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In Norway, there have been restrictions on salmon farming in several fjords to reduce the
potential negative impact on important stocks of wild Atlantic salmon. Little is known
about the incidence of escaped farmed salmon in fisheries and broodstocks relative to the
extent of fish farming in nearby areas. In this study, we analysed data on the incidence
of escaped farmed Atlantic salmon in angling catches and broodstock fisheries in rivers
for a 16-year period (1989e2004). These data were weighted using official catch statistics
and combined at the county level, and the incidence of escapees was correlated with both
the stock of farmed salmon in net pens and the reported number of escapees in different
Norwegian counties. Our results indicate a significant positive correlation between the in-
cidence of escaped farmed salmon in the rivers at the county level and the intensity of
salmon farming, measured as the number of farmed salmon in net pens, suggesting that pro-
tection areas may reduce the impact of escapees in salmon populations nearby.
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Introduction

During the past 35 years, production of farmed Atlantic

salmon (Salmo salar L.) in the North Atlantic has increased

from less than 5000 t in 1980 to approximately 800 000 t in

2004, with farms in Norway accounting for about 64% of

current production (ICES, 2005). The stock of farmed

Atlantic salmon greatly exceeds that of wild conspecifics

(Gross, 1998). Although a relatively small proportion of

farmed salmon escape, the number is large relative to the

populations of wild salmon. Reports of escaped farmed

salmon in Norwegian salmon rivers first appeared in the

1980s (Gausen and Moen, 1991; Lund et al., 1991),

methods for identification of farm escapees were developed

(Lund and Hansen, 1991; Fiske et al., 2005), and since

1989, a number of Norwegian rivers have been sampled

to estimate the occurrence of fish farm escapees (Lund

et al., 1991; Fiske et al., 2001). In recent years, the number

of farmed salmon in reported Norwegian salmon catches

has been estimated to be between 30 000 and 60 000
1054-3139/$32.00 � 2006 International Coun
annually (Hansen et al., 2005). Spawning of escaped

farmed salmon in wild salmon rivers has been documented

(Lura and Sægrov, 1991), and introgression of farmed

salmon into wild populations may have negative effects

(Hindar et al., 1991; Einum and Fleming, 1997; Jonsson,

1997; Fleming et al., 2000; Tufto, 2001; McGinnity

et al., 2003; McGinnity et al., 2004).

Farmed smolts released at marine sites tend to return to

the area from which they were released (Hansen and Jons-

son, 1991), while adult salmon that escape tend to disperse

more widely (Hansen, 2006). In other words, if many

salmon escape as smolts or early in the post-smolt stage,

the incidence of escapees in rivers close to fish farms

may be higher than if the farmed fish escape as adults.

Furthermore, if salmon move randomly after they escape,

they may be ‘‘trapped’’ in the fjord system in which the

farm from which they escaped is located and enter rivers

within that system. This is one of the reasons that salmon

farming in Norway has been restricted or prohibited in some

areas close to important salmon rivers (Lund et al., 1994;
cil for the Exploration of the Sea. Published by Elsevier Ltd. All rights reserved.
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Anon., 1999, 2002). Another reason is to reduce the risk of

pathogens and parasites spreading from farmed to wild

salmon populations (Finstad et al., 2000; Bjørn and Finstad,

2002).

In this study, we analysed the occurrence of escaped

farmed Atlantic salmon in angling catches and broodstock

samples from salmon rivers relative to the intensity of

salmon farming in different counties in Norway in the

period 1989e2004.

Methods

Scale samples from salmon caught in river fisheries were

provided by anglers during the legal angling season

(1 Junee18 August (1989e1994), 1 Junee31 August

(1995e2004)) and obtained from broodstock fisheries dur-

ing autumn (SeptembereNovember). These samples are

hereafter referred to as summer and autumn samples, re-

spectively. Anglers also provided a morphological assess-

ment for each fish. Scale readings combined with the

morphological assessments were used to estimate the pro-

portion of farmed escapees in the samples (Lund and

Hansen, 1991; Fiske et al., 2005). When the origin assigned

by scale reading and morphological assessment differed, the

origin of the fish was determined based on the scale read-

ing, but when origin could not be determined conclusively

from the scale reading, morphological assessment was used

to assign the sample. For each river, the proportion of

farmed salmon in the samples was calculated annually.

