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ABSTRACT: Genetic polymorphism at the loci encoding the enzymes phosphoglucose isomerase, leucine aminopeptidase and 
phosphoglucomutase was investigated in Irish Mytilus populations. Allele frequencies and heterozygote proportions indicated 
that populations on exposed Atlantic coasts differed from those on sheltered Atlantic coasts, and from Irish Sea mussels. When 
compared with data on M. edulis collected in northern France and M. galloprovincialis from the Mediterranean these data 
indicate that in Ireland M, galloprovincialis occurs mainly at exposed sites, and hybridization with M. edulis occurs frequently. 
The systematic status of the two forms remains uncertain In the l ~ g h t  of genetic evidence of hybridization and intergradation 
between them. 

INTRODUCTION galloprovincialis occurs only to a very limited extent 
and hybrids are consequently rarer. 

Mytilus edulis L. and Mytilus galloprovincialis Lmk. 
occur on the coasts of Ireland (Baird, in Hepper, 1957; 
Kitching et al., 1959; Ebling et al., 1960). They are not, MATERIALS AND METHODS 
however, evenly distributed on all coasts; Seed (1974) 
reported that M. edulis alone occurred on the Irish Sea Approximately 4100 individual mussels were anal- 
coast, whereas both mussels were found on the South, ysed in the period since October 1974. These were 
West and North coasts. Until recently, the two mussel collected from 26 sites on the coasts of Ireland 
types were distinguished by physiological and mor- (Table 1). Mussels were collected from two types of 
phological characters alone (Seed, 1971). These habitat: exposed sites, located on headlands lacking 
characters are very variable in British and Irish mus- protection from wave action and prevailing winds and 
sels (Lewis and Seed, 1969), and accurate identifica- sheltered sites located at the inner end of inlets and 
tion of populations of the two types based on these bays in fully saline waters. At four sites (2,5, 17 and 28) 
characteristics is difficult, especially at exposed sites mussel populations were entirely sublittoral; these 
(Seed, 1974). Biochemical genetic studies have indi- were classified as sheltered sites. For purposes of com- 
cated that they differ also at a small number of enzyme parison pure samples of Mytilus galloprovincialis were 
gene loci (Ahmad and Beardmore, 1976; Gosling and analysed from Venice and Cannes on the Mediterra- 
Wilkins, 1977; Skibinski et al., 1978) and in addition, nean coast and a single sample of M. edulis was 
suggest that some hybridization may occur between analysed from San Vaast on the Channel coast of 
the two forms on the Atlantic coasts of Ireland and France. 
parts of Britain. The extent of hybridization varies from Technical details of sample preparation, elec- 
site to site, and it has been suggested (Skibinski and trophoretic procedure and visualization of Pgi and Pgm 
Beardmore, 1979) that in some environments hybrids have been described previously (Gosling and Wilkins, 
and individuals of mixed ancestry may have fitness 1977). Staining for Lap was performed using the 
superior to that of the edulis form. The results of the method of Murdock et al. (1975), but the Lap locus 
present study, takenin conjunction with those from our studied by us is not that studied by Murdock et al., nor 
preliminary report (Gosling and Wilkins, 1977), sug- the Lap-1 locus described in Skibinski and Beardmore 
gest that the M. galloprovincialis form favours the (1979). 
offshore habitat and hybridization with M, edulis is The terminology used for all allozymes is as follows: 
common there; in sheltered shore environments, M. a indicates the least anodal allozyme, and b, c, d etc. 

O Inter-Research 
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Table 1 Classification of the various sampling sites on the 
Irish, French and Italian coasts. E: exposed site; S: sheltered 
site; N: minimum number of individuals analysed for each of 
the 3 loci - Pgi, Lap and Pgrn. Mussels from Sites 13 and 29 
were not assayed for Pgrn. Mussels from Sites 6, 11 and 13 

were not assayed for Lap 

I Site Shore exposure I 
IRELAND 
East coast 

1 Belfast S 142 
2 Drogheda S 7 9 
3 Baldoyle S 99 
4 Dublin S 100 
5 Wicklow S 3 7 
6 Cahore Point E 7 0 

South coast 
7 Wexford 
8 Waterford 
9 Cork 

10 Cork 
11 Kinsale 
12 Lough Ine 
13 Bantry 

West coast 
14 Kilkee 
15 Blackhead 
16 Nimmo's Pie1 
17 Lough Atalia 
18 Salthill 
19 Cama 
20 Glinsk 
21 Killary 
22 Achill 
23 Donegal 
24 Donegal 

