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5-HIAA  –  5-Hydroxyindole-3-acetic acid 
5-HT –  5-Hydroxytryptamine (Serotonin) 
5-HTP –  5-Hydroxytryptophan 

-MSH –  -Melanocyte stimulating hormone 
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ALDH –  Aldehyd dehydrogenase 
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EDTA – Ethylenediaminetetraacetic acid
DHBA  –  3,4-Dihydroxybenzylamine 
E  –  Epinephrine 
EDTA  –  Ethylenediaminetetraacetic acid  
HPA  –  Hypothalamus-pituitary-adrenal 
HPI  –  Hypothalamus-pituitary-interrenal 
HPLC  –  High performance liquid chromatography   
HR  –  High responder or high responding 
HSC –  Hypothalamic-sympathetic-chromaffin 
HYP  –  Hypothalamus 
IT –  Isotocin 
LR  –  Low responder or low responding 
MAO  –  Monoamineoxidase 
MCH –  Melanocyte concentrating hormone 
NAD+  –  Nicotinamide adenine dinucleotide 
NE  –  Norepinephrine 
NPY –  Neuropeptide Y 
OPT  –  Optic tectum 
PCA –  Perchloric acid 
PCPA  –  Para chlorophenylalanine  
POMC –  Proopiomelanocortin 
SOS  –  Sodium octyl sulphate
TRH –  Thyrotropin releasing hormone 
TEL  –  Telencephalon 
TH –  Tryptophan-5-hydroxylase 
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1 Introduction 

1.1 The stress response 
Stress is a concept which is widely used to describe an animal’s 
physiological response to an unfavourable change in its environment (Henry 
& Stephens, 1977; Von Holst, 1988; Ladewig et al., 1993). This change is 
often referred to as a stressor. The identification of stressors can be difficult 
because there is a continuum ranging from mild everyday events to directly 
life threatening situations that has to be considered. The question is at which 
point in this continuum a change in an animal's environment becomes a 
stressor. Furthermore, in addition to unfavourable stressors (distress) there 
are also stressors that can be positive (eustress) for the animal. Examples of 
these are the appearance of a predator or a food source. In both situations the 
animal experiences a change in its physiological status, which prepares the 
animal to cope with the new situation. One could argue that a situation can 
be considered stressful on the basis of the physiological response to that 
situation, but this argument is circular in that the stress response must be 
defined by the situation experienced. This has been the source of many 
controversies regarding the definition of stress and stressors. According to 
Selye (1952) stress can be defined as “a non-specific response of the body to 
any demand made on it”. This definition sets the lower limit for what is to be 
considered a stressor very low. But it doesn't say that all changes are 
stressors and hence the circular argument is not avoided. In addition to this 
Selye was wrong about the stress response being non-specific. The reason 
for this can be found in the following. When an animal is exposed to a 
challenge that has a negative effect on its fitness this will cause the animal to 
respond with a combination of behavioural, neuroendocrine and autonomic 
changes that aim to reduce the adverse effect of that challenge. The change 
in behaviour allows the animal to either escape or counter the challenge, 
while the autonomic and neuroendocrine response provides the animal with 
the resources needed to meet the demands of the altered behaviour as well as 
trying to maintain the physiological  homeostasis during the aversive 
situation (Moberg, 1985). It is not difficult to imagine that the behavioural 
responses are as diverse as the stressors. At least a single behavioural pattern 
is not sufficient to meet the diversity of all possible challenges. The diversity 
of the behavioural response has to reflect diversity in the response of the 
neuroendocrine system. In fact, the neuroendocrine system responds in 
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patterns characteristic for each stressor (Mason, 1968). Ideally it would be 
better not to use the terms "stress" and "stressors", but instead consider each 
environmental change and the resulting behavioural/physiological response 
pattern individually. However, these terms are convenient, which is 
emphasized by some common features in the physiological response pattern 
to aversive stimuli. The most obvious are the roles of catecholamines (CA), 
corticosteroids and brain serotonin (5-hydroxytryptamine; 5-HT). 
Catecholamines and corticosteroids are the two primary hormones, while 5-
HT is one of the primary brain neurotransmitters in the coordination of the 
response to a changing environment. I will therefore use these terms to 
describe the behavioural/physiological response ("stress") to an 
environmental change ("stressors"). The general response of catecholamines 
and corticosteroids to stress is similar in most vertebrate groups and will be 
addressed in subsequent paragraphs concerning teleost fish (1.1.1 and 1.1.2). 
The role of 5-HT in the physiological stress response and its association with 
behaviour and the endocrine stress response will be addressed in subsequent 
paragraphs concerning both terrestrial vertebrates and teleost fish (1.1.3 and 
1.4).

1.1.1 The cortisol response to stress in teleost fish 
The endocrine control of cortisol secretion in teleost fish is dominated by the 
hypothalamus-pituitary-interrenal (HPI) axis (HPI: the homologue of the 
HPA axis in mammals). This is strongly supported by the fact that 
hypophysectomized coho salmon (Oncorhynchus kisutch, Walbaum 1792) 
showed a significant reduction in plasma cortisol after handling compared to 
control fish (Young, 1993). Adrenocorticotropic hormone (ACTH) and -
Melanocyte-stimulating hormone ( -MSH) are the main candidates of the 
pituitary control of cortisol release (Wendelaar Bonga, 1997). This is 
supported by a study on Arctic charr (Salvelinus alpinus, Linnaeus 1758) 
where it was shown that the increased cortisol levels correlated positively 
with the increased levels of  -MSH and ACTH (Höglund et al., 2000). 
ACTH and -MSH are produced in different cells in the pituitary, but they 
share proopiomelanocortin (POMC) as the precursor molecule (Wendelaar 
Bonga, 1997). The secretion of these hormones is controlled by several 
factors operating on the hypothalamic level.  

The secretion of ACTH in fish, as in all higher vertebrates, seem to be to 
be under stimulatory control of the neuropeptide corticotropin-releasing 
hormone (CRH) (Fryer et al., 1985; Olivereau & Olivereau, 1990; 1991). 
Stimulatory effects on ACTH has also been reported for arginine vasotocin 
(AVT), isotocin (IT), and neuropeptide Y (NPY) (Fryer et al., 1985), while 
melanophore-concentrating hormone (MCH) seem to have an inhibitory 
effect (Baker, 1991; 1994). In the study by Höglund et al (2000) it was 
suggested that 5-HT and noradrenalin (NE) in the central nervous system 
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could play a stimulatory role in the secretion of both ACTH and -MSH. In 
teleost fish it has been well established that ACTH has a role in controlling 
the secretion of cortisol during stressful events (Donaldson, 1981). It has 
been observed that levels of ACTH increase in coho salmon (Sumpter et al., 
1986), rainbow trout (Oncorhynchus mykiss, Walbaum 1792) (Sumpter et 
al., 1986; Balm & Pottinger, 1995), brown trout (Salmo trutta, Linnaeus 
1758) (Pickering et al., 1986) and Arctic charr (Höglund et al., 2000) as a 
consequence of handling, thermal shock, confinement and subordination. 
However, there are also results indicating that ACTH does not increase as a 
result of stress (Balm et al., 1994).    

The synthesis and release of -MSH from the pituitary are under control 
of hypothalamic dopamine (DA), thyrotropin-releasing hormone (TRH), 
MCH and CRH (Wendelaar Bonga, 1997). Dopamine can be both 
stimulatory and inhibitory, and this is apparently dependant on the level 
affecting the -MSH cells. High levels of DA act inhibitory while low levels 
act stimulatory (Lamers, 1994). In goldfish (Carassius auratus, Linnaeus 
1758) NPY has been shown to have a stimulatory effect (Fryer et al., 1985), 
while MCH has proven to have an inhibitory effect in several species (Baker, 
1991; 1994; Gröneweld et al., 1995a; 1995b). -MSH seem to be 
approximately 100 times less potent than ACTH in stimulating cortisol 
secretion (Wendelaar Bonga, 1997). However, there is a substance produced 
in the pituitary neurointermediate cells that has a potentiating effect on -
MSH (Lamers et al., 1992). This substance, which has the ability to increase 
the effect of -MSH by a factor of 50, may be -endorphin (Balm et al., 
1995). Since the levels of -MSH is higher than those of ACTH in blood 
plasma of trout (Sumpter et al., 1986) it could be that potentiated -MSH
has an activity similar to that of ACTH. 

Cortisol has a wide variety of functions in fish species. The two major 
actions of cortisol are the regulation of the hydromineral balance and the 
energy metabolism (Wendelaar Bonga, 1997). The hydromineral balance is 
regulated through mineralocorticoid receptors in gill cells. It has been shown 
in trout that cortisol has a stimulatory effect on the uptake of sodium (Na+)
and chloride (Cl ) (Laurent & Perry, 1989). Moreover, the differentiation of 
chloride cells are promoted by cortisol, and cortisol cause an increase in the 
activity of Na+-Ka+-ATPase activity (Chester Jones et al., 1980; McCormick, 
1995). The functions of cortisol in energy metabolism are regulated through 
glucocorticoid receptors in the liver and intestine, where carbohydrate, 
protein and lipid metabolism is affected (Chrousos & Gold, 1992). 
Moreover, Vijayan et al. (1994) showed that cortisol stimulates the alanine 
gluconeogenesis in liver cells in rainbow trout. However, the roles of cortisol 
in energy metabolism are diverse depending on species. In another work by 
Vijayan and co-workers (Vijayan et al., 1991) it was proved that cortisol 
decreased lipogenesis and increased lipolysis in brook trout (Salvelinus
fontinalis, Mitchill 1814). The role of cortisol in the increased concentration 
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of plasma glucose during stress is inconsistent. In the marine teleost the sea 
raven (Hemitripterus americanus, Gmelin 1789) cortisol had a stimulatory 
effect on glucose production from isolated hepatocytes (Vijayan & Moon, 
1994), while this production is exclusively stimulated by catecholamines in 
salmonid fish (Randall & Perry, 1992). 

