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ABSTRACT 
 

Migration is common among populations of brown trout (Salmo trutta) and 

Atlantic salmon (Salmo salar). However, not all individuals in the same 

population migrate, a phenomenon referred to as partial migration. The aim of 

this thesis was to investigate if an individual’s behaviour and metabolic rate 

influences its decision to migrate and how such knowledge may be used when 

trying to produce hatchery-raised smolts with as high a proportion of migrating 

individuals as possible. In paper I the influence of reduced food ration on the 

proportion and swimming speed of migrating brown trout and Atlantic salmon 

smolts was investigated. Furthermore, the standard metabolic rate (SMR) of 

migrating and non-migrating individuals was compared. In paper II, a 

laboratory experiment, SMR was correlated to the behaviour of individual 

brown trout and Atlantic salmon. Dominant fish of both species had a higher 

SMR than subordinates (paper II). In addition, migrant brown trout had a 

higher SMR than non-migrant trout when given a normal food ration, whereas 

no difference in SMR between migrating and non-migrating salmon could be 

seen (paper I). When administered low food rations, smolts of both species 

migrated faster than smolts given a normal food ration, and the proportion of 

migrating smolts was higher for salmon given less food when the size 

difference for smolts from the two feeding regimes was large (paper I). Other 

factors that influenced migration speed were the degree of smolt development 

and water temperature (paper I). SMR was not correlated with aggressiveness, 

or with different measurements of boldness. Moreover, aggression and 

boldness were not correlated with each other (paper II). Trout showed a 

higher level of aggressiveness and acclimated more rapidly to laboratory 

conditions than salmon (paper II). In summary, there was no support for the 

existence of coping styles in migratory Atlantic salmon and brown trout. 

Instead, metabolic rates were related to both migratory behaviour and social 

status. Furthermore, an individual’s decision to migrate was influenced by 

ration size. 
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INTRODUCTION 
 

Animals should migrate to a new environment when the cost of migrating 

is less than the advantage of moving (Näslund 1990; Bohlin et al. 2001). 

However, the cost and benefit of migrating are not necessarily the same for all 

individuals in a population, which can result in a situation where some 

individuals remain in the area whereas others migrate; a phenomenon referred 

to as partial migration (Terrill & Able 1988). This situation is common among 

brown trout (Salmo trutta) populations (e.g. Forseth et al. 1999; Bohlin et al. 

2001; Nielsen et al. 2003), whereas most individuals of Atlantic salmon 

(Salmo salar) migrate (Klemetsen et al. 2003).  

Migrating individuals are assumed to have higher standard metabolic rates 

(SMR) than their non-migrating conspecifics. When an individual cannot 

allocate enough resources for growth it is inclined to migrate (Forseth et al. 

1999), and this is more likely to occur if the individual has a high SMR. In birds 

and mammals, a high SMR has been correlated with an aggressive, bold and 

rigid behaviour referred to as a proactive coping style, whereas individuals with 

a reactive coping style have a low SMR, are not very aggressive or bold and 

have a flexible behaviour (Korte et al. 2005). Evidence for the existence of 

coping styles has been presented for rainbow trout (Øverli et al. 2002; 

Schjolden et al. 2005; Øverli et al. 2004), brown trout (Brelin et al. 2005; Brelin 

et al. 2008a) and to some extent Atlantic salmon (Kittilsen et al. 2009). None of 

these studies have presented evidence for coping styles by measuring both 

behaviour and metabolic rates (Brelin et al. 2005; Brelin et al. 2008a; Kittilsen et 

al. 2009). For birds and mammals it has been presumed that the animals 

exhibiting the reactive coping style are more likely to migrate (Koolhaas et al. 

1999). This is because their more flexible behaviour should make it easier for 

them to adapt to the new environments they meet when migrating (Koolhaas et 

al. 1999; Sih et al. 2004). However, for trout and salmon it seems more likely 

that the proactive coping style should be better suited to a migratory lifestyle. 

This is because their higher energy demand should force them to seek new 

environments with better feeding opportunities. Because male salmonids tend 

to be more aggressive than females (Johnsson & Åkerman 1998; Johnsson et al. 