North coast 
25 Melmore Head 
26 Portrush 

NORTH FRANCE AND MEDITERRANEAN AREA 
27 San Vaast S 92 
28 Cannes S 6 8 
29 Venice S 54 

are used for progressively more anodal allozymes. 
Alleles Pgif, Pgid and Pgib in this paper correspond to 
alleles PgiA, PgiB and PgiC respectively in Gosling and 
Wilkins (1977) and to alleles Pgi5, Pgi3 and Pgi' of 
Ahmad and Beardmore (1976). 

RESULTS 

Pgi, Pgm and  Lap migrated towards the anode in all 
individuals and multiple zones of activity were 
observed for each enzyme. 

At the Pgi locus 7 alleles were observed in Irish 
populations of Mytilus. The three most common alleles 
were designated Pgi! Pgid and Pgib. The less common 

alleles were Pgia, Pgic, Pgie and Pgig. All of these, with 
the exception of Pgid and Pgig, were also observed - 
though at different frequencies - in M. galloprov~n- 
cialis from the Mediterranean area. 

At the Lap locus, 3 common (Lapb, LapC and Lapd) 
and 2 rare alleles ( L a p  and Lape) were observed in 
both forms. At the Pgm locus also both forms exhibited 
three common (Pgmb, PgmC and Pgmd) and two rare 
alleles (Pgma and Pgme). At each locus all alleles 
which exhibited a frequency 2 0.05 in at least one 
sample were treated separately for statistical analyses. 
Alleles with frequencies < 0.05 have been pooled 
where necessary. 

Irish Sea Sites 

527 individuals were analysed from 6 separate sites, 
all but one of which were sheltered or sublittoral. 
Table 2 summarizes the allele frequency data for the 
common alleles at  each enzyme locus in these samples. 
Genotype proportions and allele frequency data for 
each of the samples analysed in  the present study are 
available on request. 

Pgi: At the Pgi locus 3 alleles Pgib, Pgid and Pgif 
were common with mean frequencies of 0.05, 0.30 and 
0.61 respectively; 2 other alleles Pgid and Pgig each 
occurred at  frequencies of approximately 0.01. The 
alleles Pgie and Pgic were entirely absent in these 
samples, all of which were in Hardy-Weinberg 
equilibrium with D, values close to 0 (D, was calculated 
as [H,-H,]/H,, where H, is the total number of 
heterozygotes observed per sample, and H, the total 
number expected from the estimated allele frequen- 
cies). Allele frequencies were homogeneous over all 
sites analysed. 

Lap: At the Lap locus 3 common alleles, Lapb, LapC, 

Table 2. Mean frequencies and standard deviation of the 
major alleles of Pgi, Lap and Pgrn in samples of mussels from 

Irish coastal sites. N: number of sites sampled 

IRISH SEA COAST ATLANTIC COAST 
Locl Sheltered Sheltered Exposed 

N = 5 N =: 9 N = 9  

Pglb 0.05 -t 0.01 0.05 f 0.02 0.04 ? 0.02 
Pgid 0.30 k 0.01 0.37 t 0.05 0.44 + 0.06 
Pgie 0.0 t 0.0 0.02 f 0.03 0.16 5 0.07 
PgP 0.61 ? 0.02 0.52 t 0.07 0.29 f 0.05 
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and Lapd and 2 rare alleles Lapd and Lape were 
observed. The mean frequency of LapC (0.61) was con- 
siderably higher than Lapd (mean frequency 0.26). All 
samples were in Hardy-Weinberg equilibrium and 
allele frequencies were homogeneous over localities. 

Pgm: 3 common alleles Pgmb (H 0.13), Pgmc ( p  0.64) 
and Pgmd (P 0.21) and 2 rare alleles Pgmd and Pgme 
were observed at this locus. Allele frequencies were 
homogeneous over localities. There is no evidence at 
the 3 loci that the mussels in the Irish Sea constitute 
anything except a single panmictic population. The 
single exposed shore sample did not differ greatly in 
allele frequency from the sheltered shore samples from 
this area. 