Cortisol has also proved to have an effect on the brain serotonergic 
system. In a study where rainbow trout were given an intraperitoneal implant 
containing cortisol or cortisol plus the GR antagonist RU486 (mifepristone) 
cortisol increased the chance of becoming subordinate in a size-matched 
dyadic fight (Di Battista et al., 2005). This effect was accompanied by 
significant increases of serotonergic activity ([5-HIAA]/[5-HT] ratio) in the 
telencephalon, an effect that was eliminated by simultaneous administration 
of RU486. In the hypothalamus the same treatment resulted in a decrease in 
serotonergic activity but this effect could not be reversed by RU486 (Di 
Battista et al., 2005), suggesting that cortisol can modulate behaviour of fish 
through the brain serotonergic system, and that both glucocorticoid and 
mineralocorticoid receptors are involved in this modulation. Similar results 
were obtained in a study also on rainbow trout where cortisol was given 
through the diet (Øverli et al., 2002a). Long-term (48 hours) treated fish 
showed a decrease in locomotor activity and reduced aggression towards an 
intruder, while there were no apparent effects on short-term (1 hour) treated 
fish.

1.1.2 The catecholamine response to stress in teleost fish 
The role of catecholamines (CA) in the stress response was first addressed 
by Cannon (1929) in his description of the "fight/flight" response shown by 
animals that are exposed to a threat, a response common for all vertebrate 
groups (Hart et al., 1989). The stress response in teleost fish is characterized 
by a marked and rapid (within 1-3 minutes) increase in circulating 
catecholamines (Wendelaar Bonga, 1997), and these levels are regulated 
through the hypothalamic-sympathetic-chromaffin cell (HSC) axis 
(Wendelaar Bonga, 1997). Catecholamines are released from the chromaffin 
cells (the homologue to the adrenal medulla) situated around the posterior 
cardinal vein in the head kidney (Nilsson, 1984; Fabbri et al., 1998; Reid et 
al., 1998). The release of catecholamines is primarily stimulated by an 
innervation of sympathetic nerves origination in hypothalamus. However, 
catecholamine release is also likely to be regulated by plasma cortisol (Reid 
et al., 1996), increased levels of plasma K+, CO2 and circulating 
catecholamines (Wendelaar Bonga, 1997). In mammals a release of 
catecholamines from sympathetic nerves contribute to the levels of 
epinephrine (E) and norepinephrine (NE) in the blood (Scheurink & 
Steffens, 1990), while such release does not occur in fish (Randall & Perry, 
1992). The release of catecholamines, in principle E and NE, into the blood 
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stream takes place when a situation requires an increased transport of oxygen 
and enhanced mobilization of energy substrates. The oxygen transport is 
increased by enhancing the carrier capacity of erythrocytes (Nikinmaa, 
1992a, 1992b; Thomas & Perry, 1994) as well as increasing the number of 
erythrocytes by contraction of the spleen (Randall & Perry, 1992) or a 
mitotic cell division (Soldatov, 1996). As mentioned in the paragraph about 
cortisol, catecholamines affect the release of glycogen from the liver. Studies 
on carp (Cyprinus carpio, Linnaeus 1758) and rainbow trout have shown 
that most of the glucose released originates from the glycogenolysis, while a 
smaller part (3-20%) comes from the gluconeogenesis (Janssens & 
Waterman, 1988; Mommsen et al., 1988). Another important energy 
substrate in fish is free fatty acids (FFA). The role of catecholamines in the 
mobilization of FFA is inconclusive (Sheridan, 1988, 1994). However, in a 
study by Van Raaij et al (1995) infusion of epinephrine had a stimulatory 
effect on the mobilization of FFA, while infusion of norepinephrine reduced 
the accumulation of FFA.  

1.1.3 Brain serotonergic activity  
The organization of the serotonergic system seems to be relatively similar in 
most vertebrates (Parent et al., 1984; Jacobs & Azmitia, 1992), and the 
greatest concentration of serotonergic neurons are found in the raphe nuclei 
situated in the brain stem.  Serotonergic neurons can also be found in 
hypothalamus, but to a greater extent in fish than in terrestrial vertebrates 
(Kah & Chambolle, 1983; Parent et al., 1984). From these areas the 
serotonergic neurons project to almost every part of the brain where they 
terminate either on dendrites or without making any clear cellular contact 
(Törk, 1990; Jacobs & Azmitia, 1992). This means that serotonin (5-HT) can 
have a classical role as a neurotransmitter as well as having a more 
modulatory role on more distant neurons (Fuxe & Agnati, 1991). Serotonin 
acts on a great variety of receptors. Seven 5-HT receptor families with a total 
of 14 distinct subgroups has been identified in mammals (5-HT1A,B, 5-
HT2D,E,F, 5-HT3, 5-HT4, 5-HT5A,B, 5-HT6 and 5-HT7) (Mansour et al., 1997; 
Barnes & Sharp, 1999).  

Serotonin is synthesized from the amino acid precursor tryptophan (TRP), 
and the availability of TRP is the rate limiting factor in the synthesis of 
serotonin. Unlike serotonin TRP can pass the blood-brain barrier, and is 
hydroxylated by tryptophan-5-hydroxylase (TH) into 5-hydroxytryptophan 
(5-HTP). 5-HTP is then very quickly decarboxylated by L-amino acid 
decarboxylase (AAD) into 5-hydroxytryptamin (5-HT). 5-HT is generally 
thought to be released from synaptic terminal boutons from serotonergic 
varacosities into the extra neuronal space. From here it is free to diffuse and 
activate 5-HT receptors located on the dendrites, cell bodies and presynaptic 
terminals of adjacent neurons. Serotonergic action is terminated primarily 
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via uptake of 5-HT from the synapse. This is mediated by the specific 
monoamine transporter for 5-HT, the 5-HT reuptake transporter, on the 
presynaptic neuron. Back into the presynaptic bouton free 5-HT is converted 
to 5-hydroxyindoleacetic acid (5-HIAA) by monoamineoxidase (MAO), 
which is located on the surface of mitochondria, in the presence of aldehyd 
dehydrogenase (ALDH). MAO is an enzyme that mediate the catabolism of 
primary, secondary and tertiary monoamines where the amine is attached to 
a free hydrocarbon chain (Berry et al., 1994). In mammals there are two 
different forms of MAO present (MAO-A and MAO-B). Each form of MAO 
has preferential substrates and inhibitor sensitivities. Serotonin is catabolized 
by MAO-A, while MAO-B has 2-phenylethylamine, benzylamine and 
aliphatic amines as substrates. Both norepinephrine and dopamine is 
catabolized by both forms of MAO (Berry et al., 1994). By contrast, all 
experiments carried out on teleost fish have shown that the MAO activity is 
due to a single form of MAO (Berry et al., 1994), which in trout has been 
confirmed to be different from both MAO-A and MAO-B (Chen et al., 
1994). However, it has been shown that MAO activity in liver and brain 
tissue of pacu (Piaractus mesopotamicus, Holmberg 1887) is more 
effectively inhibited by clorgylin than deprenyl, which indicates that MAO 
in fish is similar to the type A enzyme (Salles et al., 2001). 

The serotonergic activity is defined as the rate of 5-HT release from the 
pre-synaptic neurons. This rate of release is not possible to measure directly 
from brain homogenates as these will also include 5-HT stored in vesicles. 
The serotonergic activity is therefore assessed by also measuring the 5-HT 
metabolite 5-HIAA. Ideally, an increase in 5-HT release will be mirrored by 
an increase in 5-HIAA. However, it has been shown that the availability of 
tryptophan (TRP), the precursor of 5-HT, is important in both synthesis and 
neurotransmission of 5-HT (Boadle-Biber, 1993; Aldegunde et al., 2000). 
The basic levels of 5-HT, its release and consequently 5-HIAA levels are 
therefore partly dependant on the availability of TRP. To be able to isolate 
the effect of neurotransmission caused by action potentials reaching the pre-
synaptic bouton, the serotonergic activity is often expressed as the ratio 
between 5-HIAA and 5-HT (Shannon et al., 1986). However, this ratio can 
be influenced by more than just the 5-HT release. In addition to the 
availability of TRP, an increase in the reuptake of 5-HT from the extra 
cellular space as well as an increased activity of MAO can result in a higher 
ratio of 5-HIAA/5-HT. Free 5-HT in the pre synaptic neuron can also be 
stored in vesicles before they are metabolized by MAO, and there are indices 
that 5-HT can leak from these vesicles (Sharman, 1969; Di Giulio et al., 
1978). This will also affect the 5-HIAA/5-HT ratio. However, all these 
modulatory actions affecting the 5-HIAA/5-HT ratio is thought to be 
overshadowed by the increased release of 5-HT following a severe stressor, 
which should make this ratio a good estimation of the serotonergic activity. 
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The serotonergic activity has been associated with several functions 
mediated by the central nervous system. In addition to the stress response 
these include sleep, arousal, feeding and motor activity (Rueter et al., 1997). 
There are numerous studies showing that animals subjected to various 
stressors experience an increased turnover of 5-HT in various parts of the 
brain (Bliss et al., 1972; Morgan et al., 1975; Chaouloff et al., 1999). In an 
early experiment on rats (Rattus norvegicus, Berkenhout 1769) Morgan et al. 
(1975) showed that immobilization stress caused increases of 5-HT turnover 
in cerebral cortex, brainstem, striatum and hippocampus but not in the 
diencephalons. In yet another study on rats Blanchard et al. (1991) showed a 
similar increase in the preoptic area, amygdala, hippocampus, spinal cord 
and the entorhinal cortex of socially subordinate individuals. Interestingly, a 
study on rats subjected to a forced swimming test showed an increase in 5-
HT turnover in the raphe nuclei and amygdale but not in the dorsal raphe 
nuclei. The same test also revealed a decrease in brain 5-HT turnover in the 
ventral hippocampus and medial prefrontal cortex (Adell et al., 1997). 
However, most studies show that stressors increase the serotonergic activity 
in both fish (Winberg et al., 1992b; Winberg & Nilsson, 1993a; Ortiz & 
Lutz, 1995) and terrestrial vertebrates (Chaouloff et al., 1999).  

