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A large number of farmed Atlantic salmon escape from sea cages and hatcheries annually.
Selection programmes and domestication have changed the genetic composition of farmed
salmon to improve their performance in the culture environment, which apparently occurs
at the cost of their fitness in the natural environment. Therefore, gene flow from
farmed salmon to wild salmon populations may have altered the genetic composition of
wild salmon populations. To investigate the temporal genetic stability in seven wild
Norwegian salmon populations, genetic profiles were produced from historical and contem-
porary scale samples. Historical and contemporary samples of salmon from the Namsen,
Etne, Opo, Vosso, Granvin, Eio, and Ha Rivers were genotyped at the following eight
microsatellite loci: Ssal3.37, Ssa28, SsOSL85, Ssal97, Ssa20.19, SsaF43, Ssa202, and
Ssa85. A significant change in genetic profiles was observed over time in the Opo, Vosso,
and Eio Rivers, but no changes in genetic profiles were observed in the Namsen, Etne,
Granvin, and Ha Rivers. A small reduction in Fgr values and genetic distances among pop-
ulations was observed in the contemporary samples compared with the historical samples,
indicating a eduction in population differentiation over time.
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Introduction

Every year, farmed Atlantic salmon (Salmo salar L.) escape
from sea cages and hatcheries in large numbers. In Norway
alone, the average annual number of reported escaped
farmed salmon in the period 1999—2003 was 333 000 fish
(Anon., 2004), and in 2004 and 2005 it increased to
437000 and 715000 salmon, respectively (the Norwegian
Directorate of Fisheries). According to the fisheries and
aquaculture management authorities, however, the relation-
ship between reported and unreported escapes is uncertain,
but it is likely that the total number of escaped farmed
salmon is higher than reported (Anon., 2004). At the na-
tional level, the average proportion of escaped farmed
salmon in wild spawning populations varied between 11%
and 35% from 1989 to 2003, with significant variation
among years and among regions and rivers.

In some rivers, such as the Etne, located in the Hardan-
gerfjord region, a major salmon farming region, the propor-
tion of escaped farmed salmon in the spawning population

has exceeded 50% in most years since the surveys began in
1989. In contrast, the proportion of farmed salmon has been
very low in the Ha River, located in the area of Jeren,
which has very little salmon farming activity. In rivers
with large proportions of farmed salmon, the genetic com-
position of the wild populations may be altered by gene
flow (e.g. Crozier, 1993, 1998; Clifford er al., 1998a).
Farmed salmon differ genetically from wild salmon both
in genetic marker loci and in fitness-related traits. A num-
ber of studies conducted since the late 1980s have demon-
strated reduced levels of genetic variability in farmed
salmon, measured both at protein coding loci (Verspoor,
1988; Youngson et al., 1991; Mjelnered et al., 1997; Skaala
et al., 2005) and at variable number of tandem repeats
(VNTR) loci (Clifford et al., 1998a, b; Norris et al.,
1999; Skaala et al., 2004).

Selection programmes for farmed salmon have targeted
a number of phenotypic traits such as growth rate, body
size, late maturation, disease resistance, and flesh quality.
It is not surprising, therefore, that several studies have
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also documented differences between farmed and wild
salmon in phenotypic traits such as growth rate and behav-
iour (Einum and Fleming, 1997; Johnsson et al., 2001;
Fleming et al., 2002). Furthermore, growth is faster, but
survival is less, for farmed salmon in natural environments
compared with that of wild salmon. Two recent experimen-
tal field studies found significantly reduced fitness and sig-
nificantly lower productivity in farmed than in wild salmon.
It was concluded that gene flow from farmed to wild
salmon populations will reduce the productivity and fitness
of wild salmon populations significantly (McGinnity et al.,
1997; Fleming et al., 2000; McGinnity et al., 2003). The
occurrence of large proportions of escaped farmed salmon
in wild salmon populations has therefore raised concerns
about gene flow from farmed to wild salmon.

Until recently, genetic profiles of populations had to be
developed from fresh tissue material. However, the devel-
opment of molecular methods and polymerase chain reac-
tion (PCR) techniques, in particular, has provided new

opportunities for genetic studies based on archival material
such as scale collections (Nielsen ef al., 1999). For most
salmon populations, good genetic baseline data do not exist,
but where archival scale samples are available, they can be
reconstructed.