Atlantic Coast Sites 

Approximately 3400 individuals were analysed from 
9 exposed and 9 sheltered sites on the Atlantic coasts 
(North, West and South coasts) of Ireland. The data 
obtained are summarized in Table 2. 

In both sheltered and exposed shore samples four 
common Pgi alleles (Pgib, Pgid, Pgie and Pgi'), 3 com- 
mon Lap alleles (Lapb, LapC, Lapd) and 3 common Pgm 
alleles (Pgmb, Pgmc and Pgmd) were observed. How- 
ever, the frequencies of these alleles differed consider- 
ably between the 2 groups of samples. 

Pgi: In sheltered sites Pgif had a mean frequency of 
0.52, and Pgie - which was entirely absent from the 
Irish Sea sites - had a mean frequency of 0.02. At 

exposed sites the mean frequency of Pgifwas signifi- 
cantly smaller (p 0.29) and that of Pgie (p 0.16) signifi- 
cantly greater than in sheltered sites. Within each 
group - exposed and sheltered - interlocality 
heterogeneity in allele frequency was greater than that 
observed in the Irish Sea samples. The majority of the 
sheltered shore samples were in Hardy-Weinberg 
equilibrium, whereas all exposed shore populations, 
with one exception, exhibited significant deficiencies 
of heterozygotes. 

Lap: In sheltered sites the mean frequency of Lapc 
(0.57) was higher and,that of Lapd (0.30) lower than in 
exposed shores (0.48 and 0.41 respectively). All sam- 
ples with the exception of two sheltered shore sites 
were in Hardy-Weinberg equilibrium. 

Pgm: The mean frequencies of the 3 common alleles 
were very similar in the 2 groups. In general, the 
frequency of Pgmd was higher and that of PgmC lower 
than those observed in the Irish Sea samples. At 6 sites 
significant deficiencies of heterozygotes were 
observed. When the mean allele frequencies at the 3 
groups of sites (Irish Sea, Atlantic sheltered and Atlan- 
tic exposed) were compared by single-factor analysis 
of variance, the differences between them were 
statistically significant (p < 0.05 or less) for the most 
common alleles at  all loci. Of the 3 loci, Pgi exhibited 
the greatest degree of differentiation in all intergroup 
comparisons. The major component of the overall 
heterogeneity can be attributed to differences between 
exposed Atlantic sites and sheltered (both Atlantic and 

Table 3. Frequency of Pgie together with D, values at the Pgi locus in samples of Mytilusfrom exposed and sheltered sites on the 
Atlantic coasts of Ireland. D, = deviations of observed heterozygote numbers from Hardy-Weinberg expectations formulated as: 
D, = (Ho-H,)/H,, where H, = total number of heterozygotes observed and H, = total number expected from the estimated allele 
frequencies. Site numbers in parentheses correspond to those in Table 1. Hml" and Hmdx: minimum and maximum proportions of 
hybrid genotypes in each population. (See text for calculation procedure). Probability that observed genotype proportions within 
each population depart from Hardy-Weinberg expectations given after D, value as follows: N.S. = deviation not significant; 

= significant at the 5 % level; " = significant at the 1 % level; " ' = significant at the 0.1 % level 

ATLANTIC SITES 
Exposed Sheltered 

Site pe D1 Hm'" Hrnax Site pe Dt Hmin Hmd* 

(7) 0.15 - 0.31 ' ' ' 4.3 20.0 (8) 0.0 - 0.29- " 0.0 0.0 
(9) 0.16 -0.17' '  9.6 25.0 (10) 0.06 - 0.25" 4.9 9.0 

(14) 0.16 - 0.33' ' ' 7.6 11.0 (11) 0.02 +0.08 N.S. 3.4 7.0 
(15) 0.28 - 0.17" 8.0 25.0 (13) 0.05 - 0.19 N.S. 4.9 6.0 
(19) 0.13 - 0 . 1 7 ~ ~ ~  5.3 14.0 (16) 0.0 - 0.10 N.S. 0.0 0.5 
(22) 0.17 - 0.03' 9.5 25.0 (17) 0.01 - 0.09 N.S. 1.0 2.0 
(23) 0.13 - 0.30' ' ' 5.8 14.0 (18) 0.0 - 0.01 N.S. 0.0 0.0 
(25) 0.19 - 0.09 N.S. 6 5 24.0 (21) 0.02 - 0.08 N.S. 0.8 3.0 
(26) 0.09 - 0.38' ' ' 6.7 11.0 (24) 0.06 - 0.11 N S. 4.3 9.0 