The increase in brain serotonergic activity during stress has been linked to 
several behavioural responses (Bohus et al., 1990; Edwards & Kravitz, 
1997). Olivier and Mos (1992) showed that administration of agonists for the 
5-HT1A, 5-HT2 and 5-HT1C receptors, non-selective 5-HT agonists and the 5-
HT3 antagonist all reduced aggression in male and female rats. The 5-HT1A
receptor agonist also result in elimination of defensive burying in a shock 
probe test, a dose-dependent decrease of rearing, induction of hyperphagia 
and increased open-arm activity in an elevated plus-maze (Barf et al., 1996). 
It has also been found that aggressive behaviour in chickens is triggered by 
low levels of serotonergic neurotransmission (Van Hierden et al., 2004). 
However, the body of studies on serotonin's specific site of action with 
regard to different stressors does not provide a conclusive answer 
(Chaouloff, 2000). This could mean that other environmental factors, in 
addition to the stressor, modulate the 5-HT response to stress. In studies on 
fish it has been shown that high levels of aggression and dominance is 
accompanied by low levels of central 5-HT compared to less aggressive and 
subordinate individuals (Winberg et al., 1991; 1992a; 1993; Winberg & 
Nilsson, 1993b; Winberg et al., 1996; Øverli et al., 1998). The association of 
behavioural stress responses with neuroendocrine and brain serotonergic 
activity in fish will be addressed in more detail in section 1.4. 

There are also evidence for an effect of central 5-HT on the sympathetic 
nervous system, the release of adrenal catecholamines and the activity of the 
HPA-axis (Chaouloff, 1993). Similar effects was found by Fritsche et al. 
(1992) in a study on rainbow trout where serotonin was injected intra-
arterially. This treatment resulted in a significant increase in both plasma E 



14

and NE. Measurements of blood pressure and blood gases in fish treated 
with serotonin and serotonin in combination with the serotonergic receptor 
antagonist methysergide suggested a vasoconstriction of the branchial 
vasculature and an impaired gas transfer. It was concluded that exogenous 
serotonin exerts direct action on receptors within the branchial and systemic 
vasculatures, indirect action on ganglionic receptors, and stimulates 
catecholamine release from adrenergic nerves and/or chromaffin cells. In a 
subsequent study it was shown that serotonin has a direct impact on the 
chromaffin cells by interacting with methysergide-sensitive receptors to 
initiate the release of adrenaline (Fritsche et al., 1993). 

1.2 Stress coping strategies 
The behavioural response to an aversive stimulus serves to reduce the impact 
of the stimulus subsequently leading to a reduction in the physiological 
stress response (Weiss, 1968). This kind of behaviour is called coping and is 
defined as “any behavioural response that aims at reducing the effect of 
aversive stimuli on fitness or physiological measures related to fitness” 
(Wechsler, 1995). So far this definition is identical to that of the stress 
response, but it becomes a strategy when the behavioural response to a 
stressor is consistent over time as well as across situations. This means that 
when an animal is subjected to a stressor it responds with a certain 
behavioural pattern each time this stressor appears, and that it will respond in 
the same manner to different kinds of stressors. This is of course a fact with 
great modifications. The aspect of experience/learning for example will 
modify the behavioural response to a reoccurring stimulus. This is pointed 
out by Mason (1975a; 1975b) that showed that the HPA-axis is not 
necessarily activated in animals exposed to a classical stressor such as heat 
when the stimulus is not novel to the animal. This indicates that there is a 
psychological aspect in addition to the physical affect of the stressor that 
influences the stress response. However, several studies on vertebrates 
(including teleost fish) have shown that at least two different behavioural 
response patterns to a stressor may be distinguished within a population 
(Henry & Stephens, 1977; Clark & Ehlinger, 1987; Wilson et al., 1994; 
Gosling, 2001). These patterns are apparent as a bimodal distribution along a 
proactive-reactive (often referred to as active-passive) coping style gradient, 
and they are often associated with physiological responses that show a 
similar distribution (Bohus et al., 1987; Koolhaas et al., 1999; 2001). The 
proactive strategy is behaviourally distinguished from the reactive strategy 
by higher levels of aggression, higher degrees of active avoidance and 
routine formation, fewer cases of conditioned immobility, cue dependency 
and lower flexibility (Koolhaas et al., 1999). These traits appear to be 
adaptive as they to a great extent are consistent over time as well as across 
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situations (Lyons et al., 1988; Benus et al., 1991a; Lawrence et al., 1991; 
Van der Kooij et al., 2002). The adaptive value of these differences was 
shown in a recent work by Dall (2004) where bold males and shy females of 
the Great tit (Parus major) apparently flourish after winters when food is 
abundant, while shy males and bold females profit from meagre winters. 
Furthermore, this was also shown in a study where the fitness of Great tit 
offspring was related to their parents' coping strategy (Dingemanse et al., 
2004). This study also showed that the selection pressure on these two 
coping strategies changed between years. This is an obvious advantage for a 
population that has to cope with fluctuations in environmental factors. 

Incorporated into the concept of stress coping strategies are also the 
characteristics of the physiological stress response. Physiologically the 
proactive stress response is characterized by a larger activation of the HSC 
axis, while the reactive response is accompanied by a larger HPA axis 
reactivity (Korte et al., 1992; Koolhaas et al., 1999). These physiological 
aspects together with the behavioural traits described in the previous 
paragraph have been the framework for identifying the presence of stress 
coping strategies in populations of several mammal species. Such consistent 
and divergent behavioural patterns has been linked to corresponding 
physiological responses in mice (Mus musculus domesticus, Linnaeus 1758) 
(Benus et al., 1991a), rats (Bohus et al., 1987), pigs (Sus scrofa) (Hessing et 
al., 1994; Ruis et al., 2000), tree shrews (Tupaja belangeri) (Von Holst, 
1986), rhesus monkeys (Macaca mulatta) (Suomi, 1991) and humans (Homo
sapiens) (Ursin, 1980). 

1.3 consistent behavioural patterns in fish 
Several studies have shown that there is a correlation between different 
behavioural responses to challenging situations in fish (Budaev, 1997a, 
1997b; Budaev & Zhuikov, 1998; Budaev et al., 1999a, 1999b). Budaev et 
al. (1999b), for example, found that individuals of the convict cichlid 
(Archocentrus nigrofaciatum, Günther 1867) differed in several aspects of 
their parental care. These differences were found to correlate with individual 
behavioural differences in situations involving novelty, risk and aggression. 
Furthermore, a study on brown trout showed that individuals classified as 
bold, based on their willingness to inspect a novel object, had an advantage 
in dyadic fights with conspecifics classified as shy (Sundström et al., 2004). 
Moreover, it has been shown that the learning ability of rainbow trout is 
greater in bold individuals compared to shy ones (Sneddon, 2003). And 
finally, Øverli et al. (2004) found that rainbow trout that spent shorter time 
to resume feeding after transfer to visual isolation were more aggressive than 
individuals that spent a longer time before the resumption of feeding. 
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In other cases behavioural responses to challenging situations have been 
found to be consistent over time but not to correlate between contexts 
(Coleman & Wilson, 1996). In a study by Francis (1990) it was shown that 
there was a correlation between different aspects of aggression in the Midas 
cichlid (Cichlasoma citrinellum, Günther 1864) and that these behavioural 
profiles were consistent over time. However, these behavioural traits did not 
correlate with social rank within the group. This suggests that behavioural 
traits are context specific and do not exist as a general "shy-bold" 
continuum.  

Contrary to this, it has been found in several fish species that a consistent 
behavioural response to a challenge correlates with another behavioural trait. 
Huntingford (1976; 1982) found that the intraspecific aggressive behaviour 
during the breeding season varies within populations of three-spined 
sticklebacks (Gasterosteus aculeatus, Linnaeus 1758), and the level of 
aggression shown by the individual fish was a consistent trait that correlated 
with the boldness shown towards a predator. In another study on the three-
spined stickleback, behaviour was found to be consistent within and between 
two different contexts. Individuals that resumed feeding fast after exposure 
to an aerial model predator also showed low shoaling tendencies, while high 
shoaling individuals resumed their feeding after a longer period of time 
(Ward et al., 2004). Similar results have been obtained in a study on the 
goldeneye cichlid (Nannacara anomala, Regan 1905). Individuals were 
classified as either bold or cautious on the basis of how much they inspected 
a model predator in the presence of their own mirror image. When bold 
individuals were placed in dyadic pairs they showed a faster escalation in 
mouth wrestling compared to the pairs of cautious individuals. The same 
dyadic interactions were repeated 3 months later with the same outcome 
(Brick & Jakobsson, 2002). These "personality" traits have also been 
observed in salmonid fish. Cutts et al. (2001) found a positive association 
between aggression and consistent competitive ability in Arctic charr.  