2001), we postulate that there may be gender-biased differences in coping 

styles. We also expected there to be species differences in coping styles. The 

higher level of aggression and the superior competitive ability (Harwood et al. 

2002; Gibson & Erkinaro 2009) of brown trout may correlate with other types 

of behaviours differently for brown trout than for the less aggressive Atlantic 
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salmon. Because salmon are less likely to stay in the river than brown trout 

(Klemetsen et al. 2003), it is possible that the proactive coping style may be 

more common among salmon than trout.  

In many rivers migration by salmonids is fraught with difficulties due to the 

construction of hydroelectric power plants. Damming the rivers has often led 

to irreparable loss of spawning habitats. Consequently, stocking of hatchery-

reared fish has been implemented in many rivers to compensate for loss of fish 

production as a result of dam construction (Brown & Laland 2001). However, 

the success of stocking programs is not always positive. For example, previous 

studies have shown that hatchery-raised individuals behave differently 

(Johnsson et al. 1996; Brown & Laland 2001; Jutila et al. 2003a) and have a 

higher death rate (Tipping et al. 1995; Jutila et al. 2003a; Jutila et al. 2003b; 

Kallio – Nyberg et al. 2004) than their wild conspecifics.  

The recapture rates of released hatchery-raised smolts have decreased 

during the last decades, both in the Baltic Sea (McKinnell & Karlström 1999) 

and in Klarälven, central Sweden (Fiskeriverket 1998; Fiskeriverket unpubl. 

data). The mortality of stocked salmonids has been shown to be highest the 

first days after they have been released (Aarestrup et al. 2005) and that the more 

time spent in the river the higher the mortality (Salminen et al. 2007). Therefore 

it is important to release smolts that migrate as fast as possible.  

Hatchery-raised smolts have increased in size during the same time as 

recapture rates have decreased (Eriksson et al. 2008). This is probably due to 

increased caloric and fat levels in their food and to warmer climatic conditions. 

The observed high body fat levels of these individuals may have altered their 

behaviour and made them less likely to migrate (Olsson et al. 2006) because 

food has been shown to influence an individual’s decision to migrate (Forseth 

et al. 1999; Olsson & Greenberg 2004). A high proportion of fish fed high 

rations has been shown to become residents rather than migrate (Nordeng 

1983; Wysujack et al. 2009).  

 

 

OBJECTIVES 
 

The aim of this thesis was to investigate if a proactive and a reactive coping 

style exist in brown trout and Atlantic salmon and if so, if one of these styles is 

more common among migrating individuals. Another aim was to determine if 

the proportion of migrating fish could be increased by providing hatchery fish 

with a restricted food ration.  
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In paper I the effect of ration size on the proportion of migrants and 

migration speed was investigated for brown trout and Atlantic salmon. 

Furthermore the standard metabolic rates of migrating and non-migrating 

individuals were compared. During the six months prior to stocking, the 

salmonids were given different food rations, and SMR was measured for some 

of the individuals prior to release. Stocked individuals were tracked with radio-

transmitters when they migrated from Forshaga in the River Klarälven to Lake 

Vänern, a distance of around 25 km. The main hypotheses were as follow:  

(1) that individuals of both Atlantic salmon and brown trout raised on reduced 

rations would migrate faster than when given normal rations, (2) that reducing 

ration size would increase the proportion of trout that migrate whereas, ration 

size would not affect the proportion of migrating salmon and (3) that migrating 

trout would have a higher standard metabolic rate than non-migrants, while no 

such difference would be seen for salmon. 

In paper II the possible existence of coping styles in Atlantic salmon and 

brown trout was investigated. Metabolic rates of individuals were correlated to 

the individuals’ boldness, aggressiveness and dominance status. Boldness was 

measured in different situations to find out if it is a consistent or a context-

specific trait. The main hypotheses in this paper were: (1) a proactive and a 

reactive coping style exist in both Atlantic salmon and brown trout, (2) that 

brown trout are more aggressive than Atlantic salmon and (3) males are more 

aggressive than females. 