Mean 0.16 - 0.22 7 03 18.78 0.02 - 0 11 2.14 4.05 
S .D.?  0.05 0.11 1.71 5.88 0.02 0.11 2.06 3.53 

Note: In populations with D, values close to 0, individual genotype proportions can be significantly out of Hardy-Weinberg 
equilibrium 
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Table 4. Pgi, Lap and Pgm allele frequencies together with x2 and D, values in samples of  Mytilusfrom Lough Ine and Glinsk. xZ: 
goodness-of-flt of observed to expected values from Hardy-Weinberg equilibrium; N.S. = P > 0.05; ' = P < 0.05; ' ' = P < 0.01; 

" ' = P < 0.001 

Pgi 
Lough Ine N a b C d e f g 2 D, 

M. gallopr. 162 0.01 0 Of 0.04 0.45 0.17 0.24 0.02 29.2. " - 0.22 
Glinsk 

M. edulis 40 0.0 0.09 0.05 0.46 0.06 0.34 0.00 4.7N.S. -0 .02 
M. gallopr. 116 0.0 0.02 0.06 0.42 0.24 0.25 0.00 49.6' ' - 0.22 

Lap 
Lough Ine N a b C d e x2 D, 

M. gallopr. 230 0.01 0.07 0.55 0.37 0.01 24.3"' - 0.22 
Glinsk 

M. edulis 39 0.0 0.06 0.51 0.42 0.0 9.6' ' - 0.40 
M. qallopr. 124 0.0 0.14 0.47 0.38 0.01 6.9 N.S. - 0.15 

Pgm 
Lough Ine N a b C d e 2 D, 

M. gallopr. 23 1 0.01 0.12 0.57 0.29 0.01 4.9 N.S. - 0.02 
Glinsk 

M. edulis 39 0.0 0.14 0.54 0.31 0.01 1.2 N.S. - 0.12 
M. gallopr. 132 0.0 0.17 0.53 0.27 0.03 8.3 N.S. - 0.14 

Irish Sea) sites. Sheltered Atlantic sites are not identi- 
cal to sheltered Irish Sea sites although the differences 
between them are significant for only 4 allelic com- 
parisons and then only at  the 5 % level. 

Three special features of the data for the Pgi locus 
are presented in Table 3: (a) Pgie which is entirely 
absent in all Irish Sea samples, both sheltered and 
exposed (527 individuals), occurs at a low mean fre- 
quency (0.02) in sheltered Atlantic sites and at  rela- 
tively high mean frequency (0.16) in exposed Atlantic 
sites. (b) The high frequency of Pgie is positively corre- 
lated with high negative D, values (i. e . ,  large deficien- 
cies of heterozygotes) in these samples. The D, values 
in Table 3 refer to total heterozygote deficiency, not to 
those involving Pgie alone; they measure the extent to 
which the total number of heterozygotes depart from 
Hardy-Weinberg expectations. (c) If hybridization is 
taking place between the 2 types of mussel one method 
of estimating its amount is to calculate the frequencies 
of individuals heterozygous for two different alleles, 
each of which is common in one form of mussel but 
uncommon in the other. At the Pgi locus such geno- 
types occur at an average frequency of 7-19 % on 
exposed Atlantic sites and at  2-4 % on sheltered sites, 
depending on which genotypes are used in the calcu- 
lation (Table 3). The minimum value is calculated 
using Pgi genotypes a/c, a/e, b/c, b/e, c/f, c/g, e/f and 
e/g alone. The maximum value includes the genotypes 
c/d and e/d which may represent either hybrids or pure 
Mytilus galloprovincialis heterozygotes. 

