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ABSTRACT
The aim of this review is to present the protein electrophoresis method, and to demon
strate the application of these molecular markers for investigating populations of marine
molluscs. The method may be used for studying Mendelian inheritance of markers and
population dynamics, eg inbreeding, Wahlund effect, genetic differentiation or gene-flow
among populations, or selection. Examples of identification of broodstocks as well as esti
mation ofthe number of individuals are presented.The application of protein electrophoresis
for taxonomic studies has been very successful. The present review shows that gel electro
phoresis ofisozymes combined with morphological characteristics or with life history char
acteristics, eg reproductive mode, is a versatile tool for identification of species and
populations of molluscs.

INTRODUCTION
The phylum Mollusca consists of seven
classes (Kohn: "Molluscan Complexity and
Diversity" in Hylleberg 1998 ) encompassing
a huge number of species. Members of the
phylum are living in marine, freshwater or
terrestrial ecosystems. The marine species
can be motile or sessile and their reproduc
tion may be either sexual or parthenoge
netic. Many of the species reproduce by mass
spawning where males and females release
the gametes into the water body, others may
fix the fertilized eggs to the sediment or
other solid compounds in the sea, and again
others may release the young ones, which
implies a mating act for the sexually repro
ducing species. Most of the species pass a
veliger stage, short or long, which again may
have either a planktonic or sedentary stage.
The mode of re production as w'~ll as the dis
persal are important factors influencing
gene-flow, ie exchange of genes from one
population to another population, among
populations within a species but also for
hybridisation among species. Unlimited
gene-flow will result in genetically uniform
populat ions whereas geographic or repro-

ductive isolation as well as selection will
result in differentiation of populations and
even in speciation. Many marine molluscs
are utilised for human consumption, either
by catching or by cultivating, so knowledge
on disper sal and on genetic variation with
the emphasis on how to increase the yie ld of
the species is important.

However, knowledge of genetic variation
is also important for conservation and man
agement of the populations or species (eg
Avise 1992; Benzie 1993 ).

Methods, which can detect genes or gene
products, are very helpful for the under
standing of genetic variation and hence the
dynamics of the populat ions.

ELECTROPHORETIC ANALYSIS
OF PROTEINS

Gene-products are eg proteins which consist
of amino acids, from a few to several hun
dreds. Amino acids have amphoteric capac
ity, which means in the very end, that pro
teins possess an electric charge depending
on the amino acids present and the pH in
the solution. Ifproteins are placed in an elec-
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Protein profile

Individual no.
Phenotype
Genotype

1 2
A Aa

AlA Ala

3
a

ala

4 5 6
A A Aa

AlA AlA Ala

7 8 9 10
A Aa a Aa

AlA Ala ala Ala

Figure 1. Protein profiles for 10 indivi duals expressing variation.

tric field they will migrate in the field de
pending on their electric charge. Some pro
teins are structural proteins, which may be
found in hair, shells etc. Other proteins are
functional proteins as enzymes which act as
catalysts in the intermediary metabolism or
as antibodies which compose the immuno
logical defence.

Method
Proteins can be separated according to their
electric charge in an electric field and visu
alized due to their functional property. The
method is called gel electrophoresis and is
performed in the following way: A small
piece of ground tissue or a small amount of
body liquid eg blood from an individual is
centrifuged to remove insoluble parts and
the supernatant is inserted into slots in a
gel, either as small droplets or as a small
piece of filter paper dipped in the supe r
natant. The gel can be made from starch,
agarose, cellulose acetate or polyacrylamide.
The electric field is created by an electric
current applied across the gel by use of elec
trodes placed in each of two trays contain
ing a selected buffer solution. Visualisation
of a certain protein can be done by utilisa
tion of the functional property of the pro
tein as mentioned above. The result will be
a protein profile consisting of one or several
bands on the gel for each individual applied.
If all the individuals have the same protein
profile the protein is said to be determined
by monomorphic locus, but ifvariation is re
vealed then the locus or the loci responsible
for the protein analysed are polymorphic. A
simple result of an electrophoresis of a pro
tein is depicted in Fig. 1. For further infor
mation, see Richardson et al . 1986 or Mur
phy et al. 1990.

