species with distinct ecological
characteristics or just virtual genetic entities with no matching morphological and ecological 
identities. To answer thе question we: 1) describe geographical distribution of M. edulis and
M. trossulus in the Kandalaksha Bay of the White Sea; 2) estimate an extent of hybridization 
between the two species and assess the proportions of purebred and hybrid individuals in 
mixed populations; 3) weigh up discriminative capacity of morphological character “dark
prismatic strip under the ligament”. This character was earlier suggested for distinguishing 
between mussels species (M. trossulus and M. galloprovincialis) by the Russian Far East 
scientists [1], but its utility for discrimination between M. edulis and M. trossulus has not
been formally tested; 4) test the hypothesis that sympatric mussels are segregated by the
substrate to which they are attached by byssus threads: algal thalli (the fucoid brown algae
Ascophyllum nodosum and Fucus spp.) vs. bottom substrates (stones, gravel, etc.). This type
of microhabitat speciation in mussels was never reported before.

Materials and methods. Two sets of samples were used in our work. The main 
genetic data set (GDS) consisted of 31 geographical samples (mean sample size N = 48). 
Three of the samples were each composed of two subsamples from different (algal and 
bottom) substrates (Fig.1). An additional morphological data set (MDS) included samples
from 17 sites located all over the top of the Bay (Fig.1D). At each site six independent 
samples of mussels were taken: three from the bottom substrates and three from algal ones 
(mean N=139). 



188

All GDS mussels were scored at a set of four allozyme loci, which exhibit 70-95%
allele frequency differences between M. edulis and M. trossulus: Est-D, Gpi, Pgm, Odh [2]. 

The genetic data was first analyzed by a model-based Bayesian clustering method
implemented in the program STRUCTURE [3]. The program calculated the estimated 
proportion of individual’s genotype inherited from parental populations (individual
STRUCTURE scores (ISS), here attributed to the genome fraction in a range from 0 to 1 
inherited from M. trossulus). ISS were further used to classify individuals into three genotypic 
classes: M. edulis, M. trossulus and hybrids (see details of classification method in [4]).

Conventional population-level genotypic disequilibrium measures FIS for individual 
loci (“heterozygote deficit”, reflecting the relative lack of heterozygotes versus the
expectation under Hardy-Weinberg equilibrium) and R’ for pairs of loci (relative “linkage
disequilibrium”, reflecting the excess of two-locus heterozygotes versus random expectations)
were calculated as in [5]. In equilibrium populations these statistics would equal zero while in
mixed samples with an excess of parental genotypes they have values close to the maximum
(1 in the case of fully diagnostic loci. Since the loci studied were not fully diagnostic, we
calculated the maximum values for an each case as in [5]).

Morphological analysis was performed for all MDS mussels and for most mussels
from the GDS samples (some GDS shells were unavailable). The character “dark strip under
the ligament” (Fig.2A) was studied by measuring the following shell characteristics: shell 
length (L), the distance from shell umbo to the posterior end of the ligament (l) and the
distance from the umbo to the anterior end of a dark strip under the ligament (a) (a=0 in case
of an uninterrupted strip) (Fig. 2A). The Z-index, Z= a/l, was defined to express the relative
length of the dark strip under the ligament. Correlation analysis of associations between ISS
and the Z-index allowed identification of the Z-index ranges characteristic of M. trossulus and
of M. edulis (see results). Thereafter we classified all mussels into M. edulis-like (E-) and M. 
trossulus-like (T-) morphotypes on the basis of their Z-scores. 

Results. 1) In the studied area of the White Sea the occurrence of M. trossulus was 
found to be largely concentrated in harbors (Fig.1), in line with observations from other 
subarctic regions of Europe. Such geographic distribution testifies to introductive nature of 
the species in the region [2]. 

2) Sympatric populations were always dominated by purebred individuals, animals 
classified as hybrids constituting only 18% on average (Fig.1). The estimates of genotypic 
disequilibrium FIS and R’ in mixed samples were always higher than 50% of the maximum
level expected in a situation of a non-interbreeding mixture of parental taxa (on average 87%
for FIS and 83% for R’), all testifying to some but limited hybridization. Considering literature
data from other well-studied M. edulis - M. trossulus hybrid zones, similar extent of
hybridization is found on Atlantic shores of Canada, and much higher hybridization rate - in
the Baltic [6].