The aim of the present study was to investigate temporal
genetic stability in Norwegian salmon populations sub-
jected to high and low levels of immigration of farmed
salmon by comparing genetic profiles developed from his-
torical and contemporary scale samples.

Material and methods
Collection of samples

In all, 17 samples comprising 1066 individuals were geno-
typed from the salmon populations in the Vosso, Etne, Opo,
Granvin, Eio, Namsen, and Ha Rivers (Figure 1, Table 1).
The Namsen River supports one of the largest salmon
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Figure 1. Map of southern Norway showing the locations of the seven populations of Atlantic salmon studied.
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Table 1. Sample size, life stage of sampled fish, observed percentage of escaped farmed salmon in the rivers, and an indication of pop-
ulation status for the seven salmon populations studied. Information on population status was collected from Skurdal ez al. (2001), official
Norwegian statistics, and Mr Atle Kambestad, County Governor’s Office for Hordaland.

Percentage of

Sample Sample size Life stage farmed salmon Population status
Vosso 1980 50 Spawners Historical river catches >3 000 kg
Vosso 1995—1997 48 Spawners 19—-75 Reduced to <100 kg
Vosso 2003 84 Smolt Salmon angling banned in 1991
Etne 1983 92 Spawners Historical river catches >2 000 kg
Etne 1997—1998 81 Parr 31-79 Current catches about 2000 kg
Opo 1971-1973 88 Spawners Historical river catches >1000 kg
Opo 2000 56 Parr 18—100 Reduced to <100 kg

Salmon angling banned in 1998
Namsen 1977 92 Spawners Historical river catches >25000 kg
Namsen 1998 71 Parr 10—59 Current catches 22 000—40 000 kg
Namsen 2000 71 Spawners
Granvin 1990—1996 28 Spawners Historical river catches <500 kg
Granvin 2000—2001 67 Parr >50 Reduced to ~50 kg

Salmon angling banned in 2000
Ha 1986—1990 21 Parr Historical river catches >3 000 kg
Ha 1996—1997 39 Parr ~5 Current catches 3 000—5 500 kg
Ha 1999—2000 91 Parr
Eio 1987—1995 35 Spawners Historical river catches >3 000 kg
Eio 2001 52 Parr 0—67 Reduced to <300 kg

Salmon angling banned in 2000
Total 1066

populations in Norway. The Etne and Ha Rivers are also
large, but are smaller than the Namsen. Large numbers of
escaped farmed salmon have been reported in the Namsen
River, while in the Etne, the proportion of farmed salmon
has exceeded that of wild salmon for 15 years. There is lit-
tle salmon farming in the Jaeren area, and rivers there, such
as the Ha, have very few escaped farmed salmon. Both the
Opo and Granvin Rivers have small salmon populations
and have experienced large proportions of farmed salmon
over many years. Historically, the Vosso and the Eio Rivers
supported large salmon populations, but both rivers have
experienced severe population declines since about 1990.

Microsatellite analysis

DNA was extracted from dried scales; three or four scales
were used for adult salmon and between 20 and 30 scales
for parr. DNA was extracted from scales using the Qiagen
DNeasy kit, following the procedure recommended by the
manufacturer. Eight microsatellite loci were amplified:
Ssa28 (B. Heyheim, unpublished data), Ssal3.37, SsaF43,
Ssa20.19 (Sanchez et al., 1996, 2000), Ssa85, Ssal97,
Ssa202 (O’Reilly et al., 1996), and SsOSL85 (Slettan
et al., 1995). PCRs were performed in 96-well plates with
a total reaction volume of 12 pul on an Applied Biosystems
GeneAmp 9700 thermal cycler. Each reaction consisted of
50ng genomic DNA, 1.5mM MgCl, (2.5mM for

SsOSL85, Ssal71, and SsOSL438), 0.2 pl of forward and re-
verse primers (Applied Biosystems, fluorescently labelled),
0.2 mM dNTPs, and 0.5 U Taq polymerase (Promega). The
following programme was used for PCR: initial denatur-
ation at 94°C for 5 min, 30 (35 for Ssal97 and SsOSL85)
cycles of 94°C for 50's, 40 s at locus-specific annealing
temperature, 50 s at 72°C, followed by a final extension
at 72°C for 10 min. The annealing temperatures used for
the different loci were as follows: 55°C: SsOSL85, Ssa835,
and Ssa202; 56°C: Ssal3.37, Ssa28, and Ssal97; 60°C:
Ssa20.19 and SsaF43. The PCR products were diluted to be-
tween 1:20 and 1:50 with deionized water and, to each well
in Applied Biosystems Optical Well 96-well trays, 2 pl
diluted product was added to 8 pul formamide and 0.1 pl
Genescan™ Liz-500 size standard. Three to four different
PCR products were combined and run on an Applied Bio-
systems ABI 3100 Genetic Analyzer. Alleles were scored
using the program Genotyper Analysis Software version
3.7, with manual control of the automatically scored peaks.