The advantages of the method are that

many individuals can be scored in a short
time, that it does not need much equipment,
and that the cost per individual is low com
pared to nucleic acid markers, especially
those which rely on restriction enzymes. It
must be emphasized, that the outcome ofthe
method is very dependent on the enzymes
analysed and the gel matrix and buffer so
lution used. The method is excellent for re
vealing differences, but if identical migra
tion rates are obtained for two profiles, it
does not necessarily mean that the two in
dividuals have identical proteins.

APPLICATION
This section deals with the features to which
the technique of electrophoresis of proteins
can be applied.

Mendelian inheritance, genotypic distribu
tion and allelic frequencies
The genetic interpretation for the protein
profiles of the 10 individuals shown in Fig.
1 is done on the assumption that the pro
tein is determined by one locus with two
codominant alleles, A and a , and that the
individuals are diploids. Furthermore it is
assumed that the protein is inherited accord
ing to the Mendelian laws, so from Fig. 1,
four heterozygotes with genotype Ala (phe
notypeAa) are observed, 4 homozygotes with
the genotype AlA (ph en otype A) and 2
homozygotes with the genotype ala (pheno
type a). This illustrates that the protein pro
files of individuals can be used for estima
tion of the genotypic distribution in a popu
lation, in this case 10 individuals with the
frequency of AlA as 4/10 , of Ala as 4/10 and
of ala as 2/10. When knowing the genotypic
distribution the frequency of the alleles can
be estimated, in this case the frequency ofA
is (4 + « . 4)/10 and of a (2 + « . 4)/10. Test-
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ing Mendelian inheritance can be done by
crossing experiments. When analysing more
proteins of each individual it has to be con
sidered that linkage between the loci may
occur, ie the alleles of the loci are not segre
gating according to the Mendelian laws. The
linkage can be obtained either by physical
linkage, where the genes are located on the
same chromosome with a distance lesser
than 50 cM (centi Morgan), or by linkage
disequilibrium, where the genes due to se
lection are not inherited according to the
Mendelian laws.

Measurement ofgenetic variation
When analysing a sample of individuals for
several proteins (which mayor may not ex
press electrophoretic variation in a popula
tion) the proportion of polymorphic loci can
be estimated. Two measurements are com
monly used: Pg5 which means that a locus is
considered to be polymorphic if the allelic
frequency ofthe most common allele is 95 %
or less and Pgg where the frequency of the
common allele is 99 % or less. The number
of alleles (Na) averaged over all loci studied
may also serve as a measurement of genetic
variation. Furthermore, the average fre
quency of heterozygous individuals per lo
cus or the heterozygosity of the population
(Hobs) isa measurement of genetic variation.
Hobs is calculated by averaging the fre
quency of heterozygous individuals studied
over all loci in the population. Hexp is the
heterozygosity according to the Hardy
Weinberg proportions, see the next para
graph.

Hardy- Weinberg proportions
The observed genotypic frequencies can be
tested for fit to Hardy-Weinberg proportions
or expectations by application ofeitherx2 test
or maximum likelihood test G (Sokal & Rohlf
1981).Under the assumptions that the popu
lation studied is large, having random mat
ing and sexual reproduction, being diploid
with no occurrence of mutation, migration or
selection, the expected genotypic distribution

ofA/A,A/a, and ala is p2, 2pq , and q2, respec
tively, where p is the frequency of the allele
A and q the frequency of a , p + q = 1. Ifp and
q are the same from generation to genera
tion the population is said to be in Hardy
Weinberg equilibrium. If more alleles are
found, Hardy-Weinberg expectations can be
expanded to emphasise these by applying the
expression (PI + P2 +...+ Pi +...+ Pn)2 to the
expected frequencies, where n is the number
of alleles and Pi is the frequency of the ith

allele. Deviations from the Hardy-Weinberg
expectations may be due to insufficient in
terpretation of the zymograms, presence of
null or silent alleles, ie alleles not showing
activity on the gel, no Mendelian inheritance
of the alleles or that one or more of the as
sumptions for the Hardy-Weinberg expecta
tions are not met. To determine excess or de
ficiency of heterozygotes the following index
can be used (Selander 1970), D = (Robs 

Hexp)/Hexp, as a negative value indicates a
deficiency and a positive value an excess.

