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Developmental stability and environmental
stress in Salmo salar (Atlantic salmon)
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We have studied the developmental stability (measured as fluctuating asymmetry of five
meristic characters) of three populations of Atlantic salmon Salmo solar (rivers Imsa, Lone and
Ogna, western Norway). All three populations were both sampled in the wild, and hatched and
reared in a common environment in a hatchery (with water from the river Imsa) from
fertilization until smoltification. Both the Imsa and Lone hatchery populations have been
sea-ranched in the Imsa for 10 years, whereas the Ogna populations is novel to the hatchery
environment. Individual biochemical heterozygosity was scored at 50 loci, of which 11 were
polymorphic. There was no correlation between biochemical heterozygosity and fluctuating
asymmetry at the individual level, neither when tested within groups nor when tested between
groups. There were no differences in fluctuating asymmetry between wild and hatchery Imsa
and Lone fish, indicating that the hatchery environment did not disrupt early developmental
homeostatic processes. However, the Ogna hatchery fish had significantly elevated levels of
fluctuating asymmetry compared to the wild Ogna fish, indicating that the hatchery environ-
ment was hostile. The Ogna hatchery fish also had significantly higher fluctuating asymmetry
than the Imsa hatchery and the Lone hatchery fish. Maladaptation to the hatchery environ-
ment is the most likely explanation for the increased asymmetry in river Ogna fish.

Keywords: developmental stability, fluctuating asymmetry, hatchery environment, heterozygo-
sity, Salmo solar, water quality.

Introduction

The morphology of an individual is produced by the
developmental process that transforms the genotype
into the phenotype. The ability of development to
produce a targeted phenotype despite potential
disturbing factors is termed developmental stability
(Leary et a!., 1992) or noise resistance (Van Valen,
1962). Fluctuating asymmetry (hereafter FA),
defined as small random departures from perfect
symmetry, is commonly used as a measure of the
developmental stability of bilaterally symmetrical
morphological traits (Clarke, 1992; Palmer & Stro-
beck, 1992). The underlying theory of FA suggests
that the presence of environmental or genetic stress
during ontogeny reduces the efficiency of normal
developmental processes, thus increasing the level of
FA (Clarke, 1992). Developmental stability seems to
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be reduced by increased homozygosity, by hybrid-
ization between nominal species, by extreme physical
conditions, and by pollution or habitat deterioration
(Leary & Allendorf, 1989; Clarke, 1992, 1995;
Palmer & Strobeck, 1992; Markow, 1995).

In fishes several studies indicate a negative corre-
lation between FA and level of heterozygosity as
estimated from enzyme electrophoretic studies (see
Leary et a!., 1992). However, there is also a number
of examples in fish where no such correlations are
found (Beacham, 1991; Ferguson & Ihssen, 1991;
Karakousis & Triantaphyllidis, 1992). Thus, there is
clearly a need for more studies on the relationship
between developmental stability and heterozygosity.
The other main factor affecting developmental
stability is environmental stress of some kind. A
large number of papers present evidence that
environmental stress increases FA (see Leary &
Allendorf, 1989). In most fish studies, the relation-
ship between heterozygosity and FA, and between
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environmental stress and FA, is based on hatchery-
reared populations (e.g. 17 of 20 populations in
Leaty et al. (1992) are hatchery-reared). Thus, the
interpretation of these relationships is made difficult
by possible confounding factors, such as the use of
artificial spawning and environmental stress imposed
on natural populations brought into captivity.

In this study we test whether the developmental
stability of meristic characters of Atlantic salmon
Salmo salar changes when three natural populations
are brought into a common hatchery environment.
We do this by measuring FA on wild juvenile Atlan-
tic salmon from three different water courses (rivers
Imsa, Lone and Ogna) in western Norway. Further,
eggs from Atlantic salmon originating in these three
rivers were hatched in a hatchery receiving water
from the Imsa, and the progeny raised there to the
smolting stage. The Imsa and Lone populations have
been sea-ranched in the Imsa for 10 years prior to
sampling of hatchery fish (there has been no mixing
of populations), whereas the Ogna hatchery strain
was formed by parental fish caught in the Ogna.
Thus, the Imsa hatchery population has had a long-
term adaptation to the water quality and a short-
term adaptation to the hatchery environment at Ims,
the Lone hatchery population has had a short-term
adaptation to both, and the Ogna hatchery popula-
tion is novel to the water quality as well as to the
hatchery environment.