Statistical analysis

Allele frequencies, Fst values and exact tests of population
difference between population pairs, tests for linkage dis-
equilibrium, and deviations from Hardy—Weinberg equilib-
rium were calculated in the program Genepop 3.4 (Raymond
and Rousset, 1995). Nei’s (1978) genetic distance and
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heterozygosities were computed in TFPGA (Miller, 1999).
This program was also used to compute the dendrogram
and the percentage of bootstraps supporting the nodes based
on Nei’s (1978) genetic distance. Allelic richness was calcu-
lated in FSTAT 2.9.3.2 (Goudet, 2001).

Assignment tests were conducted in the program Bayes
(Pella and Masuda, 2001). Classical assignment tests (Paet-
kau et al., 1995; Cornuet et al., 1999) perform well when
samples are sufficiently differentiated, although Bayesian es-
timation methods give better results than classical assign-
ment methods in situations where genetic differentiation
between samples is low (Koljonen ez al., 2005). For compar-
ison, tests were also performed with GeneClass 2 (Piry et al.,
2004), using the Bayesian method of Rannala and Mountain
(1997) implemented in the program.

The assignment power of the loci was evaluated with the
program Whichloci (Banks et al., 2003). This program uses
successive assignment trials from one locus at a time, on
a test data set generated by random sampling of the alleles
according to their frequency in the populations in the given
data set, to generate a ranking of the loci’s efficiency for
correct population assignment. In the present study, the
population size parameter for the randomly generated pop-
ulations was set to 500.

Assignment tests were performed, first, on the entire
material, which included individuals from all 17 samples;
second, only on the oldest samples from each river; third,
only on the most recent samples from each river.

Results
Allelic variability and heterozygosity

In all, 1066 fish were screened at eight microsatellite loci
(Table 2). Overall scoring was high (95%—97%) for all
markers, with lowest values for Ssa202 in the 2000 Opo
River sample (86%) and Ssa85 in the 2000 Namsen River
sample (89%). For some samples more than 30 years old,
reruns and more PCR cycles were necessary to achieve
a satisfactory scoring percentage for some of the loci. For
some individuals, accurate scoring could not be achieved
at all eight loci. Where lower scores were obtained at
markers with long alleles, no consistent trend could be
seen in the total material.

Sample sizes varied from 21 to 92 individuals. The num-
ber of alleles at the different loci ranged from 2 (Ssal3.37)
to 27 (Ssal97) across populations. The number of alleles
observed for a given loci varied greatly among the samples.
For example at the Ssal97 locus, the number of alleles ob-
served in a sample varied from 13 in the 1986—1990 Ha
River sample to 24 in two of the Namsen River samples.
This variation in number of alleles between samples is
also reflected in the values for allelic richness across loci.
The highest values for allelic richness were observed in
the 1977 and 1998 Namsen River samples, while the lowest
observed values were found in the 1971—1973 Opo River and
the 1980 Vosso River samples. Observed heterozygosity
across loci for the samples varied between 0.63 and 0.71.

Table 2. Number of salmon per sample, number of alleles at each microsatellite locus, allelic richness, and observed heterozygosity (H,) in

the sampled populations.