The data were normalized by arcsine square root transfor-

mation (Sokal and Rohlf, 1981). The total data set comprised

89 916 scale samples (62 229 summer samples and 27 687

autumn samples). The number of scales analysed in each

river varied from 29 to 911 (a mean of 136 and a median

of 101) for the summer samples, and from 24 to 449 (a

mean of 87 and a median of 74) for the autumn samples.

Data from 95 different rivers for periods varying from 1 to

16 years (a mean of 6.8 and a median of 6 years per river)

were used. The summer samples represented only a propor-

tion of the total catch in each river. The autumn scale sam-

ples were obtained mainly from fish caught by anglers in the

period close to spawning after the end of the angling season,

but samples were also obtained from fish caught by other

methods. Most of the wild salmon in the autumn samples

were released after the scale samples were taken, or they

were stripped to produce fry or smolts for stocking.

The percentages of farmed salmon in individual rivers in

the period 1989e2000 are presented in Fiske et al. (2001),

but the data for 2001e2004 have not yet been published.

Summer samples were not analysed in 2003 because the

sampling programme received limited financing that year.

As a measure of the incidence of farmed salmon in each

river, we computed the mean of the transformed proportion

from the summer and autumn samples each year. In some

cases, only summer or autumn samples were available,
and then the incidence was estimated from the linear re-

gression forced through the origin of the relationship be-

tween the observed proportion and incidence. The

following were used to estimate the incidence of escapees

in cases where only summer or autumn samples were

available:

incidence¼ ðtransformed summer proportionÞ � 1:283

ðt¼ 38:1; p< 0:001Þ; or

incidence¼ ðtransformed autumn proportionÞ � 0:727

ðt¼ 74:5; p< 0:001Þ:

From the Statistics Norway website (http://www.ssb.no/),

we collected data on salmon stock size in net pens in the

sea, available since 1989, and the reported number of es-

caped farmed salmon, available since 1993. These data

are available for different regions in Norway, normally cor-

responding with counties, except for southern and south-

eastern parts of Norway, where data from several

counties are pooled, probably because there is relatively lit-

tle fish farming in this region. Hereafter, these geographical

units are referred to as ‘‘counties’’. These ten counties are

shown in Figure 1. Catch statistics for each river were pro-

vided by the Directorate for Nature Management and Statis-

tics Norway. These statistics report the annual nominal

catches in numbers of salmon for each river, and include

both wild and escaped farmed salmon (Figure 2). The sta-

tistics for individual rivers were used to compute the

weighted mean incidence of escaped farmed salmon for

each county for those rivers for which samples were avail-

able. Consequently, our weighting procedure did not in-

clude the total catch in each county, but only the catch

from rivers for which we had scale samples. Rivers were al-

located to county based on the location of their outlet to the

sea, and none of the rivers formed the border between

counties. Each river was weighted with the reported num-

ber of salmon caught in the river annually. In this way,

rivers with large catches (large populations of wild salmon)

were weighted more heavily than rivers with small catches.

As a consequence, our analysis reduced bias caused by

overemphasis on small populations with large proportions

of farmed salmon.

With ‘‘county’’ as the unit in our analysis for each year,

we computed the correlation coefficient between the inci-

dence of escaped farmed salmon in rivers and either the

size of farmed salmon stocks or the reported number of es-

capees. To avoid possible biases caused by time-trends in

the data sets, we analysed the data annually. The correlation

coefficient for each year was then used in a ‘‘bare bones’’

meta-analysis (Hunter and Schmidt, 1990). We tested the

significance of the effect sizes (mean correlation coeffi-

cients r) using the z test (Rosenthal, 1984) and used

a meta-analytic approach because the number of counties

with adequate data varied among years. In the meta-analyses,

http://www.ssb.no/


1184 P. Fiske et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/63/7/1182/7
Figure 1. Map showing the locations of salmon and/or rainbow trout farms in Norway in 2004 (data from Havbruksregistret, Norwegian

Directorate for Fisheries). The map shows the localities where farming is permitted, but not all localities were in use in 2004. Only a few

sites rear only rainbow trout. The counties used in the analysis are also shown.
5

the number of ‘‘county years’’ is regarded as the total sample

size.