Based on this we test two general hypotheses. (1)
FA is negatively correlated with heterozygosity
within and between groups of Atlantic salmon
juveniles (three localities, wild and hatchery origin).
(2) FA is positively correlated with environmental
stress within and between groups.

The first hypothesis was tested both by measuring
FA of five meristic characters and by biochemical
heterozygosity, based on enzyme electrophoretic
data, on all sampled juveniles. The second hypothe-
sis was tested by examining how FA varied between
populations in their native environment and in a
common hatchery environment. In particular, we
expected that lack of adaptation to hatchery life
should be reflected in increased FA in the Ogna
hatchery population, whereas lack of adaptation to
Imsa water quality should be seen as increased FA
in both non-native populations (Ogna and Lone). At
the individual level environmental stress is more
difficult to define. Here, we assumed that it is
inversely proportional to the individual growth rate,
which is strongly environment-dependent in fishes
(Stearns, 1992), and we tested the hypothesis that
FA is negatively correlated with growth rate within
each group of Atlantic salmon juveniles.

Materials and methods

The rivers Lone (60°31'N, 5°31'E), Ogna (58°19'N,
6°02'E) and Imsa (58°54'N, 5°58'E) are small rivers
(mean discharge 4—5 m3 s1) located in south-
western Norway. All are coastal rivers with agri-
cultural lands and a number of small lakes in the
catchment, and an oceanic climate with mild winters
and cool summers. The water chemistry is more or
less the same in the three rivers (at the locations
where young salmon were sampled). All three rivers
produce small, early maturing salmon (exclusively or
predominantly one sea-winter fish).

Wild Atlantic salmon juveniles were obtained
either by electrofishing (Ogna and Lone), or by
capture in a Wolff trap (Imsa; for description of the
trap see Vøllestad et a!. (1994)). The wild Ogna
juveniles were captured in the small tributary
Gâslandsbekken on 13 May 1992, the wild Lone
juveniles were captured on 24 October 1991. The
wild Imsa juveniles (mostly smolts) were captured in
the Wolff trap during May 1990 and May 1991. All
fish were frozen at — 80°C as soon as possible after
a capture. The wild Ogna, Imsa and Lone salmon
were in the length intervals 58—98 mm, 113—260
mm, and 80—132 mm, respectively.

Hatchery strains of the three populations were
raised at the Research Station for Freshwater Fish
at Ims, south-western Norway. In autumn 1989,
gametes were pooled from 7—50 Atlantic salmon of
each sex and locality to produce three hatchery
strains, the Imsa, Lone and Ogna hatchery strains.
The Imsa and Lone hatchery strains were produced
from sea-ranched parents which migrated in the
Imsa watercourse. A two-way fish trap on this river
prevents the mixing of wild and sea-ranched fish.
The Ogna hatchery strain was formed from wild
parents caught in the Ogna. The eggs were incu-
bated and later reared in 4 m2 outdoor tanks for one
year at ambient temperatures of the Imsa. The fish
were fed to satiation on dry pellet food. Mortality
was registered daily. Differences between the three
hatchery strains in survival rate were tested using
the Lee—Desu test statistic from the spss/pc + statis-
tical package. Juveniles of all hatchery strains were
sampled on 18 March 1991 at lengths of 61—242
mm.

The fish were measured (mm) and scales and
otoliths were collected for age determination
(Jonsson, 1976). As a measure of individual growth
rate, we used back-calculated length at the end of
the first growing season (Imsa wild juveniles), length
upon sampling (all hatchery-reared juveniles which
were sampled at the same age, Ogna wild juveniles
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which turned out to be of the same age), or the
length by age interaction in a full factorial ANCOVA
model (Lone wild juveniles).

We counted the number of pectoral and pelvic fIn
rays, the number of gill rakers at the upper and
lower part of the first gill arch (Leary et al., 1983),
and the number of mandibular pores on both the
right (R) and the left (L) side of the fish. In some
cases counts of gill rakers could not be performed
because of disruption at the gill arch. Asymmetry
was estimated as the signed difference between the
right and left side (R—L). Fluctuating asymmetry is
defined statistically in terms of the R—L distributions
being normally distributed around a mean of zero
(Van Valen, 1962). This may be an idealistic situa-
tion, and recent studies indicate that leptokurtotic
R—L distributions also may indicate FA (Jagoe &
Haines, 1985; Clarke et al., 1992; Palmer and Stro-
beck, 1992). We used the number of asymmetric
characters for each individual as our index of devel-
opmental stability. There was no correlation
between absolute asymmetry and size, therefore it
was not necessary to standardize asymmetry values
by correcting for size differences. We tested for the
presence of antisymmetry and directional symmetry
(Van Valen, 1962) by visual inspection of the R—L
distribution, by testing for mean =0, and by testing
for skewness and kurtosis.