Genetic identity and genetic distance,
speciation and evolution
When analysing more than one population
it is possible to compare the allelic frequen
cies between populations by applying the
index for genetic identity (I) or genetic dis
tance (D) according to Nei (1972). The I for
one locus between the two populations x and
y is estimated as I=( p ixPiy)/« p ix2 P i 2)«)
where Pixis the frequency of the ith allele in
population x and Piythe frequency ofthe ith
allele in population y and summarised over
all the alleles in the locus. If several loci are
analysed I is averaged over all loci. The ge
netic distance D is estimated as D = -In(I). I
can obtain values from 0 to 1.The range for
D is from 0 to infinity. To obtain the best
estimates for I and D the monomorphic loci
have to be included. The estimated I or D
may be used for constructing a dendrogram
(for further information see Richardson et
al. 1986 or Swofford & Olsen 1990). The
dendrograms can be helpful in the under
standing of evolution of species.
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Effective population number (N j
When analysing a population over time it is
possible to estimate the effective population
number (Ne) under the assumption that the
enzymes studied are selective neutral
(Pollak 1983; Waples 1989). The estimate is
based on the temporal variance of allelic fre
quencies for each locus over time, eg from
one generation to next generation.

Linkage disequilibrium may also be used
for estimating N, (Bartl ey et al. 1992 ).

Divergence ofpopulations versus gene-flow
If the populations studied are separated by
geographic distance it can be of value to get
an impression of how diverged the
populations are (for further information see
Weir 1990, 1996). For this purpose a test for
homogeneity of allelic frequencies can be
used (Sokal & Rohlf 1981). Ifthis test shows
significant deviation between the samples
representing the populations, it may be use
ful to estimate F-statistics (Wright 1931),
FIS' FST and FIT, also called Wright's indi
ces. FISand FIT are the correlations between
two uniting gametes to produce individuals
relative to the subpopulation or to the total
population, respectively. FST is the correla
tion between two gametes drawn at random
from each subpopulation and measure the
degree of genetic differentiation of
subpopulations caused by genetic drift or
selection in combination with limited migra
tion. The relationship between the three in
dices are 1 - FIT =(l - FIS) (l - FST). Under
the assumption that no selection occurs, FST
can be used for estimating the number of
migrants per generation as Nm =( . (1IFST
-1). Also neighbourhood size can be esti
mated when having replicates of several
populations (Richardson et al. 1986). Corre
lation between genetic and geographic dis
tance can be found by applying a Mantel test
(eg Siegismund 1995).

Taxonomy
Application of diagnostic loci, ie loci which
show expression of alleles with different elec-

tric charge in different populations, can be
used in taxonomic studies. The more diag
nostic loci observed, the more diverged are
the populations. It has to be emphasized that
diagnostic loci per se may not be sufficient
for identification of species.

EXAMPLES OF APPLICATION OF
PROTEIN ELECTROPHORESIS

TO MARINE MOLLUSCS
The following section deals with examples
of the application of protein electrophoresis
to marine molluscs, but should not be con
sidered as an exhaustive review as the
amount of articles on this topic is incredibly
high. A recent review on Mytilus complex
was edited by Gosling (1992) and a shorter
review on marine organisms as such was
presented by Ward (1989).