Results

The incidence of farmed salmon in summer
and autumn fisheries e patterns over time

The percentage of farmed salmon in autumn samples was

higher than in summer samples (Figure 3). The proportion

of farmed salmon in the autumn samples has decreased

since monitoring began in 1989, while the tendency in the

summer samples has increased, with the largest proportion

found in 2002. Weighting the incidence of farmed salmon

in each river with the catches in individual rivers (a proxy

for population size) gave lower percentages than not

weighting for both summer and autumn samples (Figure 3).

The incidence of farmed salmon relative
to stock size of farmed fish in net pens

The incidence of escaped farmed salmon in the rivers, at the

county level, correlated positively and highly significantly
with the stock of farmed salmon in net pens in the same areas

(mean r¼ 0.52, n¼ 157 county years, z¼ 6.54, p< 0.001).

The annual correlation coefficients varied from 0.17 to 0.77,

and they decreased significantly during 1989e2004

(Figure 4). Analysing summer and autumn data separately

provided a similar pattern: summer, mean r¼ 0.42, n¼
145 county years, z¼ 5.02, p< 0.001; autumn, mean

r¼ 0.24, n¼ 146 county years, z¼ 2.91, p< 0.01.

The incidence of farmed salmon relative to
the reported number of escaped farmed salmon

The incidence of escaped farmed salmon in the rivers at the

county level correlated positively with the reported number

of escaped farmed salmon: mean r¼ 0.24, n¼ 119 county

years, z¼ 2.49, p< 0.02. The annual correlation coeffi-

cients varied from �0.21 to 0.87, and there was no clear

pattern with time for the years 1993e2004 (Figure 5).

The correlations were not significant when analysing sum-

mer and autumn data separately: summer, mean r¼ 0.17,

n¼ 109 county years, z¼ 1.73, n.s.; autumn, mean

r¼ 0.05, n¼ 113 county years, z¼ 0.41, n.s.

3755 by guest on 21 August 2022
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Eastern Norway
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Figure 2. The total annual nominal catch of salmon (number of fish in thousands) in rivers for each county, 1989e2004 (Source: Statistics

Norway and Directorate for Nature Management). Catches of escaped farmed salmon in the rivers are included. Note that the scales on the

y-axes vary.
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Discussion

The analysis indicates that farmed salmon escapees are

found more commonly in wild salmon rivers in areas

with higher levels of salmon farming activity than in other

areas. This confirms expectations based on the behaviour

of escaped farmed salmon (Hansen and Jonsson, 1991;

Hansen, 2006). Similarly in Scotland, a higher frequency

of occurrence of farmed salmon was found in rivers on

the west coast, where the fish farming industry is located,

than on the east coast, which has little salmon farming

(Youngson et al., 1997). In Canada, the proportion of

farmed salmon entering the Magaguadavic River increased

as the aquaculture industry in that area expanded (Carr

et al., 1997). A preliminary study suggests that up to

50% of the escaped farmed salmon caught in bag nets on

the coast of Norway may have escaped as smolts or post-

smolts (Lund, 1998). The positive correlation between the
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Figure 3. The percentage of escaped farmed salmon in summer

and autumn samples in Norwegian rivers, 1989e2004. Data were

computed as the mean of the transformed data from individual

rivers and then back-transformed to percentages. The means were

computed both by weighting and not weighting the percentages

from individual rivers with the reported number of salmon caught

in the rivers. Note the different scales on the y-axes of the two

graphs.
intensity of salmon farming and the incidence of farmed

salmon in wild stocks at the county level may be the result

of farmed salmon that escaped as smolts or post-smolts re-

turning to the area from which they escaped. This homing

behaviour has been demonstrated for hatchery-reared

smolts with wild parents released in stocking programmes

(e.g. Carlin, 1969; Sutterlin et al., 1982; Hansen et al.,

1989; Heggberget et al., 1991; Jonsson et al., 2003). Fur-

thermore, if adult farmed salmon escape relatively close

to spawning and move randomly, they may also enter rivers

in the fjord system in which the farm from which they

escaped is located (Heggberget et al., 1993).