Tissue samples of skeletal muscle, liver and eye
were stored at —80°C until required for biochemical
analysis. Horizontal starch gel electrophoresis was
performed as described by Aebersold et al. (1987).
The buffer systems used, the proteins examined, and
the genetic interpretations of the electrophoretic
banding patterns followed Stahl (1987), with addi-
tional systems being described by Jordan et a!.
(1992) and Wilson et a!. (1995). The designation of
loci, alleles and genotypes is according to Shaklee et
a!. (1990). Variant alleles are designated according
to their electrophoretic mobility relative to the
common (*100) allele.

Genetic variation was found at the following 11
loci, with the observed variant alleles added to the
locus designation: aspartate aminotransferase
AAT-4*25, *50, fructose-b iphosphate aldolase
FBALD3*95, N-acetyl-/3-glucosamiflidaSe /3GLUJ4
*130, glucose-6-phosphate isomerase GPI1,2*185,
L-iditol (sorbitol) dehydrogenase IDDH-1 *20,
IDDH2*80, L-lactate dehydrogenase LDH4*60,
malate dehydrogenase MDH3,4*75, *80, malic
enzyme MEP2* 125, and triosephosphate isomerase
TPI1*150, TPI3*95, *105. Variation at the dupli-
cate MDH3,4* and GPI1,2* loci was arbitrarily
assigned to MDH3* and GPI1*, respectively. Van-
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ation at the duplicate IDDH1,2* was possible to
assign to one locus or the other because of slight
differences in mobility between the two loci; the
more anodally migrating locus was IDDH2*. Allele
frequencies were estimated by direct allele counts. A
total of 39 additional loci were monomorphic in all
populations. A fuller account of the genetic analyses
will be presented elsewhere (Hindar et al., in
preparation).

Results

Asymmetry
All meristic R—L values exhibited asymmetry, with
means not significantly different from zero (i.e. no
directional symmetry is present). Twenty-four of the
total of 30 R—L distributions were leptokurtic,
whereas the rest were slightly but not significantly
platykurtic (P>0.05). Thus no antisymmetry is
present and all R—L distributions show fluctuating
asymmetry.

The level of asymmetry for the different meristic
characters (measured as the absolute value of the
R—L value of each character) varied both within
populations (among origin groups; wild vs. hatchery)
and among populations (Table 1). The absolute
asymmetry values are not normally distributed, and
we tested for differences using the Wilcoxon
one-way analysis of variance by ranks using the
Bonferroni adjustment of significance levels. The
asymmetry values for any of the meristic characters
for the Imsa fish of wild or hatchery origin did not
differ (P>0.05). The wild Lone juveniles had signifi-
cantly lower pectoral fin asymmetry values than the
hatchery juveniles (Z = 2.65, N 77, P <0.05),
whereas there were no differences for the other
meristic characters (P>>0.05). The wild Ogna
juveniles had significantly lower absolute asymmetry
values than the hatchery Ogna fish for the lower gill
rakers (Z = 3.32, N = 43, P <0.05), whereas there
were no such differences for the other meristic
characters (P >> 0.05).

There were significant differences in mean
number of asymmetric characters per individual
among groups (Table 1; Krustal—Wallis test;

= 44.8, P<0.001). We used the post-hoc Tukey—
Kramer Honestly Significant Difference test
(c = 0.05) to evaluate which group means were signi-
ficantly different. The Ogna hatchery population had
a significantly higher mean number of asymmetric
characters than all other populations, whereas the
Ogna wild population had a significantly lower mean
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Table 1 Variation in fluctuating asymmetry for each meristic character in wild and hatchery Atlantic salmon from Imsa,
Lone and Ogna

Characters Imsa wild Imsa hatchery Ogna wild Ogna hatchery Lone wild Lone hatchery

Pectoral fins 0.27 (0.55) 0.36 (0.48) 0.20 (0.50) 0.22 (0.46) 0.08 (0.28) 0.38 (0.61)
Pelvic fins 0.06 (0.24) 0.12 (0.33) 0.04 (0.20) 0.02 (0.15) 0.02 (0.14) 0

