




apparent overdoxninance of specific activity for Odh is a 
result of genotype-dependent differences in enzyme 
concentration. And finally, further studies are needed to 
examine the possible roles of linked genetic elements, 
regulatory genes, molecular imprinting, and aneuploidy in 
generating deficiencies of heterozygotes and overdominance 
for fitness in marine bivalves.



CHAPTER 4 
SUMMARY AND CONCLUSIONS

Two sibling species of a complex of marine mussels
(Mvtilus spp.) was studied for genetic and morphological
variation in a region where they come together on the
Pacific coast of the USA. Using allozyme electrophoresis
and multivariate statistical methods, 28 samples of mussels
could be separated into three distinct groups, and
identified as M. trossulus, M. qalloprovincialis and their
hybrids. Morphologically, M. trossulus and M.
qalloprovincialis from allopatric populations could be
separated into two overlapping groups, but in regions of
sympatry and hybridization, morphological discrimination was
obscure. The central California coast was found to contain
populations that consisted of a mixture of M. trossulus. M.
qalloprovincialis and their hybrids in varying degrees. The*
structure of the region of intergradation and hybridization 
between M. trossulus M. qalloprovincialis was that of a 
mosaic or patchwork pattern that is likely to occur as a 
result of a spatially complex, patchy environment.

The geographic distribution of M. trossulus and M. 
qalloprovincialis was found to be related to the salinity 
and temperature regimes of the sampling locations and not 
related to such factors as degree of exposure to wave action 
or location in the intertidal zone. This is different from

92



93
the contact zone between M. edulis and M. qalloprovincialis 
in Europe, where the distribution of the two species is 
largely related to degree of wave exposure, with M. 
qalloprovincialis found in open coast locations and M. 
edulis found in bays. No relationship was found between 
tidal height and the distribution of M. qalloprovincialis 
and M. trossulus.

In contrast to a study of European populations of 
Mvtilus. which found differences in allele frequencies for 
Odh (an allozyirte locus that is diagnostic between M. edulis 
and M. qalloprovincialis) between samples of mussels 
collected from different tidal heights. In the present 
study, there was also no significant differences in Odh 
frequencies between samples from different tidal heights.

It appears that the different species of Mvtilus are 
ecologically distinct and genetic integrity of the different 
species of Mvtilus is maintained as a result of 
heterogeneity of the environment. Also, data presented in 
the present study indicate that the ecological factors 
acting to maintain genetic integrity between M. edulis and 
M. qalloprovincialis are different than the ecological 
factors maintaining genetic integrity between M. trossulus 
and M. qalloprovincialis. Further research is needed to 
determine the nature of the biological mechanisms that 
interact with the environment to keep the different species 
of Mvtilus distinct in spite of the possibility of



94
hybridization. And finally, future studies of the genetic 
architecture of the species differences in Mvtilus may 
provide valuable insight into the nature of species 
boundaries and the process of speciation.

Another study was undertaken to investigate common 
observations in Mvtilus and other marine bivalves of the co­
occurrence of heterozygote deficiencies and heterozygosity- 
fitness correlations. The octopine dehydrogenase locus 
(Odh) in Mvtilus trossulus was chosen because it had 
previously been reported to exhibit both deficiencies of 
heterozygotes and show positive correlations between 
heterozygosity and fitness related traits (e.g., Koehn and 
Gaffney, 1984). In an electrophoretic examination of a 
natural population of Mvtilus trossulus ten active alleles 
were revealed for the Odh locus, and a statistically 
significant deficiency of heterozygotes was observed. The 
possible existence of a null activity allele at the Odh 
locus was investigated because research had indicated that 
recessive null alleles at moderate frequencies could 
theoretically account for both heterozygote deficiencies and 
heterozygosity-fitness correlations (Skibinski et al., 
1983). The specific activity variation of octopine 
dehydrogenase in Mvtilus trossulus revealed that 
heterozygotes had on average higher specific activity that 
homozygotes. The results indicated that null activity 
alleles may be partly responsible for the observed



heterozygote deficiencies at the Odh locus in Mvtilus 
trossulus, but nulls cannot explain all the deficiencies 
observed for Odh. and cannot account for the apparent 
overdominance in enzyme activity observed in this study. 
Thus, it seems unlikely that the occurrence of null activity 
alleles are solely responsible for the common observations 
of heterozygote deficiencies and heterozygosity-fitness 
correlations. It is possible that some other form of 
aberrant gene expression could be involved in heterozygote 
deficiencies and heterozygosity-fitness correlations in 
marine bivalves. Other possible explanations include 
molecular imprinting and aneuploidy, but these models are 
difficult to test and will require additional research.
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