 

 

MATERIALS AND METHODS 
 

Study area 
 

The field experiment of paper I was performed in the lowest part of 

Klarälven, central Sweden in 2006 and 2007. This river originates in Norway 

and flows southwards into Sweden where it enters this country’s largest lake, 

Vänern. In the lower part of Klarälven there are eight hydropower stations, 

which have reduced the area of spawning grounds by around one third 

(Fiskeriverket 1998). The river has also been extensively used for timber 

floating and today the bottom of the river is mainly covered by sand and silt.  

The feeding experiment in paper I was performed in the Gammelkroppa 

fish hatchery during the first year and in the Brattfors fish hatchery the second 
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year. The laboratory experiment in paper II was performed in the aquarium 

facility at Karlstad University during winter 2007 to autumn 2008.  

 

 

Paper I 

 

During two consecutive seasons a food ration experiment was performed from 

December and until the smolts were released in late spring. During the first year 

(2005-2006) two groups of 1+ salmon with 500 individuals in each group were 

held in separate holding tanks at Gammelkroppa fish farm. During the second 

year (2006-2007) two groups of 1+ salmon and two groups of 1+ trout, with 

250 individuals in each group, were held in Brattfors fish farm. During both 

years and species one group was fed 

according to the recommendations 

given by the fish-farming industry, 

hereafter called the normal ration 

group, and the other group, the 

reduced ration group, was given 

around 15% of this amount. In late 

spring, just prior to the release of the 

smolts, the size of the fish was 

measured and their smolt status was 

determined visually using a four grade 

scale, modified after Tanguy et al. 

(1994) for trout and according to 

Staurnes et al. (1993) for salmon.  

During the first season, 45 salmon 

from each group were marked with 

surgically implanted radio-

transmitters. In the second year the 

number of marked individuals from 

each group was 30. These were released downstream of the southernmost 

power plant station and were tracked during their migration to Lake Vänern, a 

distance of around 25 km. 

During the first year 21 wild salmon were caught. They were anesthetized 

with MS-222 and measured (total length in mm, Ricker 1979) and weighed 

(0.1 g). Seven individuals were retained and their fat content was measured. 

Figure 1: The drainage basin of River 
Klarälven (SMHI 2009). 
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This was also done for fifteen hatchery-raised salmon in the normal and 

reduced ration groups, respectively.  

In the second year, 31 trout and salmon were randomly-selected and their 

standard metabolic rate was measured with an intermittent flow respirometry 

system (Loligo Systems ApS, Hobro, Denmark). The fish were starved for 24 h 

before placed in the respirometry chambers, where they were held for around 

22 hours. The median value for a period of two hours 

(12 measurement periods) was used as a measurement of the fish’s SMR. 

 

 

Paper II 

 

In paper II hatchery reared lake migrating 0+ brown trout and Atlantic 

salmon were taken from Gammelkroppa fish farm, southwestern Sweden, to 

Karlstad University. The fish were marked with PIT-tags and held in groups 

when not used in the experiments. The temperature was held at a constant 

10°C and the light regime was 10L:14D.  

In the behavioural experiments twelve 200L aquariums (100 × 50 × 40 cm) 
were used. The aquariums were divided into two sections; a smaller section, the 

home section, (37 cm of the aquarium’s length and around 44 L) with gravel, a 

flower pot and an artificial plant and a larger section, the barren section, 

without gravel or structures (61 cm long and 73 L). In the home section, by 

aerating the water, the water was circulated to simulate a stream environment. 

Three sides of the aquariums were covered with opaque plastic and the front 

side of the home section with sunfilm plastic (allows one to view fish with 

minimal disturbance) and throughout the investigation the fish were fed 

chironomid larvae at two percent wet weight as a daily ration. 

The boldness of the fish was measured in three different contexts: 1. during 

a feeding acclimation experiment, 2. during a shy-boldness test and 3. when 

measuring oxygen consumption. The term boldness is here used to describe the 

exploratory behaviour of an animal in a new environment. Aggressiveness was 

measured when a fish met its own mirror image and when paired together with 

a conspecific. 