1.4 Does stress coping strategies exist in fish?
In an early study Huntingford (1976) suggests that common physiological 
mechanisms control territorial aggression toward conspecifics and boldness 
toward predators in the three spined stickleback. The consistency of a 
divergence in such physiological mechanisms paired with a consistency of a 
divergence in behavioural responses to stress is crucial in the identification 
of different stress coping strategies. There are numerous studies on fish 
showing a link between physiological and behavioural traits that resemble 
the characteristics found in proactive and reactive coping mammals. More 
scarce are the studies showing a divergent behavioural response to a stressor 
that is correlated with a divergent physiological stress response. However, 
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such divergences have been demonstrated in rainbow trout. Van Raaij et al. 
(1996) showed that individuals which actively tried to avoid hypoxia also 
had high levels of catecholamines and low levels of plasma cortisol, while 
the opposite was the case for individuals which responded passively to the 
hypoxic situation. These responses in the HSC (catecholamine response) and 
HPI axis (cortisol response) are comparable to those of previous studies on 
proactive and reactive rodents (de Boer et al., 1990). However, different 
stress coping strategies in this species cannot be identified because the study 
does not demonstrate any consistency in these behavioural and physiological 
traits. The most convincing studies in mammals that have demonstrated such 
consistencies have been carried out on strains selectively bred on the basis of 
a divergence in a phenotypical trait. Mice that have been bred on the basis of 
their aggression towards a conspecific have resulted in two lines differing in 
their attack latencies. It has been shown that individuals with long attack 
latencies (LAL) and short attack latencies also differ in several other 
behavioural responses to environmental changes (Benus et al., 1991b; 
Sluyter et al., 1995; Sluyter et al., 1996; Hogg et al., 2000). These lines of 
mice also differ in several physiological traits such as the cortisol response 
to a novel stressor (Van Riel et al., 2002), 5-HT-induced membrane 
hyperpolarization (Van Riel et al., 2002), basal and stress-induced regulation 
of the HPA-axis (Veenema et al., 2003) and brain 5-HT metabolism 
(Veenema et al., 2004). A homologue to these strains of mice exists in 
rainbow trout. At the Centre for Ecology & Hydrology (CEH) in 
Windermere (UK) two strains of rainbow trout has been created by selective 
breeding of individuals that show either a consistently high or a consistently 
low cortisol response (HR or LR) to a standardized stressor (Pottinger & 
Carrick, 1999). Studies on these strains have shown that they differ in 
behaviour as well as brain serotonergic activity. When LR individuals was 
paired with size-matched HR individuals in dyadic fights for dominance fish 
from the LR line were identified as dominant in significantly more trials than 
were HR individuals (Pottinger & Carrick, 2001b). In another study HR 
individuals showed higher levels of locomotor activity in the presence of a 
smaller conspecific intruder compared to fish from the LR line. In addition 
the LR fish resumed feeding to a larger extent than HR fish when transferred 
to isolation (Øverli et al., 2002b). Moreover,  Øverli et al. (2001) showed 
that LR fish had a larger stress induced increase in the 5-HT turnover in 
several brain areas compared to HR fish. These studies show that a 
consistent divergence in the cortisol response to stress corresponds with a 
divergence in other physiological traits as well as a divergence in behaviour. 
This has led to the hypothesis that the selective breeding of stress 
responsiveness in the rainbow trout population in Windermere has in fact 
been a selection based on stress coping strategies. The studies mentioned in 
this paragraph certainly points in that direction, but there are some pieces of 
the puzzle we need to get in place before the picture is complete. We do not 
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know if the catecholamine response to stress differs between these two 
selection lines. We do not know whether the differences observed in 
behavioural responses to stress are consistent traits. The results obtained so 
far on the brain serotonergic activity in these lines are somewhat 
inconclusive. One example of this is the fact that 5-HIAA levels in the brain 
stem were significantly affected by confinement stress in HR fish but not LR 
fish indicating a higher serotonergic turnover in HR fish. Contrary to this the 
5-HIAA/5-HT ratio was higher in LR fish indicating that the serotonergic 
turnover was larger in this line (Øverli et al., 2001). Moreover, Øverli et al 
(2001) suggests that the fish was not properly acclimated prior to the 
experiments as is suggested by the relatively high cortisol levels in the 
control fish. This means that the relationship between the cortisol, 
catecholamine and brain serotonergic response to stress in these two 
selection lines has not yet been fully disclosed. 

1.5 Objectives 
The first aim of this thesis has been to reveal the nature of the brain 
serotonergic activity and the plasma catecholamine response to stress in HR 
and LR rainbow trout (Paper III). The second aim has been to find out if any 
stress related behavioural differences between these two selection lines show 
any consistency which can be assigned to a difference in stress coping 
strategies (Paper I and II). The third aim of this thesis has been to find out if 
the variation in physiological and behavioural stress responses within a non-
selected population of rainbow trout shows any consistency. If this is the 
case then the question is whether or not these traits correlate to in such a way 
that they fit into the definition of stress coping styles (Paper IV).  
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2 Materials and Methods 

2.1 Locations and experimental animals 
The studies in paper I, II and III were carried out at the fish holding facilities 
of the Centre for Ecology & Hydrology, Windermere, UK. The experimental 
fish in paper I and III were adult (1 year old) rainbow trout (both sexes) of 
two F2 lines divergent for the plasma cortisol response to a standardized 
stressor (confinement). This divergence had been obtained by selective 
breeding of fish with either consistently high or consistently low post-stress 
cortisol values in the F0 generation (Pottinger and Carrick, 2001). The F2 
lines were obtained by an individual-within-family selection in the F1 
generation. The experimental fish in paper II were juvenile (0+) rainbow 
trout (both sexes) of the F3 generation and similarly they were obtained by 
an individual-within-family selection in the F2 generation. Prior to the 
experiments the high and low responsive (HR and LR) fish in paper I, II and 
III were maintained separately in circular glass fibre outdoor holding tanks 
(1000 l), each supplied with 25 l/min flow-through of lake water at ambient 
temperature (paper I and III: 11.3 ± 0.1°C; paper II: between 12 C and 
14 C). All these fish were hand fed a commercial diet (Paper I and III: 
Trouw Standard Expanded 40, paper II: Skretting Excel 30 for fingerlings) 
three times per week at the manufacturer’s recommended rate. The mean 
body weight and length of the fish did not differ between the two selection 
lines in any of these three studies. In paper I the body weight ranged from 
188 to 292 g (mean ± SD: 239 ± 28 g, n=150), while the body length ranged 
from 22.5 to 26.1 cm (mean ± SD: 24.3 ± 1.0 cm, n=150). In paper II the fish 
ranged from 20.2 to 40.3 g in weight (mean 29.9  4.2 g, n=40) and from 
12.9 to 15.5 cm in length (mean 14.1  0.5 cm, n=40). In paper III the 
weight ranged from 121.0 to 233.4 g (mean  SD: 168.5  26.6 g, n=120), 
while the length of the fish ranged from 22.1 to 26.3 cm (mean  SD: 24.2 
1.2 cm, n=120). 

The experiments in paper IV were carried out at the fish behaviour 
laboratory at the Evolutionary Biology Centre (EBC), Uppsala University, 
Sweden. The experimental fish in this study came from an unselected line 
obtained from Näs hatchery in Kopparbärgs län, Dalarna, Sweden. The fish 
were transported to EBC in continuously aerated water tanks. Prior to the 
experiments the fish were maintained in grey glass fibre holding tanks (2000 
l), supplied with 5 l/min flow-through of Uppsala tap water (14-16 C),
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where they were fed on a commercial diet (Ewos ST40) once a day at the 
manufacturers recommended rate. The fish were acclimated to these 
conditions for at least 3 weeks before they were transferred to the 
experimental set-up. The experimental fish ranged from 108.8 ± 16.2 g 
(mean ± S.D., n=32) in weight. 