Mendelian inheritance
As many of the marine molluscs can be
propagated in laboratories or under control
led conditions in cages or on ropes, it is pos
sible to perform crosses which are necessary
for the study of Mendelian inheritance of a
certain marker. Several studies have showed
that the alleles from the parents are trans
mitted to the offspring, but often not in the
way expected. Foltz (1986 ) studied segrega
tion and linkage of 11 electrophoretically
detected polymorphic loci in 10 pair crosses
of the oyster Crassostrea virginica and ob
served distorted segregation at 8 loci. Fur
thermore, some offspring failed to show
alleles, which should be received from each
parent. The deviations from the Mendelian
inheritance within the pair crossed might
be due to viability selection among the off
spring, to gametic selection in one or both
parents or to the presence of null alleles.
However, not only among oysters was devia
tion from the Mendelian inheritance found
in nature, but also in the plant Raphanus
sativus as observed by Ellstrand & Devlin
(1989). Two linkage groups were observed
for the C. virginica (Foltz 1986) .

Mytilus edulis was extensively studied by
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several authors (Beaumont et al. 1983;
Hvilsom & Theisen 1984; Mallet et al. 1985;
Beaumont et al. 1988; Beaumont et al. 1989a;
Beaumont et al. 1990; Beaumont 1991). In
all the studies deviations from the expected
Mendelian inheritance were observed and
similar explanations as mentioned for the
oyster C. virginica were presented. A link
age group was found for M. edulis
(Beaumont 1994).

It has to be emphasized that modifica
tion of the protein profile for a certain en
zyme might happen under st ress as eg an
oxia. This was observed for the enzyme pyru
vate kinase from the channelled whelk
Busycotypus canaliculatum (Plaxton & Sto
rey 1985), which existed in a phosphorylated
form under anoxia. Under stress available
phosphate in the cell might increase due to
utilization ofATP (adenosine triphosphate),
so caution to extreme conditions for individu
als may also be considered, when obtaining
deviation from Mendelian inheritance.

Measurement ofgenetic variation .
Many species of molluscs were studied for
genetic variation measured as Pg5, Pgg, Hobs '

Hexp or Na. Tab . 1 lists these values for some
species, but is not comprehensive. The fig
ures shown in the table were either taken
from the actual articles or averaged over the
figures shown in the articles, but it should
be mentioned that the enzymes used were
not the same for all the species. The number
of loci and the number of individuals ana
lysed varied much, so all the figures have to

. be treated with some precaution.
Much attention has been paid to the

meaning of heterozygosity and positive cor
relation between growth and heterozygos
ity, which was found for many species as pre
sented in the review by Mitton & Grant
(1984) and for Mytilus edulis (Koehn &
Bayne 1989; Koehn 1991 ), but the impor
tance of the plasticity of the species had to
be considered (J ergensen 1992). The corre
lation found for Mytilus edulis was studied
and discussed (Diehl & Koehn 1985; Zouros

et al . 1988; Koehn 1990; Zouros 1990). How
ever, investigations on heterozygosity in
other molluscs did not reveal the same posi
tive correlation eg Placopecten magellanicus
(Volkaert & Zouros 1989), Ruditapes
decussatus (Borsa et al . 1992), Argopecten
irradians irradians (Bricelj & Krause 1992).
Locus or allele specific effects for growth
rates and for metabolism as such were found
for Mulinia lateralis , (Koehn et al. 1988),
Mytil us edulis (Hawkins et al. 1989; Hoare
& Beaumont 1995), and Euvola ziczac
(Alfonsi et al. 1995), but also aneuploidy
might effect the growth rates as seen for
Crassostrea gigas (Th iriot-Quievreux et al .
1992). Correlation between allelic frequen
cies and shell length was found in a hybrid
population of Mytilus edulis and M.
galloprovincialis, with a higher frequency of
alleles characteristic for M. galloprovincialis
in the larger mussels (Gardner & Skibinski
1988), but difference in fitness of the two
mussels and their hybrids was not a result
of the heterozygosity per se (Gardner 1994).
However, all the investigations referred in
dicated, that only for some bivalves a posi
tive correlation between heterozygosity and
growth was observed, so the conclusion, that
growth was a function of heterozygosity was
not valid for all the marine molluscs stud
ied. Further studies should focus on specific
proteins, which physiologically are impor
tant for growth.