Allele Allelic
Locus summary richness
Sample n  Ssa202 Ssal97 Ssa20.19 SsaF43 Ssal3.37 Ssa28 SsOSL85 Ssa85 Total Mean Total Mean Hg
Vosso 1980 50 7 17 3 6 2 3 9 13 60 7.5 49.7 6.2 0.68
Vosso 1995—1997 48 10 20 3 6 2 4 10 14 69 8.6 574 72 0.68
Vosso 2003 84 12 17 3 6 2 3 11 13 67 84 528 6.6 0.71
Etne 1983 92 11 22 4 7 2 4 10 16 76 9.5 580 7.3 0.68
Etne 1997—1998 81 12 21 3 7 2 4 12 17 78 9.8 585 7.3 0.69
Opo 1971—-1973 88 8 19 5 5 2 4 11 12 66 83 498 6.2 0.63
Opo 2000 56 9 17 4 5 2 4 11 12 64 80 543 6.8 0.66
Namsen 1977 92 12 24 5 8 2 4 12 16 83 104 621 7.8 0.69
Namsen 1998 71 12 23 5 6 2 4 12 17 81 10.1 622 7.8 0.69
Namsen 2000 71 11 24 5 7 2 4 11 16 80 10.0 59.8 7.5 0.66
Granvin 1990—96 28 10 14 4 5 2 4 9 13 61 7.6 557 7.0 0.69
Granvin 2000—2001 67 10 17 5 7 2 5 11 11 68 8.5 535 6.7 0.68
Ha 1986—1990 21 8 13 4 7 2 3 9 12 58 73 576 7.2 0.65
Ha 1996—1997 39 9 16 5 7 2 4 13 13 69 8.6 60.7 7.6 0.70
Ha 1999—-2000 91 12 19 4 7 2 3 15 17 79 9.9 593 7.4 0.66
Eio 1987—1995 35 9 19 5 5 2 4 10 13 67 84 589 74 0.64
Eio 2001 52 12 14 5 6 2 4 10 14 67 84 56.5 7.1 0.66
Total 1066 16 27 7 8 2 6 21 19 106 13.3 595 7.4 0.68
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The lowest values were found in the 1971—1973 Opo River
sample and the 1987—1995 Eio River samples, while the
highest value was found in the 2003 Vosso River sample.

Tests of Hardy—Weinberg equilibrium
and genotypic disequilibrium

Considering the different loci in different samples, the null
hypothesis of Hardy—Weinberg equilibrium could only be
rejected in four of 136 tests after sequential Bonferroni cor-
rection for multiple tests. These four deviations were in
four different samples and at four different loci (Ssad3,
Ssa202, Ssal97, and SsOLSS5). Consequently, no consis-
tent trend in deviations was observed.

Four of 28 tests of linkage disequilibrium between locus
pairs across populations were significant after sequential
Bonferroni correction for multiple tests. These were
Ssa202 and Ssal97, Ssal97 and SsOSL85, Ssa85 and
Ssa202, and Ssal97 and Ssa85. However, because there is
no indication that these loci are genetically linked (Gilbey
et al., 2004), it is unlikely that this has affected the outcome
of the analyses. Within samples, only the 2000 Opo River
sample had more than one instance of significant linkage
disequilibrium, with significant p-values found at the locus
pairs Ssal97 and Ssa85, Ssa202 and Ssa85, Ssal97 and
SsOSL85, and Ssal97 and Ssa28.

Temporal and spatial patterns of genetic
differentiation

None of the temporal intrariver comparisons in the Nam-
sen, Etne, Ha, and Granvin Rivers were significantly differ-
ent. However, significant temporal changes were found in
the Opo, Vosso, and Eio Rivers.

The closest sample pairs according to Fsr and D were
from the 1983 and 1997—1998 Etne River samples and the
1996—1997 and 1999—2000 Ha River samples, with Fst es-
timates 0f0.0002 and 0.0003, respectively (Table 3). Further-
more, very small differences were found between the
1996—1997 Ha River sample and the two Etne River sam-
ples. The highest values were found in comparisons between
the 1980 Vosso River sample and samples from the Ha, Eio,
and Namsen Rivers, with values ranging from 0.038 to 0.057.

To investigate potential temporal changes in interpopula-
tion variability, overall Fgr values were compared among the
oldest and most recent samples from the Ha, Vosso, and
Namsen Rivers, excluding the “middle” samples. There
was a modest reduction in both estimates for population dif-
ferentiation over time. D, declined from 0.0389 in the oldest
samples to 0.0343 in recent samples, while Fst declined from
0.0183 in the oldest samples to 0.0152 in recent samples.