Before the first experiment started, the fish were anesthetized with MS-222 

and the fork length (mm) (Ricker 1979) and weight (0.1g) were measured. The 

individuals were then placed in the home section of the aquariums to settle for 

half an hour before the feeding acclimation experiment started. Then the fish 

were fed ten chironomid larvae and their behaviour was graded according to 
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Øverli et al. (2006), where 0 means that the fish did not feed, 1 = the fish took 

only food that was close to the fish’s mouth, 2 = the fish always returned to its 

original position after catching the food; distance moved was more than one 

body length and 3 = the fish were actively feeding. The feeding was repeated 

four times a day until the fish ate actively. 

A shy-boldness test followed the feeding acclimation experiment. The 

water flow was turned off and ten chironomid larvae were placed at the far end 

of the barren section. The partition between the two sections was removed and 

the time before the fish entered the barren section and the time it took the fish 

to move to the food and start to eat were measured.  

After a recovery period of three to seven days in the home sections of their 

aquariums the aggressiveness of the fish was measured as the time aggressive 

and the number of attacks and displays performed towards a mirror during 

three minutes. To motivate the fish to be aggressive, the fish were fed just prior 

to initiating the measurements. This experiment was followed by measurements 

of metabolic rate (see below). 

During the next behavioural experiment two individuals were released 

together in the home section of an aquarium. Both fish were of the same 

species and of similar size. After a settling period of two hours the experiment 

started. Ten larvae were given one at a time and how many larvae each 

individual consumed was noted. Thereafter the number of aggressive acts 

during three minutes was counted. After that the fish were fed several 

chironomid larvae at the same time. When these had been consumed the 

number of antagonistic acts was counted again for three minutes. The most 

frequently observed antagonistic behaviour was attacking and was the only 

behaviour considered when evaluating social status. This test was repeated three 

times the first day and four times the following days until it was possible to tell 

which fish was dominant. In most pairs the most aggressive fish consumed 

most of the food and was considered as dominant. For pairs where no 

difference in aggressiveness could be seen the fish’s colouration and position 

were considered.  

 

 

Metabolic rates 
 

The fish were held in the home sections of their aquariums for seven days 

after the aggression test. The fish were held without food for around 43 h 

before being placed in the respirometer chambers. The metabolic rates were 
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measured as oxygen consumption in an intermittent flow respirometry system 

with a LDAQ-4 instrument (Loligo Systems ApS, Hobro, Denmark), where 

four fish could be measured simultaneously without seeing each other during 

the measurements. The oxygen consumption was measured during five minutes 

every ten minutes at a temperature of 10°C and in complete darkness. The fish 

were placed in the chambers during mid-day and left for around 20 to 24 h. For 

estimating standard metabolic rate a period of three hours, eighteen consecutive 

measurements, towards the end of the test period was used. The median value 

for this period was used as the fish’s SMR. For 9 of 56 trout it was not possible 

to use this period because they were not calm. For these trout earlier periods 

with stable values were used. 

It has previously been suggested that SMR does not show individual 

differences in stress response and activity level and therefore may not be a 

proper way of measuring metabolic rate in behavioural studies (Careau et al. 

2008). To compare the stress response of the fish, the maximum value, the 

average value during the first hour and the SE for the whole test period were 

used. The maximum value was divided by the measured SMR to produce a ratio 

that shows the stress response relative to the metabolic rate when the individual 

is resting. Furthermore, the average value during the first hour 

(six measurements) of the test period was used as a measurement of the 

individuals’ response to a new environment.  

When all tests had been performed, the fish were sacrificed with a high 

concentration of MS-222, and their sex was determined by visual examination 

of the gonads. 

 

 

SUMMARY OF RESULTS 
 

Paper I 

 

In both years and for both species the groups given a reduced food ration 

were smaller and had a lower condition factor. Body fat content was greater for 

salmon fed normal rations (9.1 %) than reduced rations (5.9 %) in the first year. 

Moreover, individuals in both groups had a higher fat content than wild smolts 

(1.2 %). 