Upper gill rakers 0.55 (0.61) 0.40 (0.61) 0.25 (0.44) 0.33 (0.55) 0.39 (0.49) 0.29 (0.52)
Lower gill rakers 0.48 (0.58) 0.76 (0.92) 0.08 (0.41) 0.61 (0.70) 0.48 (0.55) 0.48 (0.50)
Mandibular pores 0.42 (0.65) 0.28 (0.45) 0.08 (0.28) 0.33 (0.52) 0.37 (0.49) 0.36 (0.49)
No. asymmetric characters 1.64 (0,92) 1.66 (117) 0.58 (0.58) 2.18 (1.05) 1.32 (0.99) 1.41 (0.92)

Asymmetry is measured as the absolute value of the right minus left value of pectoral and pelvic fins, upper and lower
gilirakers and mandibular pores (±SD).
Mean number of asymmetric characters per individual and locality is also given.

Table 2 Expected and observed heterozygosities of Atlantic salmon (Salmo salar) from three wild and three hatchery
populations in south-western Norway

Locus

Imsa

Hexp

wild

t1obs

Imsa h

Hexp

atchery

H0b8

Ogna

'1xp

wild

"obs

Ogna

Hexp

hatchery

"obs

Lone

Hexp

wild

"obs

Lone ha

Hexp

tchery

"obs

4,474* 0.11 0.12 0.17 0.19 0.32 0.40 0.12 0.13 0.09 0.07 No data
FBALD3* 0.06 0.06 0.10 0.10 0 0 0.06 0.06 0.23 0.26 No data
J3GLUA* 0 0 0 0 0 0 0 0 0.02 0.02 0 0
GPI1,2* 0,02 0.02 0 0 0 0 0 0 0 0 0 0
IDDH1* 0.04 0.04 0.11 0.12 0.05 0.05 0 0 0.04 0.04 0 0
IDDH2* 0.50 0.41 0.50 0.50 0.49 0.25 0.50 0.82*** 0.41 0.46 0.49 0.62
LDH4* 0 0 0 0 0.08 0.08 0 0 0 0 0 0
MDH3,4* 0.01 0.01 0 0 0 0 0 0 0.04 0.04 0.29 0.35
MEP2* 0.39 0.33 0.49 0.49 0.49 Q33* 0.50 0.76*** 0.47 0.54 0.50 0.50
TPI1* 0.08 0.08 0.08 0.08 0 0 0.37 0.49* 0 0 0 0
TPI3* 0.27 0.28 0.04 0.04 0.30 0.38 0.49 0.71** 0.39 0.35 0.48 0.41

Average 0.134 0.124 0.136 0.138 0.157 0.136 0.184 0.269 0.154 3 163 0.195t 0.209t

Asterisks in the first column are part of the locus designation.
*<fJ•5, P<0.01, ''P<0.001 in tests of deviation from Hardy—Weinberg proportions.
tAverage based on nine loci (excluding AAT4* and FBALD3*).

number of asymmetric characters than all other
populations except the Lone hatchery population.

1-leterozygosity and asymmetry

Average heterozygosities at the eleven variable loci
ranged between 0.134 and 0.184 based on expected
values (which assume Hardy—Weinberg propor-
tions), and between 0.124 and 0.269 based on
observed values (Table 2). In both cases, the
extreme values were found in the Imsa wild (low
heterozygosity) and Ogna hatchery (high heterozy-
gosity) populations (the figures for the Lone
hatchery populations, Hexp = 0.195 and H0b, = 0.209,
refer to nine loci, and are lower than the corres-
ponding figures for the Ogna hatchery population).

This apparent difference in average heterozygosity
between groups is not significant (ANOVA on arcsine-
square root transformed expected heterozygosities,
F5,292 = 0.025, P>.0.9).