The UPMGA dendrogram (Figure 2) shows that close
clusters are formed by the three samples from the Namsen
River, the two samples from the Etne River, the two oldest
samples from the Vosso River, and the 1996—1997 and
1999—2000 Ha River samples. Other samples, e.g. the

Table 3. Pairwise genetic distances (Nei, 1978) in the upper diagonal and Fsr values in the lower diagonal, calculated from eight microsatellite loci. Non-significant differences between

samples are indicated by * in the lower diagonal.
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Figure 2. UPMGA dendrogram which shows one cluster for the Namsen River (NA), one for the Etne River (ET), and one for two samples
from the Ha River (HA). The two oldest samples from the Vosso River (VO) also cluster together, while other samples are scattered
around in the tree. Numbers at nodes show the proportion of similar replicates from 1000 permutations.

2003 Vosso River sample and the samples from the Opo,
Granvin, and Eio Rivers, are scattered around the dendro-
gram and do not cluster with samples from the same river.

The exact tests of genetic differentiation, using loci com-
bined, showed significant differences between most sample
pairs. Of 136 pairwise tests, 110 resulted in significant
p-values after sequential Bonferroni correction, while 26

tests gave non-significant p-values (Table 3).

Assignment

The overall assignment success, including all 17 samples,
was 41% when using the Bayes program. The test

80

conducted in GeneClass resulted in an overall assignment
of 24%. The highest correct assignment was observed for
parr from Granvin River, spawners from the 1971—1973
Opo River and 1980 Vosso River samples. For the smallest
sample, 1990—1996 Granvin River, all individuals were as-
signed to other samples. As expected, where individuals
were not assigned to the originating sample, they were

most frequently assigned to one of the other samples
from the same river. Separate assignment tests, including
only the oldest and the most recent samples from each river,

70
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40
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20

10

0.
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©

were also conducted (Figure 3). More accurate assignment
was achieved by using these subsets of the samples, with

Figure 3. Percentage correct assignment in historical and in contemporary samples of Atlantic salmon (ET, Etne River; GR, Granvin
River; HA, Ha River; OP, Opo River; VO, Vosso River; EI, Eio River).
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60% and 58% correct assignment, respectively. The per-
centage of correct assignment in the oldest samples was
higher for all rivers except the Eio and Granvin, which
had very low values in these case. The reduction in assign-
ment success between historical and contemporary samples
for the other rivers was 10.2% on average, with the largest
reduction (12.5%) observed in the Vosso River.

The analysis of the performance of the different loci con-
ducted with Whichloci showed that the more variable loci
contributed most to correct assignment. The two most vari-
able loci, Ssal97 and Ssa85, were also the most informative
loci in the classical assignment test performed in Whichrun,
while the di-allelic locus Ssal3.37 was the least informa-
tive. The ranking and relative scores of the loci are given
in Table 4.

Discussion

Significant genetic differences between the oldest and most
recent samples were observed for three of the seven Atlan-
tic salmon populations investigated (Opo, Vosso, and Eio).
In the remaining four populations (Namsen, Etne, Ha, and
Granvin) no significant differences were observed between
the oldest and most recent samples. Except for the Ha
River, which is located in an area with little salmon farm-
ing, the other rivers, particularly the Etne, Opo, and Eio,
are located in regions with large concentrations of salmon
farms. Farmed salmon have been recorded in large propor-
tions in all the studied populations except for the Ha River.
Consequently, changes observed in allelic frequencies be-
tween the oldest and the most recent samples in three
of the populations may either have been caused by
gene flow from immigrating farmed salmon or, alterna-
tively, by genetic drift where the populations are small.

Except for the Granvin, all seven rivers had spawning
populations with several hundred spawners or more, but
adult numbers in the Vosso, Opo, and Eio declined sharply
around 1990. The temporal samples show stable levels of
allelic variability and observed heterozygosity, and no
evidence of reduced variability that could cause temporal
instability through genetic drift. Furthermore, in the Opo
River, four instances of linkage disequilibrium were

Table 4. Ranking of loci in assignment with relative score (%).

Rank Locus % Relative score
1 Ssal97 35.8189
2 Ssa85 20.3728
3 Ssa20.19 13.3156
4 SsOSL85 13.3156
5 Ssa202 10.5193
6 SsaF43 6.1252
7 Ssa28 0.5326
8 Ssal3.37 0.0000

@. Skaala et al.

detected. Departures from gametic equilibrium can be
caused by natural selection, physical linkage, genetic drift,
and population subdivision (Waples and Smouse, 1990).
The test proposed by Waples and Smouse (1990) was de-
veloped for detecting mixtures of populations, but gametic
disequilibria may also be detected in F1 progeny from such
a mixture (Crozier, 1993). Therefore, the most likely expla-
nation for the observed changes in the Opo, Vosso, and Eio
Rivers is gene flow from the many farmed salmon in these
rivers. The observed instances of gametic disequilibria
found in the parr sample in the Opo River in 2000 support
this conclusion.