For salmon during the first year there was no difference in smolt status 

between the normal ration and reduced ration groups, whereas there was a 

statistically significant difference in smolt development during the second year. 
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For trout, no difference in smolt development between the two feeding regimes 

could be seen. This difference in smolt status is reflected by the proportion of 

migrants, where salmon during the second year had more than twice as many 

migrating fish in the reduced ration group than in the normal ration group, 

whereas no such difference could be seen for salmon the first year or for trout 

(Fig. 2). 

 

 
Figure 2: The proportion of smolt migrants for Atlantic salmon in 2006 and for Atlantic 
salmon and brown trout in 2007 fed a normal and reduced ration. Note that the number 
of migrating smolts is shown above the bars. 

 

Fish fed reduced rations migrated faster than fish fed normal rations. This 

difference, however, was not significant for salmon during the second year. 

Time of release also influenced migration speed. In 2006 salmon released 30 

May migrated faster (median = 0.32 days) than those released 25 April 

(1.8 days) and 9 May (1.6 days). During the same time the water temperature 

increased from 2.6 to 10.5°C. No relationship between date of release and 

migration speed could be found in 2007, when the water temperature was 

between 12 and 21°C. 

The SMR for migrating versus non-migrating trout in the group fed a 

normal ration was higher for the migrants; a difference that is not seen for 

salmon.  

0.00

0.20

0.40

0.60

0.80

1.00

Salmon 2006 Salmon 2007 Trout 2007

P
ro

p
o

rt
io

n
 m

ig
ra

n
ts

Normal ration

Reduced ration

28

34

9
12

21

9

**



 12 

Paper II 

 

Trout showed a higher degree of aggressiveness than salmon both when 

fighting a mirror and a conspecific. A dominance relationship was also 

established faster for trout than for salmon. Furthermore, trout fed more 

actively than salmon during the first day of the feeding test while no difference 

between the species could be seen in the shy-boldness experiment. For all 

behaviours studied no sex difference could be seen for either Atlantic salmon 

or brown trout. Nor were there any correlations between the different 

behaviours seen.  

 

 
Figure 3: Comparison between standard metabolic rate (mg O2/kg, h) for the dominant and 
the subordinate trout (a) and salmon (b). A point above the diagonal indicates that the 
dominant individual has a higher SMR. 

 

For salmon, there was a positive correlation between the ratio of maximum 

oxygen consumption and SMR and shyness, expressed both as the time before 

an individual left the home section of the aquarium and the time the fish 

needed before starting to eat.  

For both Atlantic salmon and brown trout the dominant individuals had a 

higher SMR than the subordinates (Fig. 3). Furthermore, Atlantic salmon that 

were dominant showed a tendency to be more aggressive towards a mirror than 

their subordinate conspecifics. This was not seen for brown trout. Nor could 

any difference in boldness be found between the dominant and subordinate 

individual of either species. 
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DISCUSSION 
 

A higher SMR for migrant than for non-migrant trout in the group fed a 

normal ration (paper I) might be related to the higher SMR observed for 

dominant than for subordinate individuals (paper II). The higher SMR 

combined with a higher level of aggression for dominant trout interacting with 

conspecifics (paper II) should result in dominants, which are presumably 

migrants, spending more energy than subordinate, non-migrant individuals. 

This idea is corroborated by earlier studies that have shown that fish that 

cannot satisfy their energy demand, and allocate enough resources for growth in 

the local environment, are more likely to migrate (Forseth et al. 1999; Morita et 

al. 2000; Morinville & Rasmussen 2003; Olsson & Greenberg 2004). Even 

Atlantic salmon that was dominant showed a higher SMR than their 

subordinate conspecifics (paper II). The lack of a difference in SMR between 

migrant and non-migrant salmon (paper I) can be explained by the fact that 

individuals of Atlantic salmon do not seem to have the same possibility to 

choose whether they should stay in the river or migrate to a lake or to the sea 

(Klemetsen et al. 2003).  