At 2 sites (Lough Ine and Glinsk) mussels were found 
which morphologically resembled Mytilus gallo- 

provincialis. Because of this, allele frequency data for 
these samples were treated separately and are pre- 
sented in Table 4 .  The Lough Ine sample was collected 
from the site at which Kitching et  al. (1959), Ebling et 
al. (1960) and Seed (1974) had observed a high inci- 
dence (58-77 %) of M. galloprovincialis. At all 3 loci, 
allele frequencies closely resembled those characteris- 
tic of Atlantic exposed shore mussels (Table 2). A sig- 
nificant deficiency of heterozygotes was observed at 
the Pgi and Lap loci. Individuals bearing some 
resemblance in shell morphology to M. edulis were 
subsequently separated from this sample. These con- 
stituted approximately one third of the total sample. 
No statistically significant differences in allele fre- 
quencies were observed at any of the three loci be- 
tween these individuals and the remainder of the sam- 
ple. At the Pgi locus the 'eduls group' was in Hardy- 
Weinberg equilibrium whereas a significant defi- 
ciency of heterozygotes was observed in the remain- 
der. The opposite was observed at  the Lap locus where 
a significant deficiency of heterozygotes was observed 
only in the 'edulis group'. 

In the Glinsk sample also, the mussels resembled 
Mytilus galloprovincialis morphologically. Allele fre- 
quencies at the 3 loci again closely resembled those 
characteristic of Atlantic exposed shore mussels 
(Table 2). A significant deficiency of heterozygotes 
was observed only at the Pgi locus. This sample was 
compared with mussels collected from the same shore 
but which did not obviously resemble M. galloprovin- 
cialis in shell characteristics. The 2 samples differed 
significantly at the Pgi locus and the frequency of Pgie 
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Table 5. Pgl, Lap and Pgm allele frequencies together with x2  values in samples of Mytilus edulis and M. galloprov~ncialis from 
San Vaast and Cannes (France) and from Venice (Italy) 

Pgi N d e f Others' 2 
San Vaast M. edulis 92 0.26 0.0 0.64 0.10 5.5 N.S. 
Cannes M gallopr. 80 0.79 0.13 0.03 0.05 1.4 N.S.  
Venice M. gallopr. 7 4 0.87 0.12 0.0 0 01 0.4 N.S. 

Lap N b C d Others' x2 
San Vaast M. edulis 102 0.14 0.66 0.20 0.0 0.4 N.S. 
Cannes M. gallopr. 95 0 02 0 53 0.45 0.0 35.2"' 
Venice M. gallopr. 54 0.07 0.51 0.40 0.02 1.1 N.S. 

pgm N b C d Others' 2 
San Vaast M. edulis 104 0.12 0.66 0.22 0.0 4.3 N.S. 
Cannes M. gallopr. 68 0.10 0.53 0.34 0.03 6.5 N.S. 

Pooled uncommon alleles Pgia, Pgib and Pgis in M. edulis; PgP and PgiC in M. galloprovincialis; Lape; Pgmd and Pgme 

was significantly higher in the sample resembling M. 
galloprovincialis. The M. edulis sample was in Hardy- 
Weinberg equilibrium at the Pgi and Pgm loci but not 
at the Lap locus. The M. galloprovincialis sample was 
in Hardy-Weinberg equilibrium at the Pgrn and Lap 
loci but not at the Pgi locus. 

Sites Outside Ireland 

Mussels identified morphologically as either Mytilus 
edulis or M. galloprovincialis were collected from sites 
in France and Italy; their allele frequency data are 
presented in Table 5. Contingency x2 tests indicated 
that allele frequencies at the Pgi locus were signifi- 
cantly different in the 2 forms (p < 0.001). Pgid was the 
commonest allele in M. galloprovincialis (j5 = 0.83); 
the frequency of Pgif was high in M. edulis (p = 0.64) 
and extremely low in M. galloprovincialis (p = 0.02); 
Pgie, which was absent in M, edulis, occurred at a 
mean frequency of 0.13 in M. galloprovincialis. The 
mean frequency of Lapd (0.43) was significantly higher 

(p < 0.001) and that of LapC (0.52) significantly lower 
(p < 0.001) in M. galloprovincialis than in M. edulis. 
At the Pgm locus also allele frequencies in the two 
species differed significantly but only at the 5 % level. 

In summary, Pgiproved to be the most effective locus 
in differentiating samples which were identified mor- 
phologically as either pure Mytilus edulis or pure M. 
galloprovincialis. Highly significant differences 
(p < 0.001) in both genotypic and allelic distributions 
at  this locus were observed when populations of the 2 
forms were compared. The other 2 loci were not as 
useful in differentiating between them. 