The standing stock of farmed salmon in counties

explained the incidence of farmed salmon in nearby rivers

better than the reported number of escapees. This suggests

that the official statistics underestimate the numbers of
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Figure 4. Correlation coefficients for the relationship between the

incidence of escaped farmed salmon in rivers and the stock of

farmed salmon in net pens plotted against time. There is a

significant negative correlation with time, r¼�0.58, n¼ 16 years,

p¼ 0.02.
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Figure 5. Correlation coefficients for the relationship between the

incidence of escaped farmed salmon in rivers and the reported

number of escaped farmed salmon plotted against time. The rela-

tionship is not significant.
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escaped farmed salmon owing to non-reporting or under-

reporting of some escape events (e.g. the small-scale trickle

losses). However, farmed salmon may not ascend rivers in

the same year as they escape, and this may weaken the re-

lationship between the reported number of escaped salmon

and farmed salmon in wild populations.

Correlation coefficients between the size of fish farm

stocks and the incidence of farmed salmon in wild popula-

tions decreased with time. This may be the result of fewer

smolts and post-smolts escaping from farms in recent years,

leading to a smaller proportion of escaped salmon returning

to the area from which they escaped, or as salmon farming

activity has increased in Norway, the difference in the stock

of farmed salmon between counties has become smaller,

leading to less spread in this variable. The coefficient of

variation for the size of the stock of farmed salmon among

counties has decreased from 63% in 1989 to 50% in 2004,

suggesting that, over time, the pattern may be, in part, a

statistical artefact.

The proportion of farmed salmon has decreased with

time in autumn samples, although it appears to have in-

creased with time in summer samples. This increase with

time is probably a consequence of more fish being caught

in August in recent years, as a result of an extension to

the fishing season established in 1995. Escaped farmed

salmon tend to enter the rivers later in the season than

wild salmon (Crozier, 1998; Fiske et al., 2001), and there-

fore, it is more likely that the increase reflects the change in

angling season rather than an increased number of escaped

farmed salmon entering the rivers. The consistent decline in

the proportion of farmed salmon in autumn samples during

the study period probably reflects the reduction in the num-

ber of escaped farmed salmon in wild populations. It is also

possible that changes in fishing seasons, resulting in more

effort late in the season in both the sea and rivers, have in-

creased catches of farmed salmon and thus reduced num-

bers in the spawning populations. A combination of these

two explanations probably accounts for the observed

pattern.

Limitations of the data set

The number of wild salmon populations used in this study

varied among counties. Although the counties varied in

size, they were chosen as the unit of analysis because

they were the smallest geographical area for which fish

farming statistics were available. A county such as Horda-

land, which has a large salmon farming industry but small

wild salmon populations (Skurdal et al., 2001), probably

strengthens the relationship between the stock of farmed

salmon and the incidence of farmed salmon in wild popula-

tions than it would be if the wild populations in this county

were larger. The data were weighted to reduce this effect,

but as most wild stocks in Hordaland county are relatively

small, it may not have been removed completely.
Rivers in the analysis were grouped at the county level,

but a more robust analytical approach might have been to

group rivers according to their distance from the nearest

salmon farms. Unfortunately, historical data on the location

of fish farms are not available. Therefore, our results should

be interpreted cautiously, but they do indicate that farmed

salmon pose a greater threat to the wild populations in areas

with high production of farmed salmon than in low produc-

tion areas. This is probably partly because areas with high

production of farmed salmon coincide with areas with few

spawners in the wild salmon populations. A combination of

small wild salmon populations and high intensity of salmon

farming is likely to have a negative impact on genetic di-

versity in the wild populations (Tufto, 2001).

The sampling in this study was based mainly on rod

catches, and if farmed salmon and wild salmon differ in

their catchability, the samples may not accurately reflect

the ‘‘true’’ proportion of farmed salmon in wild popula-

tions. However, the data were collected in a similar manner

in each river and should be comparable. We also used the

mean proportion of escapees in summer and autumn sam-

ples as the measure of the incidence of farmed salmon in

wild populations. The proportion depends on both the

size of the wild salmon population and the number of

escaped farmed salmon present. Therefore, apparent

changes in the samples’ proportions of farmed salmon

may be the result of changes in the size of wild populations,

even if the number of farmed salmon is relatively constant.