Hardy- Weinberg proportions
Many of the studies on marine molluscs re-

o vealed significant deviations from the ex
pected Hardy-Weinberg proportions, and
this might be due to the presence of silent
alleles, inbreeding, Wahlund effects or selec
tion. The breeding system with none, a short
or a long planktonic larval stage might be
factors responsible for the deviations found.
Environmental factors such as salinity, des
iccation or other stress factors might have a
selective impact on the different genotypes.

The hypothesis regarding silent alleles
was found to be inconsistent with the data



228 Tropical Marine Mollusc Programme (TMMPJ

Table 1. List on number ofloci (L), number of populations (Pop), number of individuals scored (Ind),
polymorphic loci (P95 or P99), heterozygosity (Hobs or Hexp) or average number of alleles (Na) for some
species of marine molluscs. 1: Bricelj & Krause 1992,2: von Brand & Kijima 1990,3: Parsons 1996,4:
Hummel et at. 1994,5: Oliverio 1995 ,6: Brown 1991 ,7: Davis et at. 1988,8: Johannesson 1992,9:
Rolan-Alvarez et at. 1995 . 10: Boulding et at. 1993, see also review by Ward 1990, 11: Carvalho &
Loney 1989 , 12: Karakousis et at. 1993, 13: Beaumont & Wei 1991, 14: Saavedra et at. 1987, 15:
Benzie & BaIlment 1994, 16: Liu et at. 1991, 17: Macaranas et at. 1992, 18: Benzie & Williams 1992b,
19: Benzie & Williams 1992a, 20: Campbell et at. 1975,21: Borsa & Benzie 1993 .
* Based on polymorphic loci.

6.76
2.23

2.3 9

3.6*
2.3

N,

1.68

3.2
2.17
3.33

1.84
1.33
1.00
1.33

1.3
1.2

2.49
1.24
1.5
1.7
2.0

H exp

0.19

0.39
0.24
0.40
0.22
0.23
0.22
0.01
0.88

0.13

0.28
0.17
0.05
0.04
0.14
0.04
0.04
0.11
0.22

0.11
0.18
0.66
0.06

0.24 *
0.15

0.12

0.36
0.23
0.36
0.23

0.18
0.58
0.05

0.46 *
0.19
0.14
0.08
0.24
0.13
0.05
0.04
0.14
0.04
0.04

0.18
0.01
0.07
0.25 *
0.13
0.10
0.10

0.85
0.73
0.78

0.47
0.60

0.27
0.80

0.39

0.53
0.35

0.11

0.50
0.35
0.70
0.51
0.42
0.86
0.86
0.15
0.11
0.61
0.18

0.13 0.35
0.70
0.90

0.57
0.45
0.33
0.00
0.22

0.33
0.50

0.57
0.43

19-111

Ind

28-64
57-72
8-30
50
26
1

19
38

88-305
50

50-55
48-60

80-146
80-146
19-34
12-18

30-126
25-3 5
25-53

39-116
36-116

7-56
1-116
2-60

app. 50
28-81
30-68

35-200
72-97

48
5-98

88-161

3

1
1

12
13
8
9
1
2
17
5
13
3
3
1
4
2
19
11
8
5
3
1
7
6

14
6
10
1
2
1
1
2

Pop

17

L

9
8
6

28
9
11
11
11

15
10
15
16
7
7

27
27
15
30

11-15
10
10
10
10
10
21

6-11
7
8
17
10
7
17

Species
Argopecten irrad ians irradian s'
Argopecten purpuratusr
Austrocochlea cons trictor
Bembicium uittatumi
Cerastoderma edule'
Cerastoderma glaucum compl ex!
Columbella adansonit
Colum bella rus tica"
Haliotis rubra"
Hydrobia Sp .7