Within populations, there was no correlation
between the number of heterozygous loci and
number of asymmetric characters per individual for
the five meristic characters (Spearman's rank corre-
lation; all correlations gave P.0.05; Table 3). Four
out of six correlations were positive (not significant),
whereas the hypothesis tested was that the correla-
tions should be negative. The Imsa wild and the
Ogna hatchery populations showed negative correla-
tions between FA and heterozygosity as expected,
but with very low correlation coefficients. We tested
for power and estimated the least significant number
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Table 3 Number of heterozygous loci and number of asymmetric characters in
wild and hatchery salmon from the rivers Imsa, Lone and Ogna

Number of heterozygous

Location Asymm. char.

loci

1 2 3 4 5

Imsawild 0
1
2
3

0
4
3
2

7
12
13
6

3 2 0
12 3 1
12 9 2
7 4 0

r= -0.026
P=0.79

Imsa hatchery 0
1
2

3
4
5

2
3
1
0
0
0

1

3
4
4
0
0

5 0 0
4 6 0
2 6 2
3 1 0
2 0 0
1 0 0

r=0.125
P=0.39

Ognawild 0
1
2

3
2
1

4
6
1

3 1 0
4 1 0
0 0 0

r=0.007
P—0.97

Ogna hatchery 0
1

2
3
4

0
1
0
0
0

0
1
3
1
1

1 1 0
2 7 0
8 7 3
5 4 0
2 4 0

r=—0.100
P=0.48

Lonewild 0
1

2
3
4

0
0
3
4
0

0
2
5
7
1

0 0 0
8 2 0
5 1 0
4 2 0
1 1 0

r—0.089
P=0.47

Lone hatchery 0
1

2
3
4

0
0
0
0
0

0
2
1
1
0

0 0 0
6 0 0
7 5 0
4 4 0
1 0 0

r=0.284
P=0.12

The Spearman rank correlations (r) with associated P-values are given.

(LSN) of observations necessary to get P = 0.05. For
the Imsa wild population power was 0.058 and
LSD>5000, for the Ogna hatchery population
power was 0.107 and LSN was 391. We can there-
fore confidently reject the hypothesis that there is a
significant negative correlation between FA and
heterozygosity in our samples. Among populations,
average expected heterozygosity showed no signi-
ficant association with the mean number of asym-
metric characters (Spearman's r = 0.03, N = 6,
P> 0.05).

Environmentalstress and asymmetry

We did not find any association between individual
growth rate and asymmetry level within any of the
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six groups of Atlantic salmon juveniles (correlation
analysis; P0.05 in all tests). Between groups, the
faster growth rate experienced in the hatchery was
not reflected in less asymmetric fish. On the
contrary, the only significant change (Ogna wild vs.
Ogna hatchery) was in the opposite direction of that
expected from considerations of individual growth
rate alone.

Survival rate in the hatchery was highest in the
Imsa fish and lowest in the Ogna. Between 20
February and 8 October 1990, when most of the
mortality occurred, the cumulative survival of the
three groups was (mean±SE (per cent)): Imsa
73.6±0.2; Lone 63.2±0.2; Ogna 43.4±0.8. These
survival patterns are significantly different( = 3464.8, P<0.001).



220 L. A. VØLLESTAD & K. HINDAR

Discussion

Heterozygosity, as estimated by enzyme electro-
phoresis, is not correlated with developmental stabil-
ity within the six groups of Atlantic salmon studied
here. This is remarkable in light of the previous
studies of salmonids, which have indicated that the
fluctuating asymmetry of meristic characters
increases with decreasing heterozygosity (Leaty et
al., 1983, 1984, 1985, 1992; Blanco et a!., 1990).
Upon closer inspection, however, this relationship is
not very strong. Leary et a!. (1992) present data
from 20 populations of rainbow trout, and in only
four of these populations did they find significant
negative correlations between heterozygosity and
FA. Further, most studies on fish and other animals
indicate that the correlation between heterozygosity
and FA if present, is very weak (only about 5 per
cent of the variation in FA can be explained by the
measured variation in heterozygosity) (Gillespie,
1991; Leary et a!., 1992; Clarke, 1993; Mitton, 1993).

Most of the few significant correlations found
within salmonid populations result from observa-
tions in hatchery populations. Leary et a!. (1992)
showed significant correlations between heterozygo-
sity and FA in four out of 17 hatchery populations
and in none of the three natural populations
studied. Moreover, Blanco et a!. (1990) found a
negative correlation in two out of two hatchery
populations and in one out of two natural popula-
tions. The published evidence for a negative rela-
tionship between heterozygosity and FA within
salmonid populations is therefore almost exclusively
related to hatchery-reared populations.