2.2 Experimental conditions and procedures 
2.2.1 The home environment 
Prior to all the experiments the fish were maintained in large holding tanks 
containing 200-400 individuals. These tanks had a continuous water supply 
of at least 0.2 litres per kilo fish per hour as recommended by Sprague 
(1973), and the maximum density of fish was 0.02 kilo per litre. Prior to the 
experiments fish were transferred from these holding tanks to a new 
environment where they were allowed to acclimate (home environment). 
The experiments were either a challenge presented in their home 
environment or in an unfamiliar environment. At the start of each 
experiment (except from paper III) fish were randomly chosen and 
transferred to a home aquarium. The fish in paper III were directly 
transferred from the holding tanks to a confinement challenge (described in 
section 2.2.2). The experimental fish in paper II and IV were individually 
isolated, while the fish in paper I were interacting in groups of 30 individuals 
in their home environment. The home environment of the fish in paper I was 
a circular, grey glass fibre tank that measured 1.5 meters in diameter and had 
a water level of 25 cm. Black tape was used to create a grid pattern (49 
squares) on the floor in each tank. The fish in paper II were individually 
isolated in compartments measuring 22 cm in width, 30 cm in depth and 
with a water level of 32 cm. Both these home environments were 
continuously supplied with Windermere lake water (paper I: 10 l/min, paper 
II: 1 l/min) at ambient temperature. In paper IV the home environment was a 
compartment measuring 23 cm in width, 47 cm in depth and with a water 
level of 40 cm. These compartments were continuously supplied with 
Uppsala tap water (0.8 l/min, 8-10 C). The experiments in paper I and III 
were carried out outside and the light/dark regime therefore followed the 
natural daily rhythms in north England between November 28th and 
December 10th, while it was controlled and adjusted to 12:12 hours 
light/dark in paper II. In the experiment carried out in Uppsala (paper IV), 
the light/dark regime was automatically controlled and adjusted to conditions 
at latitude 51 N.
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2.2.2 Plasma cortisol and catecholamine responses to 
confinement
In the experiments conducted in Windermere two different types of 
confinement boxes were used on the account of the fish differing 
considerable in size. In paper I and II the experimental set-up consisted of 20 
grey PVC confinement boxes (50 litres) continuously supplied with water 
(15 l/min) from Windermere. A rectangular basket of stainless steel mesh 
was suspended inside the boxes in order to reduce the volume of water 
available to the fish to 10 litres. Each box had an opaque lid weighted down 
with a stone. In paper III the confinement set-up consisted of four 
rectangular black polypropylene boxes (17 cm x 11 cm with a water level of 
3 cm) continuously supplied with lake water (0.5 l/min). Each box had a lid, 
which could be fitted tightly and had a small hole where an anaesthetic 
solution could be administered. The experimental fish were individually 
transferred to the confinement boxes. Transfers were staggered to allow time 
for sampling. The fish were held in the confinement boxes for 30 minutes 
(paper I), 1 and 3 hours (paper II) or 1 hour as in paper III before they were 
anaesthetised by transfer to a solution of 2-phenoxyethanol (1:2000; paper 
II) or by adding the anaesthetic to the confinement boxes (paper III). When 
the fish were anaesthetized a blood sample were collected from the caudal 
vein (approximately 0.2 ml) and immediately centrifuged (at 5000 rpm for 1 
minute) to separate the blood cells from the blood plasma. Samples of blood 
plasma were subsequently isolated and frozen in liquid nitrogen. After this 
the samples were kept frozen at –80 C for later analyses of plasma 
catecholamines and cortisol (described under section 2.2.7).

2.2.3 Behavioural response to a novel environment or object 
In these experiments all the fish were exposed individually. In the 
Windermere experiment (paper II) the fish were exposed to two different 
novel environments, a novel object and a resident-intruder test (described in 
section 2.2.5). The first environment consisted of four identical brightly lit 
aquaria (60 cm x 30 cm with a water level of 34 cm). Light was provided by 
four fluorescent tubes (100 W), which were placed behind the aquaria. The 
walls of the aquaria, except for the one facing forward, were covered in 
white paper in order to create an evenly lit background. The aquaria were 
continuously supplied with lake water (1 l/min) at ambient temperature. The 
behaviour of the fish were recorded on video during 12 minutes immediately 
succeeding the transfer to this environment, and the distance swum by each 
fish was calculated for 6 consecutive 2-minute periods by the PC program 
Etho-Vision 3.0 (Noldus Information Technology by The Netherlands). The 
second environment consisted of a grey glass fibre channel (7.0 m long, 36 
cm wide). The water level in the channels increased from 20 cm at the top of 
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the channel (inflow) to 25 cm at the outflow. The channel was continuously 
supplied with lake water (10 l/min) at ambient temperature. The fish were 
left with a choice of staying or leaving a cage at the end of the channel after 
10 minutes of acclimation to the cage. The fish were observed for 30 
minutes and the time the fish spent in the cage before swimming out was 
measured. The novel object presented to the fish in the Windermere 
experiment was a red cube (1cm3) attached to a PVC-rod. The behaviour of 
the fish was recorded on video 5 minutes prior to and 15 minutes subsequent 
to the introduction of the novel object into the home environment. From the 
video recordings the time spent moving was measured and presented in 5-
minute intervals.

In the Uppsala experiment (paper IV) the fish were exposed to a novel 
environment that consisted of an aquaria 4 times as big as the home aquaria, 
which were also more strongly lit (2 x 30-W Lumilux daylight fluorescent 
tubes). Following 1 hour in this unfamiliar environment fish were rapidly 
netted and anaesthetised in 500mg/l ethyl-m-aminobenzoate methanesul-
phonate. Blood (approximately 0.2 ml) was collected from the caudal 
vasculature with a heparinized syringe and kept on ice. Following 
centrifugation at 27000 g for 10 min, plasma aliquots were frozen and kept 
at -80 C until the analysis of cortisol (described under section 2.2.7). 

2.2.4 Locomotor activity in HR and LR fish interacting in groups 
150 fish were randomly selected from each F2 line and distributed among 10 
observation tanks resulting in five tanks containing 30 HR fish and five 
tanks containing 30 LR fish (paper I). The fish were allowed to acclimate for 
two weeks prior to the experiments, making these tanks their home 
environment (described in section 2.2.1). During this period the fish were 
fed three times per week. After the acclimation period the activity of the fish 
was subsequently videotaped for one minute in all 10 tanks alternating 
between HR and LR groups. This procedure was repeated until 10 one-
minute periods were videotaped in all tanks. The entire recording of activity 
took place within a five-hour period during the middle of the day. From the 
video recordings the activity was quantified using the number of visits by 
fish to each square in the grid on the floor of the tanks. A square was 
considered visited when the entire head of a fish had entered the square. 

2.2.5 Aggression – Intruder test and dyadic interaction 
The level of aggression of the experimental fish in paper II, III and IV was 
determined by introducing a small conspecific (approximately 50% of the 
body weight of the resident fish) into the compartment (home environment) 
of each individual resident fish. The behaviour of these pairs was recorded 
on video for one hour before the intruder was removed. Each intruder was 



23

only used once. From the video recordings, latency to the first attack, and the 
number of aggressive acts performed by the resident fish during the 30 
minutes succeeding the first attack was recorded. None of the intruder fish 
used in this study performed any aggressive acts during the experiments. In 
paper IV the outcome of dyadic fights were tested between fish with a 
divergence in post-stress plasma cortisol. Only 12 out of 16 possible pairs 
could be created in order to get a satisfactory difference in the cortisol 
response in combination with a small difference in weight. In order to 
identify each of the paired individuals, they were marked with a small cut 
either in the upper or lower part of the caudal fin. Prior to social interaction 
the fish were reared in social isolation in neighbouring individual 
compartments of “the home aquaria” for 24 h. After that the partition 
separating these individual compartments were removed and the fish were 
allowed to interact in pairs until a clear dominant/subordinate relationship 
had been established. This is seen when the aggressive acts become 
unidirectional and the fish receiving the attacks retreats to the bottom corner 
of the aquarium (Øverli et al., 1998).  

2.2.6 Resumption of food intake subsequent to transfer 
The fish were fed with commercial feed (EWOS ST40) once a day until 
satiation (paper IV). During the first 6 days after transfer to social isolation, 
individual food intake was quantified by counting the number of pellets 
consumed. For quantification of food intake, individual fish were fed with 
one pellet at the time until the fish rejected three pellets in a row. Pellets that 
were not consumed were removed from the aquarium. 

2.2.7 Assays 
Cortisol
The concentration of plasma cortisol in blood samples collected during the 
experiments in paper I, II and III was analysed in ethyl acetate extracts using 
the radioimmunoassay described by Pottinger & Carrick (2001).  

A second method for analysing plasma cortisol was used in paper IV. 
Here the concentration of cortisol was analysed directly on blood plasma 
using a radioimmunoassay described principally by Olsen et al. (1992) and 
modified by Winberg and Lepage (1998). Plasma samples were diluted 
threefold with 0.1 M phosphate buffer containing 1% bovine serum albumin 
(BSA) and 0.1 % NaN3. Standards were prepared by diluting hydrocortisone 
(SIGMA H 4001, St. Louis, MO) in the same buffer used for diluting plasma 
samples. Standard concentrations were 1.56, 3.12, 6.25, 12.5, 25 and 50 
ng/ml. 20 l of plasma sample (or standard solutions) was added to assay 
tubes containing 250 l of a NaOH/TCA (15.0 g/l and 4.5 g/l respectively) 
solution to prevent cortisol from binding to proteins. Then 250 l of the 
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tracer 1,2,6,7[3H] cortisol (diluted in a phosphate buffer containing 0.2% 
bovine serum albumin and 0.1 % NaN3) and 250 l of antiserum (345-Fish 
cortisol, Lot 345-102280, Endocrine sciences Products) were added to each 
assay tube. After 1 hour incubation in room temperature, this solution was 
further incubated overnight at 4 C. Subsequent to this incubation 500 l of a 
charcoal/dextran solution was added to the assay tubes to separate free and 
bound tracer and then a new incubation was carried out on ice for exactly 30 
minutes. Following this incubation the assay tubes were centrifuged at 4400 
rpm for 10 minutes, and the supernatant transferred to a scintillation vial 
with 15 ml scintillation fluid (Zinser Analytic, Frankfurt, Germany) and 
counted in a Liquid Scintillation Analyzer (Tri Carb 1900 CA).

Catecholamines
In paper III catecholamines were analysed by adding 150 l of blood plasma 
to a 450 l 4% perchloric acid solution containing 20 ng DHBA/ml as 
internal standard. This mixture was then centrifuged at 10 000 g for 10 
minutes after which the supernatant was used for analyses. Concentrations of 
epinephrine (E) and norepinephrine (NE) were quantified by high pressure 
liquid chromatography (HPLC) with electrochemical detection (ED). During 
the catecholamine analysis, the HPLC system was run on a mobile phase 
(pH 3.0) containing 10.35 g/l NaH2PO4, 0.33 g/l Sodium Octyl Sulphate 
(SOS), 0.0037 g/l EDTA (HPLC quality) and 70 ml/l Acetonitril.  

