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Representatives of the family Tellinidae stand out
among Bivalvia because of the brightness and variety
of their shell color. 

 

M. balthica

 

, a common representa-
tive of the shallow-water infauna of boreal and subarc-
tic seas exhibits intraspecific variation of shell color.
This variation was formally described and interpreted
as genetic polymorphism by Cain [6]. Shell color was
used as a genetic character in some population studies
of macoma [3, 5, 10]. Until now, no hypotheses on the
mechanisms of shell color inheritance have been
advanced. In the present work, a hypothetical scheme
of the shell color inheritance is suggested and the spa-
tial pattern of the color morph frequencies in popula-
tions of the mollusks from the White and Barents seas
is analyzed.

We analyzed 12 quantitative samples of 

 

M. balthica

 

from different parts of the White and Barents seas
(Fig. 1). The sample size varied from 58 to 275 speci-
mens, all of them older than three years. The color of
the inner side of the shell was determined.

Four qualitative variants of the shell color were
found in macomas from the White and Barents seas: the
white, red, orange and yellow morphs. We consider this
variation to be combinatorial, regarding the presence or
absence of a pigment in the shell (white or not white)
and the color of the pigmented shells as two indepen-
dent characters: “presence of a pigment” and “shell
color,” respectively. It seems unnecessary to introduce
additional characters to this scheme, such as the
“dichromancy of the shell” (when the top of the shell is
pigmented brighter) and the intensity of pigmentation.

These characters varied only in some of the samples,
and this variation was not qualitative.

The following genetic interpretation of the poly-
morphism is suggested. The color of pigmented shells
is determined by two pigment forms: yellow and red.
Synthesis of the pigments and their deposition in the
shells are determined by a unique diallelic “shell color”
locus. Homozygotes for one allele have red shells,
homozygotes for the other allele have yellow shells.
Heterozygotes deposit both pigments in their shells,
and their color is orange. The possibility of expression
of the “shell color” locus is determined independently
by one or several loci. Nonpigmented (i.e., white) spec-
imens could not be genotyped with respect to the “shell
color” locus.

For pigmented specimens, we calculated allelic and
genotypic frequencies for the “shell color” locus in
populations, as well as deviations from the Hardy–
Weinberg equilibrium (table). In most cases, the
observed allelic frequencies fitted the expected values,
which agreed with our genetic hypothesis (table).

The prevalent morphs in the samples were white and
(or) red. The yellow morph is always the less frequent
one. In general, the material is highly heterogeneous
with respect to the morph frequencies (Fig. 2). When
analyzing the geographical distribution of morph fre-
quencies, we put attention to the high resemblance
between the Dvina and Murman samples. In these sam-
ples, the red morph dominated. It should be noted that
the environmental conditions of these populations are
contrasting with respect to salinity (9 and 34 ‰,
respectively) and depth (6 m and the littoral).

In the White Sea, the “bright pink” color of 

 

M. bal-
thica

 

 was specially noted by Deryugin [2] for popula-
tions from the top of Dvina Bay and by Gurjanova [1]
for Mezen Bay. In Western European populations, the
maximum frequency of the red morph was recorded in
the northern Norway and Murman [5, 10]. The “tongue
of red populations” seems to penetrate from the west-
ern Barents Sea into the White Sea along its eastern
shores and to reach the Northern Dvina mouth. Analy-
sis of the allozyme loci demonstrated that the Mezen
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populations are actually closer to the western Barents
Sea ones than to the populations from the western part
of the White Sea and Pechora and Khaipudyr bays [9].
Earlier, the suitability of the color-morph analysis for
discrimination between divergent macoma populations
was demonstrated in electrophoretica studies on popu-
lations from the contact zone between the genetic races
of the mollusk living in the Baltic and North seas; the

contact zone was interpreted as a zone of the second
intergradation [10]. We believe that the high proportion
of the red morph in Murman and Dvina and Mezen
bays indicates that they belong to the same unique
genetic race different from other races inhabiting the
White and Barents seas. The data obtained are also
interesting for the following reasons. The existing
hydrodynamics prevents migration of the settling
stages of benthic organisms from the Barents Sea to the
White Sea along its eastern shores, because the prevail-
ing current is oppositely directed [2].

Macoma is one of the few marine bivalves whose
shell color polymorphism is taken into account in pop-
ulation studies. Most systems of morphs developed for
geographically remote populations include the same
list [3, 5, 10]. The data on the functional role of the
polymorphism in molluscan populations seem ambigu-
ous. In some cases, morph frequencies behave as mark-
ers of populations that have once diverged. At the same
time, the local variation of macoma against the back-
ground of the macrogeographical variation can only be
interpreted in terms of selection because of a huge lar-
val dispersion in this mollusk. This supposition is also
confirmed by the data obtained by Kafanov 

 

et al.

 

 [3],
who found higher growth rate and shell weight in white
macomas compared to colored ones in a Far Eastern
population. Macoma has an external fertilization and
spends the most part of its life within the thickness of
sediments. This makes doubtful the adaptive value of
the shell color itself [3, 5, 10]. In this case, selective dif-
ferences between the morphs could be directly deter-
mined by differences in the biochemical function of
pigments and their precursors, as well as by energy
expenditure on the pigment synthesis.
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Fig. 1.

 

 A map of the area studied. Sampling sites are indicated by figures 1–12. A dotted line shows the hydrological border between
the White and Barents seas according to [4].
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Fig. 2.

 

 Frequencies of color morphs in 

 

Macoma balthica

 

populations from the White and Barents seas. Sampling
sites are indicated by figures 1–12. Abscissa shows the pro-
portion of white mollusks; ordinate shows the proportion of
red mollusks among all colored forms.
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In conclusion, it should be noted that there are sub-
stantial differences between our interpretation of the
color polymorphism in macoma and the interpretation
suggested by Cain [6] for British populations. The lat-
ter one is based on the data obtained in studies on ter-
restrial snails, classical objects of ecological genetics.
Cain described more than 20 shell-color morphs in
macoma: color variations were grouped according to
pigmentation intensity, color hues and also by distin-
guishing dichromatic shells. Coin put forward a
hypothesis on apostatic selection due to predators as a
mechanism of maintaining polymorphism in molluscan
populations. The background shell color and pigmenta-
tion intensity in the garden snail 

 

Cepaea

 

 are deter-
mined by allelic genes [7]; color fulfills an important
cryptic and thermoregulatory function in this mollusk
[8]. Our reasons against such interpretation are pre-
sented above. These disputable questions can only be
solved in future studies.
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Observed and expected numbers of heterozygotes for the hypothetical “shell color” locus in 

 

Macoma balthica

 

 populations
from the White and Barents seas

Sample Number of colored 
specimens

Frequency of the 
“red color” allele

Observed (expected) 
numbers of heterozygotes

Heterozygote
deficiency

 

χ

 

2

 

1 77 0.89 15 (15.1) –0.01 0.010

2 47 0.85 14 (11.9) 0.15 2.085

3 64 0.65 37 (29.2) 0.21 5.718*

4 89 0.64 40 (41.0) –0.02 0.109

5 187 0.55 92 (92.5) –0.01 0.013

6 110 0.81 33 (33.4) –0.01 0.026

7 48 0.58 25 (23.4) 0.06 0.371

8 125 0.58 62 (61.1) 0.02 0.058

9 51 0.65 26 (23.3) 0.10 1.105

10 49 0.57 30 (24.0) 0.20 3.920*

11 49 0.52 29 (24.5) 0.16 2.403

12 51 0.47 28 (25.4) 0.09 0.872

 

*

 

p

 

 < 0.05.