Littorina littorea"
Littorina maria e?
Littorina obtusata"
Littorina scutulata'0
Littorina sitkana'"
Littorina Sp .1O

Loligo gahi"
Melarhaphe nerit oidest
Mytil us galloprooincialis'?
Nacella concinna'3
Ostrea edulis"
Pat inopecten yessoensis 2

Pinctada margaritifera' s
Stramonita haemostoma

canaliculata type"
Stramonita haemostoma

florid ana typ e-"
Tridacna derasa "
Tridacna gigas!·
Tridacna maxima'»
Tridacna maxima'"
Tectus pyramis"
Trochus conus21

Trochus macula tu e"
Trochus niloticue"

for four loci observed in Mytilus edulis (Mal
let et al. 1985), but was confirmed for the
locus octopine dehydrogenase in the same
species (Hoare & Beaumont 1995), so each
locus has to be considered before rejecting
the presence of silent alleles.

The mode of reproduction was reflected
in the distribution of genotypes for the
Lasaea rubra and L. australis, showing the
latter to be a pure outbreeding species,
whereas the former must have a form for
parthenogenesis (Tyler-Walters & Crisp

1989).
Selective mortality was shown to favour

M. galloprovincialis in hybrid zones between
M. edulis and M.galloprovincialis (Skibinski
& Roderick 1991). Evidence for selection
against heterozygotes dependent on age was
observed for Ostrea chilensis (Toro & Vergara
1995).

Environmental impact could be a part of
the explanation, when observing deviations
from the expected Hardy-Weinberg propor
tions as found for Crassostrea rhizophorae
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(Nirchio et al. 1991 ), Mytil us ed ulis (Koehn
et al . 1976 ), N ucella lapillus (Kirby et al .
1994a , b). A metal as copper was shown to
have an impact on the genotypic distribu
tio n of Myti lus edulis (Beaumont & Toro
1996 ). Cadmi um and mercury had an im
pact on the genotypic distribution of several
marine gastropods (Lavie & Nevo 1986a, b;
Lavie & Nevo 1987) as well as detergent and
oil (Lavie et al . 1984 ).

Genetic identity and genetic d istance, di ver
ge nc e of p opulations ve rs us ge ne-f low,
speciat ion and evol ution
Genetic ident ity a nd distance were es t i
mated for many species in order to study the
patchiness of the populations both within
species and among species and to detect
macro- as well as micro geographical diver-

. gence. Knowledge of these subjects for the
spec ies are import for conservation a nd
hereby transplantation . The bi valve
Ma com a balthica from the North-western
part of Europe delineated a pattern of geno
typic distribution similar to the Mytilus com
plex (Vainola & Varvio 1989), which might
indicate, that Maco m a balthica is a species

, compl ex lik e Mytilus . Examples on spatial
divergence in microscale was obtained for
Littori na mariae (Tat a r enkov & J ohan
nesson 1994), explained as a result of low
migrat ion rate, and for L ittorina saxatilis
(J ohannesson et al . 1995), due to a micro
clinal selection. Pa tchiness was found in the
conch S trombus gigas (Campton et al . 1992 ),
probably as a consequence of presettleme nt
stochastic events and proce sses in the ma
rine envi ronment . Marine gastropods with
different larval development, direct or plank
tonic, showed a greater differentiation for
the species with direct development (Pars ons
1996 ), and limited larval and adult disper
sal as see n for Nucella lamellosa might re
sult in genetic fragmentation (Grant & Ut
te r 1988). Even marine molluscs with simi
lar life-histories showed difference in diver
gence as found for Trochus niloticus and
Tectus coeru lescens (Borsa & Benzi e 1993),

so predictions of which species would express
a high level of divergence have to be consid
ere d impossible. High gene -flow was also
obtained for Pinctada margaritifera (Benzie
& BaIlment 1994) and the Tridacna gigas
showed no genetic differentiation in the
Great Barrier Reef (Benzie & Williams
1992b), bu t a divergence in the Pacific.This
result could not be expla ined as a resul t of
the circulati on of the ocean, but might re 
flect hi storical patterns of migration (Benzie
&Williams 1995).A similar obse rvation was
found for Tr idacna m ax ima (Ben zie &
Williams 1997), but in the Andaman Sea the
species could be divided into sub-populations
(Kittiwattanawong 1997 ).