Table 6 summarizes the allele frequency data for 
Irish mussel populations and compares these with the 
data on Mytilus edulis and M. galloprovincialis from 
France and Italy. The overall resemblance of the Irish 
Sea and sheltered Atlantic data to those of M. edulis 
from northern France is apparent. The Atlantic 
exposed shore mussels, on the other hand, are very 
different from French M. edulis, and from the Irish Sea 
samples, and their allele frequencies at all 3 loci are 
intermediate to those of M. edulis and M. galloprovin- 
cialis. 

Table 6. Mean frequency of the major Pgi, Lap and Pgm alleles in pure Mytilus edulis from France, in Irish coastal mussels and in 
pure M. galloprovincialis 

Mytilus edulis Pgib Pgjd Pgie Pgli Lapb L a p  La@ Pgmb Fgmc Pgmd 
France 0.04 0.26 0.0 0.64 0.14 0.66 0.20 0.12 0.66 0.22 

Mytjlus 
Irish Sea 0.05 0.30 0.0 0.61 0.11 0.61 0.26 0.13 0.64 0.21 
Atlantic sheltered 0.05 0.37 0.02 0.52 0.10 0.57 0.30 0.13 0.60 0.25 
Atlantic exposed 0.04 0.44 0.15 0.29 0.09 0.48 0.41 0.14 0.57 0.28 

M. gallopr. 
Mediterranean 0.01 0.83 0.13 0.02 0.05 0.52 0.43 0.10 0.53 0.34 



226 Mar. Ecol. Prog. Ser. 4 :  221-227, 1981 

DISCUSSION 

The study of genetic variation In European popula- 
tions of mussels is complicated by the occurrence of 
two morphologically distinct forms, Mytilus edulis and 
M. galloprovincialis. While some authorities regard M. 
galloprovincialis as a good species, others consider it a 
variety of the larger M. edulis superspecies (see review 
by Lubet, 1973). Whether they are regarded as separate 
species or not, they do differ biochemically at a 
number of loci (Ahmad and Beardmore, 1976, Gosling 
and Wilkins, 1977 and Skibinski et al., 1978). These 
biochemical differences are confirmed and extended 
in this study and can be summarized as follows: M. 
galloprovincialis is characterised by a high frequency 
of Pgid and an intermediate frequency of Pgie. M. 
edulis is characterised by a high frequency of Pgifand 
the absence or very low frequency of Pgie. When sam- 
ples of the 2 forms are compared at this locus, statisti- 
cally significant differences in both genotypic and 
allelic proportions are observed. At the Lap and Pgm 
loci while both forms share the same alleles, each 
exhibits its own characteristic allele frequencies and 
these are significantly different between the two. Of 
the three loci analysed Pgi appears to be the most 
useful in differentiating between the two types of mus- 
sels. Mussels on the Irish Sea coast of Ireland exhibit 
allele frequencies at all 3 loci which are very similar to 
those of the pure M. edulis population collected at San 
Vaast and to pure samples of M. edulis collected else- 
where by others (Ahmad and Beardmore, 1976; Ahmad 
et al., 1977). This fact, together with the homogeneity 
in allele frequency observed throughout the Irish Sea 
samples and their morphological appearance, is con- 
sistent with the view (Seed, 1974) that mussels in this 
region constitute a single panmictic population of M. 
edulis alone. 

The outstanding feature of the Atlantic coast data is 
the marked difference observed between exposed- 
shore mussels and those from sheltered sites. We 
believe that this difference reflects the occurrence in 
exposed shore samples of significant proportions of 
both Mytilus galloprovincialis and M. edulis, whereas 
M. galloprovincialis does not occur to any great extent 
on sheltered shores. Our reasoning is as follows: Allele 
frequencies, especially at the Pgi locus are signifi- 
cantly different between pure M. edulis and pure M. 
galloprovincialis (see Table 5). Samples which are 
mixtures of these 2 forms will exhibit intermediate 
allele frequencies (depending on the relative propor- 
tions in the mixture) and, in addition, will exhibit 
overall deficiencies of heterozygotes (the Wahlund 
effect) at those loci where allele frequencies differ 
greatly. This is precisely what is observed in Atlantic 
exposed shore samples. When the frequencies of the 10 

