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Inheritance o f  a shell-co lor  
polym orphism  in  the m ussel

D a v i d  J. I n n e s  a n d  L e s l i e  E . H a l e y

SHELL-COLOR polym orphism s are known to exist in 
several molluscan species2. M ost studied is probably 

the land snail, Cepaea nemoralis, which exhibits a few 
distinct morphs based on shell color and banding pattern 
These visual polymorphism s allow field populations to be 
characterized by their phenotypic frequencies. Popula
tions from different geographical regions can therefore 
easily be com pared with respect to observed morph 
frequencies. Such ecological genetic investigations have 
made a large contribution to  the understanding of the 
mechanisms maintaining population polymorphisms under 
natural conditions.

Using shell-color morphs to study ecological genetics 
of molluscs implies an underlying genetic basis for the 
polymorphism. Environm ental factors, such as diet, are 
known to influence shell co lo r7. Circum stantial evidence, 
such as the color o f newly repaired shells, has been 
used to indicate its genetic determ inism 4. But the best 
way to  understand the genetics of any character obviously 
is through selected crosses and observation in the F, 
generation.

Shell color in the com mon mussel, Mytilus edulis, is 
predominantly black. The occurrence o f a brown form, 
which actually ranges from pure brown to alm ost black, 
except for a small brown patch near the umbone (see 
cover), has been noted. A striped phenotype was also 
observed, where brown and black stripes of varying 
thickness run along the length of the shell. Information 
on the genetic basis of such a color polymorphism should 
be easily sorted out by performing the appropriate crosses.

Materials and Methods

Adult mussels were collected about the time of natural 
spawning from a single population located in a sheltered 
bay at Ostrea Lake, Nova Scotia. Observation of the 
phenotypes from this population showed black at a 
frequency of 0.95, brown 0.02 and various other in
dividuals with a mixed brown and black shell color (includ
ing stripes) making up the remaining 0.03 (A7 =  1257).

Sexually mature mussels release large quantities of 
eggs or sperm into the surrounding w ater, allowing for 
multiple matings between separate individuals. Crosses 
were originally made for experim ents designed to in
vestigate the genetics of growth rate during the free- 
swimming larval s tage5. Five half-sib families were
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FIGURE 1— A shows 1:1  segregation o f brown and black 
5 -1 0  mm mussels in family 3; B —m ature brown and black 
mussels from family 3; m ature brown and striped  m ussels 
from  fam ily 6.

produced by crossing a single female with five different 
males. A sixth family was produced by a cross between 
a second female and the fifth male in the first cross. 
These families were maintained under identical conditions 
in running sea w ater and regularly fed a suspension of 
algae (Tetraselmis  sp.).

Results and Discussion

After the larvae had settled as spat and grown to a 
size o f about 5 -10  mm, a clear-cut segregation of shell
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color was observed in each family (Figure 1). Table I 
sum m arizes the available data. These families were

The brown and black m orphs are clearly a result o f 
genotypic differences. Using the limited inform ation 
from  Table I, a single-gene two-allele model is proposed 
to explain the results, brown being dom inant over 
black. If this is true, female 1 should have been brown 
(B b ), male 1 brown (Bb)  and male 2 brown (B b ). 
The expected genotypes of males 3, 4, and 5 (bb, bb, Bb) 
conform  to the observed shell colors. The cross between 
female 2 and male 5 produced approxim ately equal 
num bers of brown and striped progeny. If  female 2 was 
brow n with a BB  genotype we would expect an all-brown 
family to conform  to our model. The occurrence o f a 
striped form may indicate a second gene that controls the 
striped phenotype.

Since large adults in the field exhibit various patterns 
o f brown shell color, it is o f in terest to know if the 
individuals in our families that are brown when they are 
small rem ain pure brown as they grow larger. To test this, 
10 individuals o f each color from each family were placed 
in separate mesh bags and suspended in O strea Lake over 
the sum m er growing season. A t the end o f this period no 
modification of the original shell color was observed.

Summary

In populations o f the mussel Mytilus edulis a  brown 
shell phenotype occurs a t a lower frequency than the

common black phenotype. C rosses between individuals 
and observations on the shell color o f the nronenv indicate

shell color appears to be the result o f a single gene with 
the brown allele dom inant over the black. The brown 
shell color may be modified by black stripes controlled 
by a second gene.

Literature Cited

1. C l a r k e , B. The cause of biological diversity. Scient. Am. 
233:50-60. 1975.

2. C o l e , T.J. Inheritance of juvenile shell colour of the 
oyster drill, Urosalpinx cinerea. Nature 257:794-795. 1975.

3. F i e l d , I.A. Biology and economic value of the sea 
mussel, Mytilus edulis. U.S. Fish. Wildi. Ser. Fish. Bull. 
38:1-259. 1922.

4. G i e s e l , J.T. On the maintenance of a shell pattern and 
behavior polymorphism in Acmaea digitalis, a limpet. Evolution 
24:98-119. 1970.

5 .  I n n é s , D.J. Genetic aspects of larval growth under 
reduced salinity in Mytilus edulis. M.Sc. Thesis, Dalhousie 
University, Halifax, Nova Scotia, pi—72. 1976.

6. J o h n s o n , A.G. and F.M . U t t e r . Electrophoretic 
variants of aspartate amino transferase of the bay mussel, 
Mytilus edulis (Linnaeus, 1778). Comp. Biochem. Physiol. 44B: 
317-323. 1973.

7. U n d e r w o o d , A.J. and R.G. C r e e s e . Observations on 
the biology of the trochid gastropod Austrocochlea constricta 
(Lamarck) (Prosobranchia). II. The effect of available food on 
shell-banding pattem. J. Exp. Mar. Biol. Ecol. 23:229-240. 1976.

T ab le  I. Shell co lo r o f  the F, g en era tio n  o f  6 fam ilie s  d e riv e d  from  5 m ales c ro ssed  to a s ing le  fem ale an d  a second fem ale 
c ro ssed  to the  fifth m ale. O b serv ed  co u n ts  a n d  expec ted  ra tio s  assu m in g  M endelian  in h eritan ce

o f  two a lle les  a t th e  shell co lor locus

Parental shell color F, shell color
Total
no.

Expected
ratio x 2tFemale Male Brown Black

1. 1* 154 62 216 3 1 0.8
2. 2* 59 24 83 3 1 0.7
3. 1* 3 Black 65 66 131 1 1 0.01
4. 4 Black 38 49 87 1 1 1.4
5. 5 Brown 143 55 198 3 1 0.8
6. 2* 5 Brown 29 22 striped 51 1 1 0.96

* Shell color unknown 
t  All X2 values not significant at cc = 0.05