Another difference between the species that could be seen in this 

investigation was that two trout paired together showed a higher level of 

aggressiveness and formed a dominance relationship earlier than two salmon 

(paper II). The higher level of aggressiveness for trout has previously been 

reported (Harwood et al. 2002), as well as the fact that trout are more successful 

when competing with salmon (Gibson & Erkinaro 2009).  

The high energy demand that influences an individuals’ decision to migrate 

can be used when producing hatchery-reared smolts. Salmon given a reduced 

ration migrated at a higher proportion than salmon fed normal rations in 2007 

(paper I). That this was not seen for salmon in 2006 can be explained by the 

smaller difference in size and condition factor that year. Condition factor has 

been previously shown to be higher for non-migrant than migrant steelhead 

trout (Ewing et al. 1984; Viola & Schuck 1995; Tipping et al. 1995; Tipping & 

Byrne 1996). Furthermore, a larger difference in smolt status between the 

groups fed a normal and reduced ration was found in 2007 than in 2006. These 

differences probably reflect the fact that salmon were released earlier in 2006, 

i.e. at the beginning of the growth season, than in 2007. For trout there was a 

small difference in condition factor and no difference in smolt status between 

the groups fed a normal and reduced ration, which probably explains the similar 

proportions of migrants for the two feeding regimes. The fish in both groups 
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were large and the reduction in food ration was probably not enough to 

influence the trout’s decision to migrate (Wysujack et al. 2009). 

The faster outmigration for Atlantic salmon and brown trout fed a reduced 

ration rather than a normal ration corresponds to an earlier finding where 

steelhead trout smolt starved during one month prior to release migrated faster 

(Tipping & Byrne 1996). That the result was not significant for salmon in 2007 

can probably be explained by the low number of migrants and the late release 

date, both of which probably decreased the difference in migration time 

between individuals in the two feeding regimes. In 2006, many of the early-

released individuals that were fed a normal ration migrated slowly. 

The difference in migration speed may be explained by the difference in 

body shape between individuals in the groups fed a normal and reduced ration. 

A heavier (James & Johnston 1998; Ghalambor et al. 2004; Svendsen et al. 

2008) and more voluminous (Andraso 1997; James & Johnston 1998; 

Ghalambor et al. 2004; Svendsen et al. 2008) individual does not have the same 

speed (Andraso 1997; Ghalambor et al. 2004; Svendsen et al. 2008) as lighter 

fish. Furthermore, water temperature should influence the time spent in the 

river since migration speed is positively correlated with temperature (Moore et 

al. 1998). Moreover, the earlier release dates in 2006 may have made it necessary 

for the salmon to stay in the river to complete their smoltification before 

starting to migrate (Strand & Finstad 2007).  

Except for its influence on dominance and a fish’s propensity to migrate, 

SMR was not found to be correlated with other behaviours; no coping styles 

could be found. Similarly, Brelin et al. (2008b) could not see any correlations 

between different behaviours for brown trout. However, hatchery-raised fish 

have been used in both the study of Brelin et al. (2008b) and this investigation. 

Hatchery-raised individuals do not have the same experience as wild born fish. 

Predation pressure and other environmental factors can alter an individual’s 

behaviour as well as influence the formation of coping styles (Bell & Stamps 

2004; Bell 2005; Bell & Sih 2007; Brydges et al. 2008; Herczeg et al. 2009). 

There was no correlation between the different measurements of boldness 

in this investigation. This is in accordance with earlier studies that have shown 

that boldness is context specific (Coleman & Wilson 1998; Wilson & Stevens 

2005; Frost et al. 2007). This lack of consistency between the boldness tests 

may explain why some studies have found a correlation between boldness and 

aggressiveness (Huntingford 1976; Sundström et al. 2004), while this 

investigation did not. 
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In summary, the smolts’ decision to migrate is based both on internal 

physiological factors such as SMR and on the available food supply. When the 

amount of food available is not enough to satisfy an individuals’ energy demand 

it may seek an environment with more or better feeding resources. By giving 

fish in hatcheries less food it is possible to create a smolt that is more inclined 

to migrate and to do this at a higher speed than fish fed a normal ration. 
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