major alleles are compared (Table 6), exposed-shore 
populations exhibit values which are either similar to 
those of M. galloprovincialis or are intermediate be- 
tween M. edulis and M. galloprovincialis in 8 of the 10 
comparisons. At the Pgi locus, where M. edulis and M. 
galloprovincialis differ most in allele frequencies, all 
the exposed shore populations exhibit relatively high 
frequencies of the M, galloprovincialis allele Pgie and 
all have statistically significant total heterozygote 
deficiencies. Sheltered Atlantic shore populations, on 
the other hand, have allele frequencies which resem- 
ble more closely those of M. edulis and, with only two 
exceptions, are all in Hardy-Weinberg equilibrium at 
the Pgi locus. They are not, however, identical to the 
M, edulis population of the Irish Sea (Table 2).  

We reject the hypothesis that the genetic differences 
observed between exposed and sheltered shore mus- 
sels are due to selection for the following reasons: 
Mussels from the single exposed shore site sampled on 
the Irish Sea coast did not differ appreciably in allele 
frequency from the sheltered shore samples, and did 
not exhibit deficiencies of heterozygotes at the Pgi 
locus. In the two sheltered Atlantic sites, i. e. ,  L. Ine 
and Glinsk where the mussels resembled Mytilus 
galloprovincialis in morphological features, and at one 
of which (L. Ine) M. galloprovincialis has been con- 
firmed by a number of Independent authors, the allele 
frequencies and genotype proportions resemble 
exposed rather than sheltered shore mussels. Finally, if 
selection is acting against heterozygotes in exposed 
shore populations, a greater deficiency of heterozy- 
gotes might be expected among larger (older) indi- 
viduals than in smaller (younger) individuals. In our 
earlier report (Gosling and Wilkins, 1977) we showed 
that heterozygote deficiency at the Pgi locus is neither 
correlated with absolute nor relative size of individual 
mussel nor is it correlated with position of the mussels 
on the shore, i.  e . ,  mussels in the higher, more exposed 
regions of the shore do not differ in allele frequency or 
genotype proportions from samples collected sublittor- 
ally in the same area. 

The factors which result in the virtual absence of 
Mytilus galloprovincialis from most of the sheltered 
shore sites are at present unknown, as are those which 
exclude ~t from the Irish and British coasts (Seed, 1974; 
Skibinslu and Beardmore, 1979) of the Irish Sea. 
Indeed, genetic evidence shows that in Britain M. 
galloprovincialis occurs only along the Cornish 
peninsula, the extreme north and north east of Scot- 
land and along the coast of Yorkshire (Skibinski and 
Beardmore, 1979). It would be valuable to know 
whether these represent the more exposed of the sites 
sampled in Britain. 

On the coasts of Ireland and Britain, the 2 forms are 
not easily distinguished morphologically. Features 
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normally confined to one or other of the forms often Ahmad, M,, Skibinski. D. 0 .  F., Beardmore, J. A. (1977). An 

occur together in single individuals, and intermediate 
forms occur commonly, making accurate ident~fication 
difficult and sometimes impossible. Difficulties of this 
nature have been experienced by Lewis and Powell 
(1961), Seed (1974), Ahmad and Beardmore (1976) and 
by us in this study. An explanation for this high degree 
of morphological intermediacy may lie in hybridiza- 
tion and introgression between the 2 forms. Skibinski 
and Beardmore (1979) have indicated that hybridiza- 
tion and introgression occur at  certain localities and 
the degree of intergradation differs from locality to 
locality. We have observed that hybrid genotypes 
occur at frequencies of about 7 % in exposed shore 
samples and at 2 5% in those from sheltered sites. Our 
results indicate that hybridization occurs at  all exposed 
shore sites on the Atlantic coasts of Ireland and is not 
restricted to a small number of isolated localities. 
Whether the 2 forms should continue to be regarded as 
good biological species despite the evidence for such 
extensive hybridization and integradation (Skibinski 
and Beardmore, 1979) is doubtful. Indeed, when they 
are compared at  a total of 13 loci, and the extent of 
their genetic identity is computed, the value obtained 
is similar to the mean value obtained in comparisons of 
subspecies of other taxa (Skibinski et al., 1980). 
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