3) The Z-index showed a significant negative correlation with ISS in most samples
(for pooled data Pearson r = -0.77, P<0.001). Putative M. edulis were characterized by Z close
to one, putative hybrids demonstrated the whole range of Z, and putative M. trossulus most
frequently had Z=0. Thus mussels with Z=0 (an unbroken “dark strip”, the front shell on
Fig.2A), were attributed to a “T-morphotype” while those with Z>0 (“dark strip” broken or
absent, the shells on the back of Fig. 2A), to an “E-morphotype”. A good correspondence
between the morphotype and genotype is illustrated on the Fig. 2B. 80% of the mussels 
genetically classified as M. trossulus had T-morphotype, while 97% of the mussels 
genetically classified as ME had Е-morphotype. As far as we know, there is no other single
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qualitative morphological character with such a strong discriminative power in any sympatric 
M. trossulus – M. edulis populations. However, it remains unclear whether the “dark strip”
can be used to discriminate between M. edulis and M. trossulus in geographical regions other
than the White Sea.

4) In the three GDS populations where subsamples from different substrates were
treated separately, frequency of M. trossulus was always higher on algal substrates than on
bottom ones (Fig. 1). Association between ISS and the substrate type was significant
(P=0.029), the differences were in tens of percent. Analysis of MDS showed T-morphotypes 
to be more common on the algal substrates than on the bottom substrates (P<0.001) (Fig. 2C). 
Such microhabitat segregation (M. trossulus is more common on algal substrates while M. 
edulis mostly lives directly on the bottom) may contribute to maintaining reproductive
isolation and decreasing competition between taxa. 

Conclusion. We conclude that while M. edulis and M. trossulus are not fully
reproductively isolated, they do represent clearly distinguishable biological, ecological and 
morphological entities in the White Sea. It remains to be documented whether the observed
morphological and ecological differences are of a local character, or whether they have
simply been overlooked in other contact zones.
Fundings. This research was supported by the Russian Foundation for Basic Research (grants Nos.
08-04-01315-а, 13-04-00394-a, 15-29-02601) and St. Petersburg State University (grants Nos.
1.38.253.2014, 1.42.1099.2016). 

Fig. 1 Map of study area and sampling sites: (A). Location of the Kandalaksha Bay of the White Sea
(B-D) Sampling locations in the White Sea: (B) Kandalaksha Bay (C) Umba town area (D) Top of
Kandalaksha Bay. Data on paired local subsamples collected from the algal and the bottom substrates
are shown above and below the algae pictogram, respectively. Black pins indicate sampling sites of
the MDS (morphology only). 
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Fig. 2 Mussel morphotypes and their distribution between different genotypes and between algal and
bottom substrates: (A). Mussel shells of different morphotypes: T-morphotype with an unbroken 
prismatic dark strip under ligament (lower, front shell) and E-morphotypes with the dark strip broken 
(middle) or absent (upper shell). Measurements indicated: see text. (B). Frequencies of T-morphotypes
(Z=0) among different genetic classes (dark diamonds – M. trossulus, triangulars – hybrids, light
circles – M. edulis) in samples with different genetic constitution. Linear function was fitted to the
data. (C ). The mean frequencies of T-morphotype (Z=0) ± standard error on the algae (horizontal
axis) plotted against that on the bottom in samples from 17 sites of MDS. If frequencies were identical
on both substrates, the dots would fall on the diagonal (black line).
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Анализ генетических (аллозимных), морфологических («темная призматическая полоска под
лигаментом» - признак, позволяющий различать M. edulis и М.trossulus c 80-97% точностью) и
экологических (сегрегация по местообитаниям) данных у мидий M.edulis и М.trossulus из
Белого моря показал, что в данном регионе эти два вида сохраняют биологическую
обособленность, несмотря на ограниченную гибридизацию. 
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