Our results show that the hatchery environment
may have a strong influence on levels of PA. The
Ogna salmon raised in the hatchery had a signifi-
cantly higher level of FA than the salmon which had
lived their entire life in the Ogna. In contrast, wild
and hatchery fish of Imsa and Lone origin had the
same level of FA. We suggest that this marked
difference between one population which was novel
to the hatchery environment, and two populations
which had been sea-ranched there for 10 years, is
caused by maladaptation of River Ogna fish to the
hatchery.

The higher mortality of the Ogna hatchery fish
compared with the Imsa and Lone hatchery fish
supports the idea that the former are maladapted
when raised in the hatchery at Jms. Lack of adapta-
tion to the captive environment, rather than lack of
adaptation to Imsa water, seems to be the cause for
higher mortality. The Imsa and Lone populations
have been sea-ranched in the Imsa for 10 years

(approx. three generations). This time period seems
sufficient for at least adaptation to the captive
environment. Fleming & Gross (1992) documented
clear differences in the reproductive potential of
hatchery relative to wild coho salmon Oncorhynchus
kisutch during competition after four generations of
sea-ranching, and concluded that the difference was
caused by genetic adaptation to the captive environ-
ment. Similarly, intense natural selection in popula-
tions brought into captivity has been suggested as a
cause for rapid loss of genetic variation in experi-
mental Drosophila populations (Briscoe et a!., 1992).
In concordance with this explanation, two other
salmon populations, which were taken into the Ims
hatchery at the same time as the Ogna fish, showed
significantly lower survival during the first year of
life than the Imsa fish (unpublished results). At
present, however, we do not know whether they
were also more asymmetric.

Water quality differences cannot explain the varia-
tion in FA between populations. The three rivers
studied here are similar in physical and chemical
characteristics, and we find it unlikely that water
quality differences may induce significantly increased
asymmetry when Ogna fish are raised in Imsa water.
If anything, Imsa water quality is more benign than
Ogna and Lone water. Rearing density, another
environmental factor with a suggested effect on
asymmetry (Leary et a!., 1991), cannot provide an
explanation for increased asymmetry in Ogna
hatchery fish because they experienced a lower
rearing density than the Imsa and Lone hatchery
fish, and thus should be less asymmetric from the
latter from this cause alone. Again, the opposite was
observed.

Significant deviation of the Ogna hatchery fish
from Hardy—Weinberg equilibrium at four out of six
variable loci indicates that our hatchery sample may
not be a good representation of river Ogna fish. All
deviations resulted from an excess of heterozygotes,
which can be explained by either (1) genetic differ-
ences between the sexes of the broodstock used, or
(2) heterozygote advantage of the offspring in the
hatchery. Genetic differences between the sexes can
only explain excesses of heterozygotes of the magni-
tudes reported here if the allele frequency differ-
ences between the sexes were 0.5 or larger at each
of the four loci (Hedrick, 1983, pp. 48—50). One way
this could be related to increased FA is if males and
females were sampled from genetically divergent
populations. In that case, our observation would
support the notion that lack of genomic coadapta-
tion may be a cause of high FA (Clarke, 1993).

We find it unlikely, however, that two divergent
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populations were crossed to form the Ogna hatchery
population. Allele frequency differences of 0.5 or
more between Atlantic salmon populations are not
known from Norway (Stahl & Hindar, 1988; Hindar,
unpublished), except at the MEP2* locus where
there is extensive dma! variation and where the
common (100*) allele seems to be favoured in
farmed fish. Escaped farmed salmon have been
observed among spawners sampled in the River
Ogna (Moen & Gausen, 1989), but it is unlikely that
they were picked as broodstock, because their
phenotype differs from wild fish (Fleming et al.,
1994), and because no farmed contribution is appar-
ent from a comparison of MEP2* allele frequencies
in wild and hatchery Ogna fish (Fisher's exact test;
P = 0.72). A more likely explanation is that only a
few river Ogna fish contributed effectively to the
hatchery population, and that this number was
considerably smaller than the 7—12 individuals of
each sex which were picked as broodstock.

Heterozygote advantage in the hatchery is another
explanation for the observed excess of heterozygotes
in Ogna hatchery fish. Most inheritance studies of
allozymes in Atlantic salmon however, have, not
found signs of differential viability of the various
genotypes (Crozier & Moffett, 1990).

We conclude that the hypothesized correlation
between level of heterozygosity and FA is not met in
this comparative analysis. Increased asymmetry of
only one of the transplanted populations seems to
be caused by maladaptation to the captive environ-
ment, rather than by varying levels of heterozygosity,
water quality, temperature or density.
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