The survival of wild salmon appears to be correlated over

large areas (Friedland et al., 2000). By analysing the data

annually, we probably avoided some of the problems

caused by proportions depending on the size of wild stocks.

If the survival of both escaped farmed salmon and wild

salmon are affected by the same factors, the proportions

of farmed salmon in the samples may still provide a rela-

tively comparable statistic of the year-to-year variation in

escapees from salmon farms. Potential problems caused

by variations in the abundance of wild populations on esti-

mates of farmed salmon in the catches were minimized,

first, by weighting rivers based on their catch and, second,

by computing the correlations annually.

Furthermore, we combined summer and autumn samples

to provide one estimate of the incidence of escapees for

each year. This increased the sample size and allowed as

much information as possible to be used in a single analy-

sis. Analysing the data for summer and autumn samples

separately gave similar results when using farmed salmon

stock, but resulted in non-significant correlations when us-

ing the reported number of escapees. Therefore, our conclu-

sion that the size of the stock of farmed salmon is a better

predictor of the incidence of farmed salmon in wild popu-

lations than the reported number of fish farm escapees was

valid even when summer and autumn samples were ana-

lysed separately.

In conclusion, our data suggest that fewer farmed salmon

enter rivers in areas with lower salmon farming production.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/63/7/1182/753755 by guest on 21 August 2022



1188 P. Fiske et al.
Therefore, area protection is likely to reduce the impact of

escaped farmed salmon in nearby wild salmon populations.

However, our analysis is based on a geographical scale

(counties) too large to allow detailed advice to be devel-

oped about the appropriate size for protected areas as a man-

agement approach to reducing the impact of farmed salmon

in wild salmon populations.
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for å bedre situasjonen. Norges offentlige utredninger, 1999-9:
1e297.

Anon. 2002. Om opprettelse av nasjonale laksevassdrag og laksefjor-
der. Stortingsproposisjon nr 79. (2001e2002): 1e116.

Bjørn, P. A., and Finstad, B. 2002. Salmon lice, Lepeophtheirus
salmonis (Krøyer), infestation in sympatric populations of Arctic
char, Salvelinus alpinus (L.), and sea trout, Salmo trutta (L.), in
areas near and distant from salmon farms. ICES Journal of
Marine Science, 59: 131e139.

Carlin, B. 1969. Migration of salmon. Lectures Series, pp. 14e22.
Atlantic Salmon Association (Special Publication), Montreal.

Carr, J. W., Anderson, J. M., Whoriskey, F. G., and Dilworth, T.
1997. The occurrence and spawning of cultured Atlantic salmon
(Salmo salar) in a Canadian River. ICES Journal of Marine
Science, 54: 1064e1073.

Crozier, W. W. 1998. Incidence of escaped farmed salmon, Salmo
salar L., in commercial salmon catches and fresh water in
Northern Ireland. Fisheries Management and Ecology, 5:
23e29.

Einum, S., and Fleming, I. A. 1997. Genetic divergence and inter-
actions in the wild among native, farmed and hybrid Atlantic
salmon. Journal of Fish Biology, 50: 634e651.

Finstad, B., Bjørn, P. A., Grimnes, A., and Hvidsten, N. A. 2000.
Laboratory and field investigations of salmon lice (Lepeophthei-
rus salmonis Krøyer) infestation on Atlantic salmon (Salmo
salar L.) post-smolts. Aquaculture Research, 31: 795e803.

Fiske, P., Lund, R. A., and Hansen, L. P. 2005. Identifying fish
farm escapees. In Stock Identification Methods; Applications
in Fishery Science, pp. 659e680. Ed. by S. X. Cadrin, K. D.
Friedland, and J. R. Waldman. Elsevier Academic Press,
Amsterdam.

Fiske, P., Lund, R. A., Østborg, G. M., and Fløystad, L. 2001.
Rømt oppdrettslaks i sjø- og elvefisket i årene 1989e2000.
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