The eight microsatellite loci screened in the present study
detected 106 alleles. This is somewhat lower than the 261
alleles detected by 12 microsatellite loci in a previous study
on Norwegian salmon (Skaala et al., 2004). It is also slightly
lower than the number observed in European salmon popu-
lations (King et al., 2001; Sélsd et al., 2005; Tonteri et al.,
2005). However, the panel of microsatellites in the present
study includes several low and moderately variable markers.
The largest number of alleles was found in the Namsen
River, where more than 80 alleles were detected. The lowest
values for allelic richness were observed in the oldest sam-
ples from the Vosso and Opo Rivers; the latter also had the
lowest observed heterozygosity. These observations most
likely reflect the Namsen River’s status as having one of
the largest salmon populations in Norway, while the Opo
River has a small salmon population, located at the head
of the 160-km-long Hardangerfjord and a considerable dis-
tance from major salmon populations along the Norwegian
coast.

For the populations in the Vosso, Opo, Granvin, and Eio
Rivers, the stability observed in genetic diversity was un-
expected because these populations are currently relatively
small and presumably susceptible to genetic changes from
the large number of escaped farmed salmon that enter the
rivers. Although the salmon populations in the Granvin
and Opo Rivers are naturally small, the populations in the
Vosso and Eio Rivers were previously much larger and
have declined markedly during the past 15 years. Therefore,
a lower level of genetic diversity was expected in some of
the populations. It is possible that the reduction in popula-
tion size in the Vosso and Eio Rivers has not persisted long
enough to cause a genetic bottleneck. Alternatively, immi-
gration of farmed salmon may have counteracted a decline
in genetic diversity. In the Opo, Eio, and Granvin Rivers,
the proportion of farmed salmon in the spawning popula-
tions has been larger than that of wild salmon for several
years. Therefore, the absence of a reduction in genetic
diversity, and even an increase in observed heterozygosity
in temporal samples from the Opo and Eio Rivers, most
likely reflects gene flow from farmed salmon that have
been recorded in these rivers in large proportions.

Analysis of the pairwise Fgr values for within-river sam-
ples indicates that the smallest values were observed in the
Etne, Namsen, and Ha Rivers, all of which support large
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salmon populations. None of the temporal comparisons in
these rivers was significant, strongly suggesting that there
has been no genetic impact from farmed salmon in these
populations up to the most recent year classes analysed.
The situation appears different in the Eio, Vosso, and Opo
Rivers, where Fgr values are more than ten times greater
than the values observed in the Etne, Namsen, and Ha. In
the Vosso River, the Fgr value between the 1980 and
1995—1997 samples is low and more comparable with the
values observed within the rivers with temporal stability.
The Fst value between the 1980 sample and the 2003 sam-
ple in the Vosso River is four times higher than that between
the 1980 and the 1995—1996 samples, reflecting a larger
change in year classes spawned after the 1995—1996 salmon
were spawned. This could be a consequence of either
increased genetic drift or, alternatively, gene flow from
immigrating escaped farmed salmon. As there is an increase
in allelic richness and observed heterozygosity over time in
the Vosso River, the most likely explanation is gene flow
from farmed salmon.

The genetic distances in Figure 2 further illustrate the
temporal stability in some of the populations. The two sam-
ples from the Etne River cluster very closely, as do the
three samples from the Namsen River. In the Ha River,
two of the samples cluster very closely, but the oldest sam-
ple is located in a separate branch of the dendrogram. The
shortest genetic distance was between the two most recent
samples from the Ha River, which was not unexpected ow-
ing to the short time interval between the two samples.
Nevertheless, the results demonstrate a genetic stability
over year classes that probably would have been altered
in the presence of gene flow from farmed salmon. The lo-
cation of the oldest sample from the Ha River probably re-
flects the small sample size.