Effective population number (N eJ
Effective population number N, is ess ential
for maintenanc e ofgenetic variation and has
been estimated for Crassostrea spe cies
(Hedgecock & Sly 1990; Hedgecock et al .
1992) and for the abalone Haliotis tubercu
lata (M gaya et al . 1995 ).

Taxonomy
The application of protein electrophoresis for
taxonomic studies has been very success ful.
Several studies compared the genetic vari
ation, revealed by isozymes and found diag
nosti c loci, eg for the scallops Argopecten
purpura tu s and Patin opecten yessoensis (von
Brand & Kijima 1990). Crossed immuno
electrophoresis as well as isozymes were
used for separation of Cerastoderma edule
and C.glaucum complex (Brock 1987 ; Hum
mel et al . 1994). Difference in larval devel
opment indicated the presence of two spe
cies in Columbella , and this was further con
firmed by the obser vation of several diag
nostic loci (Oliver io 1995 ). "Gene tic" pollu
tion of stock cultures was revealed for the
Kumamoto oys ter Crassostrea sikamea
(Hedgecock et al . 1993).Various shell meas
urements and isozyme diagnostic loci sepa 
rated the nominal s pe cies Geuk en sia
demissa into a demissa- and agranosissima
type (Sarver et al . 1992 ).
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Several studies on the genus Littorina
were perform ed in order to elucida te the spe
cies complex (Ward 1990;Johannesson 1992;
Zaslavskaya et al. 1992; Rollin-Alvarez et al.
1995) and the results were suppor te d by
morphological analysis (Reid 1990).

Th e species complex Myti lus was for sev
eral years very inte ns ively studied by many
scientists (reviewed by Gosling 1992). Hy
brid zones bet ween M. ed ulis and M .
galloprovincialis were recognized (Skibinski
& Beardmore 1979 ; Brock 1985) and differ
entia tion between the two species was not
only rev ealed by isozymes but also by mor
phometry (Beaumont et al . 1989b ).A hybrid
zone between M. edulis and M. trossulus was
found between the North Sea and the Baltic
Sea (Thei sen 1978;Vainola & Hvilsom 1991).
Along the Pacific coast ofNorth America the
two spec ies M. galloprovinc ialis and M.
trossulus were found as well as their hybrids
(McDonald & Koehn 1988). The third spe
cies, M. edulis, was found in the Whit e Sea
(McDonald et al . 1990). The major distribu
ti on of the M. edu lis complex in the North
Atlantic region was investigated (Varvio et
al. 1988) and the three species were recog
nized .

Two Rissoa spp. were separated by means
of morphometry and isozymes (Munksgaard
1990 ). It was possible to divid e Stramonita
haemostoma into two groups by means of
isoz ymatic a n a lysis, whereas she ll a n d
radular characters showed little variati on
between the two groups (Liu et al. 1991).

The many examples have shown that gel
electrophoresis of isozymes together with
morphological , morphometric or .reproduc
tive mode is a versatile tool for identifica
tion of species and populations.

CONCLUSIONS
Th e examples presented in this manuscript
have in a convincing way shown that the
method protein electrophoresis has a great
applicability for many que stions regarding
marine mollu scs. However it has to be em
phasized that revealing similarities among

individuals does not imply that the individu
als are identical as the same electri c change
can be obtain ed by an array of amino acid
compositions. It must al so be emphasized
that combinations of va rious methods may
strengthen the results found by protein elec
trophoresis.
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