Brain monoamines 
Prior to analysis the brain samples were weighed and homogenized in a 400 

l sodium phosphate buffer (pH 7.5) either by sonication (telencephalon and 
hypothalamus) or using a Potter-Elvheim homogenizer (optic tectum and 
brain stem). The homogenates were then split in two equal volumes. One 
part was immediately frozen on dry ice and stored at -80 C, while to the 
other part was added 200 l 8% perchloric acid (PCA) containing 20 ng 3,4-
dihydroxybenzilamine (DHBA)/ml as an internal standard. The samples 
were then centrifuged at 10 000 g for 10 minutes at 4 C after which the 
supernatants were used for analysis. Concentrations of 5-HT and 5-HIAA 
were quantified by high performance liquid chromatography (HPLC) with 
electrochemical detection (ED) as described by Øverli et al. (1999). The 
TRP concentration was also quantified using HPLC with ED but as 
described by Lepage et al. (2002).  

Monoamineoxydase (MAO) activity 
The MAO-activity (mol 5-HIAA/g tissue minute) was assayed with 
serotonin as the substrate (Tottmar et al., 1989). The frozen brain samples 
were thawed on ice and diluted with four parts of 50 mM Na+-phosphate 
buffer (pH 7.5). Aliquots (0.1 – 0.2 ml) of the homogenates were added to 
10 ml serum bottles containing 50 mM K+-phosphate buffer (pH 7.5), 0.5 
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mM NAD+ and an excess of purified rat liver aldehyd dehydrogenase 
(ALDH) (Tottmar et al., 1978) in a total volume of 1 ml. After temperature 
equilibration at 37 C, serotonin (100 µM) was added. The reaction was 
terminated after 30 minutes by the addition of 0.3 ml 16% (w/v) PCA. The 
samples were centrifuged for 5 minutes (1 000 x g, 4 C) and the 
supernatants were stored at -80 C prior to quantification of 5-HIAA 
concentration by HPLC with ED. 
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3 Results and Discussion 

3.1 Physiological stress responses in HR and LR fish 
3.1.1 The cortisol response 
Paper I – III in this thesis deals with two selection lines of rainbow trout that 
differs in their stress responsiveness. These lines were created by selective 
breeding of individuals showing consistently low or consistently high levels 
of plasma cortisol as a response to a confinement stressor (Pottinger & 
Carrick, 1999). This has been possible because post stress plasma cortisol is 
a heritable trait in rainbow trout (Fevolden et al., 1999),  which has been 
confirmed in the continuation of these lines. The same divergence in stress 
responsiveness is demonstrated in the F1 (Pottinger & Carrick, 2000; Øverli 
et al., 2002b), F2 (Pottinger & Carrick, 2001b; Paper I) and F3 (Trenzado et 
al., 2003; Paper III) generations. So far it remains unclear how this 
difference in cortisol response is attained. However, Pottinger & Carrick 
(Pottinger & Carrick, 2001a) showed that a difference in the cortisol 
response of HR and LR fish was not mirrored by a difference in the increase 
of ACTH levels in the pituitary. When the release of ACTH was blocked the 
cortisol response to stress was significantly lowered, but still significantly 
different, suggesting that the modulation of cortisol responsiveness in these 
selection lines occurs somewhere downstream of the hypothalamus-pituitary 
axis.

3.1.2 The catecholamine response 
As mentioned in the introduction, the consistency in the divergence of HPI-
axis reactivity is one of the key elements in defining the divergent stress 
coping strategies that has been described in mammals. The catecholamine 
response and the brain serotonergic turnover in response to stress are two 
other key elements (Koolhaas et al., 1999; Koolhaas et al., 2001). The results 
in paper III show that LR fish respond to handling stress with a significantly 
greater increase in plasma epinephrine (E) compared to the HR fish. The 
norepinephrine (NE) levels also increased to a larger extent in LR fish as a 
result of handling, but there were no significant differences between the two 
selection lines. There were no significant differences in either E or NE 
between HR and LR fish after the confinement periods of 1 or 3 hours either, 
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but the mean E and NE levels were always (a total of 6 cases) higher in LR 
fish compared to HR fish. This strongly indicates that a low increase in 
cortisol is accompanied by a large increase in catecholamines and vice versa 
in these lines of rainbow trout when they are exposed to a stressor. These 
results are in agreement with van Raaij et al. (1996) who demonstrated the 
same relationships in two groups of rainbow trout differing in their 
behavioural response to hypoxia. This means that two key factors defining 
the different stress coping strategies in mammals are also present in rainbow 
trout. Before we explore the association between these physiological factors 
and the behavioural responses to stressors in the HR and LR fish, the brain 
serotonergic activity in these lines will be considered.  

3.1.3 The serotonergic activity 
The results in paper III show that the brain serotonergic activity increased as 
a response to stress in all parts of the brain investigated (brain stem, 
telencephalon, optic tectum and hypothalamus) in both HR and LR fish of 
the F2 generation. This is in agreement with the results Øverli et al. (2001) 
obtained from the brain stem (BST) and telencephalon (TEL) of HR and LR 
fish of the F1 generation. However, this study did not reveal any stress 
related changes in brain serotonergic activity in hypothalamus (HYP) and 
optic tectum (OPT). The reason for this could be that the fish from the F1 
generation were already stressed before they were confined. This is 
supported by the relatively high levels of plasma cortisol in control fish 
compared to the control fish in paper III in this thesis. The levels of 5-HT 
were also much higher (2-3 times as high) in both control and confined fish 
in the study of Øverli et al. (2001) compared to paper III. This indicates that 
the synthesis of 5-HT had increased in the study on F1 fish prior to the 
treatment. The 5-HIAA/5-HT ratio is approximately the same in these two 
studies, which means that the 5-HT release was higher in fish from the F1 
generation compared to the fish in our study. This could mean that the 
capacity of 5-HT release from neurons in OPT and HYP in these fish was 
almost reached, which could explain why an increase in 5-HT turnover was 
not seen by Øverli et al. (2001). Our study (paper III) also showed that the 5-
HT turnover (5-HIAA/5-HT ratio) in BST and TEL were higher in LR 
compared to HR fish (Figure 1), while no differences between the selection 
lines were observed in OPT and HYP. These results are in agreement with 
Øverli et al. (2001). Moreover we observed that the MAO activity in BST 
and TEL decreased as a consequence of stress. This means that the observed 
increase in 5-HIAA and 5-HIAA/5-HT is a result of an increased release of 
5-HT. The decrease in MAO activity also means that more 5-HT can be 
taken up and stored in vesicles before it is metabolized by MAO. This could 
be an advantage energetically during times of increased 5-HT release since 
the need for synthesis of 5-HT from TRP is reduced. However, the MAO 
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activity in OPT and HYP increased significantly as a consequence of stress. 
This could mean the observed increase in 5-HT turnover in these brain areas 
was caused by this increase in activity and not by an increase in 5-HT 
release. However, if we look more closely on what happens in the HYP then 
we see that the 5-HIAA/5-HT ratio increases after 1 hour of confinement 
while MAO activity does not. Then after 3 hours of confinement the MAO 
activity has increased and the 5-HIAA/5-HT ratio levels off. This means that 
the increase in 5-HIAA/5-HT seen in HYP after 1 hour of confinement is 
caused by an increase in 5-HT release from the neurons. But why doesn't this 
ratio continue to increase when the MAO activity increases? One 
explanation could be that the neuronal activity decreases, and this decrease 
could be facilitated by the increase in plasma cortisol. This explanation is 
supported by Di Battista et al. (2005) that observed a decrease in 5-HT 
turnover in hypothalamus of rainbow trout five days after they were given a 
cortisol implant (see chapter 1.1.1 for further details). Our study did not 
show a decrease in the 5-HIAA/5-HT ratio, but this could be due a much 
shorter duration of elevated plasma cortisol. Winberg & Lepage (1998) also 
reported a decreased 5-HIAA/5-HT ratio in hypothalamus of rainbow trout 
that had experienced social subordinance for 7 days. These fish also showed 
chronically elevated levels of plasma cortisol. Contrary to this Winberg & 
Nilsson (1993b) showed that 5-HIAA/5-HT ratios in hypothalamus of 
subordinate Arctic charr remained elevated after both 7 and 21 days. Plasma 
cortisol was not measured in this study so a direct comparison is not 
possible. This contradiction in results could reflect that the hypothalamic 
response differs as a consequence of different experimental conditions, 
perceived as different types of stressors.  

Øverli et al. (2001) and paper III in this study has shown that LR fish 
responds with a higher increase in 5-HT turnover to a stressor compared to 
HR fish. This is in agreement with a study on mice genetically selected for 
high and low aggression. The highly aggressive mice strain exhibits a 
proactive coping strategy in that they show shorter attack latencies, lower 
HPA-axis reactivity and higher locomotor activity during stress compared to 
the low aggressive mice strain, which adopts a reactive coping strategy 
(Veenema et al., 2003; Veenema et al., 2004). The proactive individuals also 
show a larger increase in 5-HT turnover compared to reactive coping 
individuals during a forced swimming test (Veenema et al., 2004; Veenema 
et al., 2005). This test is comparable to the confinement stressor applied to 
HR and LR fish because in both cases the experimental animals are 
subjected to an aversive stimulus that cannot be avoided or overcome. The 
serotonergic response to stress in HR and LR fish is therefore similar to that 
of reactive and proactive coping mammals. 
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Figure 1. Brain tissue concentrations (mean  SEM) of 5-hydroxyindoleacetic acid (5-HIAA) 
and the ratio between 5-HIAA and 5-HT in rainbow trout sampled directly from the holding 
tanks (controls) or following 1 or 3 hours of confinement stress. White bars represent HR fish 
and black bars represent LR fish. Significant differences (two-way ANOVA with a Tukey 
HSD post hoc test for unequal N) between treatments within each selection line are indicated 
by different lower case letters, while significant differences between treatments regardless of 
selection line is denoted with different upper case letters. Significance levels between HR and 
LR fish within all treatments are denoted by black spades ( : P<0.05, : P<0.01).  