The 1980 and 1995—1997 Vosso River samples cluster
together, while the 2003 sample is located in a different
part of the dendrogram. The Fst and D4 values indicate
that a greater change has taken place later than the 1995
sample would indicate. The result agrees with statistics
showing that only since 1992 has a significant proportion
(46%) of farmed salmon occurred in the Vosso River.
This means that our sample of spawners collected in
1995—1997, originating in spawning around 1990, would
be less affected by gene flow than subsequent year classes.
Therefore, genetic data and cluster location of our smolt
sample from 2003, originating in spawning around 2000,
agree with annual observations of the proportion of farmed
salmon in the Vosso River.

Temporal stability in the Etne River, also illustrated in
the dendrogram (Figure 2), is particularly interesting and
unexpected because the proportion of farmed salmon in
this river has been large (74%) since monitoring began in
1989. This also agrees with the hypothesis that a large num-
ber of wild spawners, as in the Etne River, reduces the
spawning success of farmed salmon and, consequently,
their impact on the wild population. Stable levels of genetic

variability were also found in a study of temporal samples
of Danish salmon populations (Nielsen ef al., 1999). The
scattered location of the individual samples from the Eio
and Opo Rivers in the dendrogram further illustrates the
temporal instability in these populations.

The genetic differentiation among the seven populations
studied here is lower than reported in other studies (King
et al., 2001; Skaala et al., 2004; Wennevik et al., 2004;
Koljonen et al., 2005; Sélsd et al., 2005; Tonteri et al.,
2005). This can be explained by the panel of microsatellites
employed and the smaller geographical area covered in the
present study. However, Fgr values observed in the seven
Norwegian populations are comparable with those found
by Nielsen et al. (1999) for Danish Atlantic salmon.

When only the oldest or the most recent samples were
included in the assignment, the precision of identifying
individuals to population of origin varied from approxi-
mately 50% to 70%. As some of the present markers,
such as Ssa29 and Ssal3.37, which are characterized by
a small number of alleles, contributed little to the power
of assignment, it is expected that precision would be
increased significantly by including highly variable micro-
satellite markers. King et al. (2001) realized 100% correct
assignment to continent of origin, while identification to
individual population varied from 62% to 99%. High
precision (97%—99%) was also obtained by Koljonen
et al. (2005) in a study using eight microsatellite markers
for Atlantic salmon from the Baltic Sea. In the present
study, the greatest precision was achieved for the oldest
samples from the Opo and Vosso Rivers and the most
recent sample from the Granvin River. There was a reduc-
tion in the precision of assignment when the oldest and the
most recent samples were analysed separately, indicating
a reduction in genetic differentiation among the salmon
populations over time. In the Granvin and Eio Rivers, there
was an increase in assignment precision over time. The
oldest samples from both of these populations consist of
spawners collected over several years, which may be
more affected by immigrants and, therefore, they are less
population-specific than the more recent parr samples.
For the Granvin River, the small sample size may also
have reduced assignment precision. When all the samples
were included, precision was reduced, which is not unex-
pected because several less-differentiated samples were
included.

In general, immigration will reduce the interpopulation
variance in allelic frequencies and reduce population differ-
entiation. It has been postulated, therefore (Hindar et al.,
1991; Mork, 1991), that farmed salmon, in the numbers ex-
perienced in Norway, will gradually reduce the population
differentiation of wild Atlantic salmon. Interestingly, when
Fsr and D4 values for old and new samples were com-
pared, there was a moderate reduction in population differ-
entiation over time in both estimates. The most likely
explanation for the observed reduction, therefore, is in-
creased immigration of farmed salmon. In a similar study
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on the genetic effects of compensatory hatchery releases in
the Baltic Sea, Vasemadgi et al. (2005) also detected a reduc-
tion in Fgy over time.

In summary, the genetic profiles developed in the present
study strongly suggest reasonably unaltered gene pools in
the Namsen, Etne, Ha, and Granvin Rivers up to the year
classes analysed. In the Vosso River, there appears to
have been a change in the gene pool in or shortly before
2000. In the Eio and Opo Rivers, significant temporal
genetic changes in the gene pools were observed. As there
was no indication of reduced genetic diversity in these pop-
ulations, it is likely that the observed changes in the gene
pools are the result of gene flow from farmed salmon,
which have been reported to be present in these rivers in
large numbers. As was observed in the estimators of genetic
distance, the slightly lower correct assignment of contem-
porary samples may be an indicator of diminishing genetic
differentiation between populations.
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