So far it has been demonstrated that three of the key elements for 
defining divergent stress coping strategies is in fact in place. The LR 
selection line responds to inescapable stress with low levels of cortisol, high 
levels of catecholamines and a high 5-HT turnover in TEL and BST. The HR 
line responds to inescapable stress with high levels of cortisol, low levels of 
catecholamines and a low 5-HT turnover in TEL and BST. The question now 
is whether or not these selection lines also display different behavioural 
response patterns to stress that reflect a divergence in stress coping 
strategies.
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3.2 Behavioural stress responses in hr and lr fish 
3.2.1 Locomotor activity and social structure 
As we have explored in the introduction of this thesis, most studies on stress 
coping strategies report results obtained in experiments of individual 
behaviour. These individual behaviours are for the most part an immediate 
response to an aversive stimuli or an attempt to solve a novel task. Paper I in 
this thesis has attempted to reveal if there are behavioural differences 
between groups of fish that are maintained within a stable social structure. 
This is important because it could reveal how deeply rooted an eventual 
behavioural difference is in these two selection lines. The results of this 
study revealed that the fish did not disperse in a homogeneous fashion within 
the tanks, but tended to congregate into one large group with individual fish 
separated from this group. These solitary fish performed aggressive acts 
towards other individuals when they tried to move away from the group. 
This phenomenon occurred in both the HR as well as the LR line. It has been 
shown in Arctic grayling (Thymallus arcticus, Pallas 1776) that there is a 
good correlation between rank in a dominance hierarchy and the rank of 
positions occupied based on the positions desirability (Hughes, 1992). Such 
desirable positions could exist in our study because food was not given in 
excess. When food was given it was dispersed evenly on the surface and that 
would lead to greater access to food for an individual if few fish occupied 
the space in the near vicinity of that individual. This means that the 
desirability of a position lies in having as much free space around as 
possible. In addition to being limited, the food resource was predictable and 
was dispersed evenly over time. This created an ideal basis for contest 
competition (Grant, 1997), a form of interference competition that leads to 
aggressive exclusion of competitors (Milinski & Parker, 1991) i.e. a creation 
of dominant and subordinate individuals. In a tank where the density of fish 
is relatively high and there is no means of escape, this will lead to a few 
dominant individuals keeping a certain space (empty of other fish) around 
themselves, while the rest of the fish, which are lower in the hierarchy, will 
have to occupy what little space is left (Grant et al., 1989). This strongly 
suggests that the spatial distribution we observed in our study reflected an 
established dominance structure. If the dominance relationships were not yet 
fully established at equilibrium at the time of observation, then we would 
expect to see differences in dominance structures not only between HR and 
LR strains but also within the strains as well as over time within each tank. 
Given the time the fish had acclimated (two weeks) before the observation of 
behaviour was begun, and the fact that no significant differences in spatial 
distribution were evident (Table 1), it is likely that dominance structures had 
been established and brought to equilibrium in both lines in our study.  
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Table 1. The number and density of fish within the observation tanks 

The mean number of fish (NoF) and the mean density of fish (DoF: Number of fish/square) 
± SEM in different positions (PoF) within the tanks (N = 5) containing high and low 
responding (HR and LR respectively) individuals. The position of a fish was defined as 
solitary or in a group, and the position within the group was then defined as being in the 
group core or on the group fringe. A two-way repeated measures ANOVA (time as the 
within- and selection line as the between subjects factor) revealed no significant effects of 
time or selection line.   

As noted, our results suggest that the two lines of rainbow trout in this study 
did not differ in dominance structure. However, a difference in locomotor 
activity was evident between lines, with the LR fish exhibiting higher levels 
of activity than the HR fish (Figure 2). We also observed that aggressive 
behaviour contributed to the activity in both lines. The amount of aggression 
within each line was not quantifiable so we cannot, on the basis of this study, 
conclude that social interaction was the cause of the observed difference in 
locomotor activity. However, a study by Øverli et al (2002b) and the results 
in paper II, show that the spontaneous locomotor activity of socially isolated 
HR and LR fish from the F1 and F3 generation respectively do not differ 
significantly. This suggests that the intrinsic locomotor activity in these two 
lines of rainbow trout did not differ in our study. As all other stimuli that 
might have had initiated locomotor activity were eliminated, or at least equal 
between the observational tanks, this suggests that the difference we 
observed in locomotor activity was caused mainly by social interactions. 
Since dominant/subordinate relationships are formed and maintained by 
confrontational displays and/or physical fighting, the social interactions in 
this case would to a large extent consist of aggressive behaviour. We 
frequently observed that the solitary fish would attack other individuals that 
tried to leave the group. This means that not only the intrinsic aggression in 
the dominant fish, but also the predisposition of subordinate fish to leave a 
group will affect the overall level of locomotor activity within a tank 
because it triggers attacks from more dominant fish. This supposition, that 
the higher levels of activity among the LR fish are related to agonistic 
activity, is consistent with previous findings which have shown LR fish to be 
more aggressive and/or competitive than HR fish (Pottinger & Carrick, 
2001b). 

HR LR

PoF NoF DoF NoF DoF

Group 3.0 0.1 2.8 0.1
Group core 21.1 0.5   4.7 0.2     21.2 0.4    4.2 0.2

Group fringe 5.9 0.5 6.2 0.4
Solitary 3.0 0.2 2.6 0.2

HR LR

PoF NoF DoF NoF DoF

Group 3.0 0.1 2.8 0.1
Group core 21.1 0.5   4.7 0.2     21.2 0.4    4.2 0.2

Group fringe 5.9 0.5 6.2 0.4
Solitary 3.0 0.2 2.6 0.2
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Figure 2. The mean activity ± standard error, measured as number of visits per square (v s-1 ), 
within the tanks containing high and low responding (HR and LR respectively) individuals (N
= 5 for each strain), and the mean concentration of cortisol (ng/ml)  ± standard error. Samples 
were taken from 10 fish from each tank (N = 50 for each strain). Significant differences 
between the strains are indicated by asterisks where * denotes a P-value < 0.05 and ** denotes 
a P-value < 0.01. 

The difference in activity between the selection lines existed even though the 
spatial structure of the fish did not differ. Our results indicate that the 
aggression of the most dominant fish as well as the willingness of the more 
subordinate fish to leave the group are two of the behavioural means that 
contributed to the difference in locomotor activity within the dominance 
structure. We cannot on the basis of our results say whether the difference in 
behaviour is required to maintain the similarity in dominance structure, or if 
the similarity in dominance structure exists despite the difference in 
behaviour. Nonetheless, our results have shown that there is a difference in 
behaviour between these two strains of fish when they are interacting in 
large groups. These results suggest that there is a deeply rooted difference in 
behaviour between the LR and HR lines, which gives support to the 
hypothesis that different stress coping strategies as described in mammals 
(Koolhaas et al. 1999) also exist in teleost fish.  
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3.2.2 Do HR and LR rainbow trout exhibit different stress coping 
strategies?
The aggression observed in paper II does not seem to reflect the two stress 
coping strategies described in mammals. The physiological responses in 
these lines suggest that the LR fish should portray the proactive coping style, 
but they attacked the intruder fewer times than the HR fish did, and there 
were no difference in attack latency (Figure 3). There are several studies 
showing that proactive animals are more aggressive than reactive coping 
animals, and that high aggression is characterized by high catecholamine and 
low cortisol levels (Benus et al., 1991a; Sgoifo et al., 1996; Koolhaas et al., 
1999). However, these behavioural profiles have also been shown to vary 
depending on the environment where the stressor is applied. Sluyter et al. 
(1996) showed that aggressive and non-aggressive wild house mice differed 
in their response in a shock-probe/defensive burying test when this test was 
performed in a novel environment. This difference was not observed when 
the test was carried out in an environment containing saw dust from their 
home cage. The HR and LR fish in our study was exposed to the intruder in 
their home aquaria and this could be the reason why they did not differ in 
their attack latency. However, the HR fish attacked the intruder more than 
the LR fish did, suggesting higher aggression in HR fish, which is the 
opposite of what could be expected. In paper II we argue that this measure of 
aggression is not satisfactory, and the reason is that the resident-intruder 
interaction is a fight for dominance. Because of the difference in size the 
resident fish will become dominant in all trials and when that happens the 
number of attacks will decrease (Winberg & Lepage, 1998). The lower 
number of attacks performed by the LR fish could therefore reflect that these 
fish became dominant in a shorter period of time compared to the HR fish. 
The behaviour of the intruder will also affect the behavioural response of the 
resident fish, and this effect will be more pronounced as time passes in this 
test. The immediate reaction, i.e. the attack latency, is therefore a much 
better assessment of aggression in a resident-intruder test. We therefore 
conclude that the aggression did not differ between HR and LR fish in this 
study.  

When fish from the HR and LR selection line was exposed to a novel 
object we observed a reduction in the time spent moving by fish of both 
selection lines (Figure 3). This is in agreement with numerous studies on 
rodents which have shown a reduction in activity to aversive stimuli 
(Kudryavtseva et al., 1991; Koolhaas et al., 1997; Berton et al., 1998). This 
test was also carried out in an environment that was familiar to the fish, and 
once more we observed that the behavioural response did not differ between 
the two selection lines (Figure 3).  

The behavioural responses of the two selection lines differed when they 
were exposed to aversive stimuli in unfamiliar environments. The locomotor 
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activity immediately after transfer to a novel environment (the open field) 
was significantly greater in LR fish compared to HR fish – a difference that 
was reversed after 10 minutes (Figure 3). In addition, when fish were 
acclimated for 10 minutes to a restricted area of a new environment (the 
stream channel) the LR fish spent a longer time within this area after the rest 
of the environment was made accessible compared to the HR fish (Figure 3). 
It is commonly agreed upon that proactive coping individuals react to stress 
with higher activity compared to reactive coping animals (Koolhaas et al., 
1999). Therefore, the differences in the immediate response of the HR and 
LR fish within the open field suggests that the LR fish exhibit a proactive 
coping style while the HR fish exhibit a reactive style of coping. On the 
other hand our results seem to be contradictory in that the LR fish show a 
lower level of activity in the stream channel test. However, there are a 
couple of factors that has to be taken into account. First, the measure of 
activity in the stream channel took place after 10 minutes of acclimation. In 
the open field test the activity of LR fish after 10 minutes was lower 
compared to the HR fish. If leaving the restricted area in the stream channel 
is an escape from an aversive stimulus, then these results suggest that the 
immediate response to an aversive stimulus is more pronounced in LR fish, 
but when it turns out that this stressor is inescapable the LR fish becomes 
less active than the HR fish. Second, the measure of activity in these two 
tests might represent two different types of responses. While the activity in 
the open field clearly represents attempts to escape, the willingness to leave 
the restricted area in the stream channel could reflect risk assessment, 
because leaving the restricted area within the stream channel could represent 
a greater risk of being seen by potential predators. Moreover, risk assessment 
could also be involved in the open field test. The open field aquarium was 
brightly lit and no shelters were provided. This environment, like that of the 
stream channel, represents a situation where movement would increase the 
chance of being seen by potential predators. The low activity in LR fish 10 
minutes after transfer to the open field could therefore represent a higher 
level of risk assessment like that in the stream channel. The higher level of 
activity during the first two minutes also fit into this interpretation because a 
successful escape could eliminate the danger of being exposed. This 
immediate difference in activity is not seen in the stream channel because 
the fish were restricted to a small part of the stream during the 10 first 
minutes after transfer. A higher risk assessment or anxiety like behaviours is 
often consistent with the characteristics of reactive coping animals. Studies 
in both rats and mice have shown that stressors such as predator-related 
stimuli (Zangrossi & File, 1992; Adamec & Shallow, 1993) and social defeat 
(Heinrichs et al., 1992; Rodgers & Cole, 1993) increase risk assessment in 
the elevated plus-mace test. Moreover, it has shown that subordinate mice 
show reduced exploratory behaviour of novel environments (Parmigiani & 
Pasquali, 1980). However, in all these studies the subject animals were 
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tested immediately after exposure to a stressor, while our study tested 
previously unstressed animals. Ferrari et al. (1998) showed that unstressed 
dominant swiss male mice (Mus musculus) with high levels of aggression 
demonstrated a higher level of risk assessment in an elevated plus mace 
compared to unstressed subordinate and less aggressive individuals. When 
we take into account that LR fish becomes dominant when paired with HR 
fish (Pottinger & Carrick, 2001b), our results are in agreement with Ferrari 
et al (1998). This indicates that the higher risk assessment observed in LR 
fish in this case is part of a proactive coping strategy.  

Figure 3. Responses to stressors in HR (white bars) and LR (black bars) in rainbow trout. 
Plasma cortisol (ng/ml) was measured after 30 minutes of confinement (A). Movement (cm) 
was measured at different time intervals after transfer to an open field aquaria (B). Escape 
latency (seconds) from a restricted area was measured after 10 minutes of acclimation in the 
stream channel (C). Attack latency was measured in a resident intruder test (D). Movement 
(%) was calculated during different time intervals (BM: Basic Movement) after introduction 
of a novel object (E). (* denotes a significance level of P < 0.05; *** denotes a significance 
level of P < 0.001).  

The behaviour in the stream channel could also be interpreted in another 
way. When the fish left the cage situated at the end of the stream channel 
they immediately sought a refuge that could be regarded as superior to the 
starting cage, offering a greater degree of cover. The fish were not observed 
to engage in exploratory behaviour and therefore could be interpreted as a 
desire to leave an environment they considered unsatisfactory in some way. 
However, there were a lot of individuals (more than half) that chose to stay 
within the starting cage for the entire experiment, significantly greater 
numbers of which were LR fish. This may be interpreted as more stereotypic 
and less flexible behaviour demonstrated by individuals from the LR line 
compared to the HR individuals. The higher level of flexibility seen within 
the HR strain is a behavioural trait commonly considered to be characteristic 
of individuals that exhibit a reactive coping strategy, while the more 
stereotypic behaviour shown by the LR line is consistent with the 
behavioural pattern shown by proactive coping animals.  
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To summarize, it has now been demonstrated that the HR and LR 
selection line of rainbow trout differs in both their physiological and 
behavioural stress responses. When exposed to a confinement stressor the 
HR fish responds with higher increases in plasma cortisol, lower increases in 
plasma catecholamines and a lower increase in brain (TEL and BST) 
serotonergic activity compared to the LR line. These differences are in 
agreement with results obtained in terrestrial vertebrates that have been 
shown to display either a proactive or reactive stress coping strategy. The LR 
selection line display a physiological proactive stress coping strategy, while 
the HR fish display a physiological reactive stress coping strategy. The 
behavioural stress responses in the HR and LR selection lines also differ and 
these differences are similar to those seen in comparable studies on 
mammals. Our results have shown that this divergence in behaviour is 
consistent across situations and that the LR selection line displays a 
proactive stress coping strategy, while the HR selection line display a 
reactive stress coping strategy. However, we have not shown that these 
behavioural stress responses are consistent over time.   

3.3 Stress responses in an unselected line of rainbow 
trout
As we have demonstrated, rainbow trout selected for a consistently high and 
a consistently low cortisol response to stress, seem to represent the reactive 
and proactive stress coping strategies described in terrestrial vertebrates. If 
such stress coping strategies exist in fish it should also be possible to observe 
these in an unselected line of fish. In brief, the results in paper IV show that 
aggression as well as HPI axis reactivity is consistent individual traits in 
rainbow trout. Moreover, this paper also shows that the ability to acclimate 
to a new environment is positively correlated with the levels of aggression in 
a resident-intruder test (Figure 4). And finally, this paper show that fish with 
a low HPI-axis reactivity have an advantage in dyadic fights for social 
dominance when they are paired with size matched conspecifics with a high 
HPI-axis reactivity (further characteristics of the winners and losers in the 
dyadic fights are shown in table 2). All these results will be discussed in 
light of the physiological and behavioural results obtained from the HR and 
LR selection line. 
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Figure 4. Correlation between the average food intake of each individual fish during the 
acclimation period and the average attack latency (A) observed in three subsequent intruder 
tests, and the average number of attacks performed by the resident fish during these three 
intruder tests (B). A ”Spearman Rank Order Correlations”-test was used to test the 
correlations for statistical significance. 

The fish in paper IV were twice tested for their cortisol response after 
exposure to a novel environment. The results revealed that there was a 
significant correlation between the two tests (Rs = 0.424, P < 0.0001). This 
consistency in the cortisol response is in agreement with results obtained 
when creating the HR and LR line of rainbow trout (Pottinger et al., 1992). 
The results from paper IV also revealed that there was a correlation between 
HPI-axis reactivity and the outcome of fights for social dominance in size-
matched dyadic pairs. In 10 out of 12 pairs the individual that had the lowest 
plasma cortisol response to the novel environment exposure won the fights 
for social dominance. However, the fish winning dyadic fights did not show 
higher average number of attacks or shorter average attack latencies in 
resident-intruder tests compared to the losers. These results are similar to 
those found in HR and LR rainbow trout. Pottinger and Carrick (2001b) 
showed that LR rainbow trout from the F1 generation becomes dominant in 
significantly more trials when paired with a size-matched HR fish. This test 
was repeated and the results confirmed with HR and LR fish from the F3 
generation (J. Schjolden, T. Backström, K. Pulman, T.G. Pottinger, S. 
Winberg, unpublished data). Experiments on the F3 generation of HR and 
LR fish (paper II) also revealed that there were no differences in aggression 
towards an intruder between the two selection lines. Contrary to this 
Höglund et al. (2001) showed that the level of aggression in individual fish, 
as measured in resident-intruder tests, is a good predictor of the outcome of 
dyadic fights in size matched pairs of Arctic charr. However, it is not clear 
how aggression relates to the competitive ability of a fish when fighting for 
social dominance with a size matched conspecific. These studies suggest that 
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aggression as measured in a resident-intruder test cannot always predict the 
outcome of size-matched dyadic fights, and that there are several factors that 
collectively decide the dominant status in such fights. This is underlined by 
Hayden-Hixson and Ferris (1991), which showed that the role of cortisol on 
the dominant/subordinate status in hamsters was context dependant. In this 
study intra-hypothalamic cortisol administration resulted in submission in 
encounters with aggressive opponents, while it resulted in high levels of 
aggression when they were paired with submissive or juvenile intruders. 
This shows that the behavioural response of resident animals to a great 
extent is dependant on the intruder. This could be the reason why the 
outcome of size-matched dyadic fights in fish not always reflects single 
behavioural traits in other situations - simply because the dominant/ 
subordinate status is dependent on more than one behavioural trait. These 
behavioural traits are difficult to identify, but it seems that they are linked to 
the stress responsiveness in some way since the magnitude of the cortisol 
response to stress can predict dominant status. However, there are several 
examples that teleost species which fit into the classification of shy and bold, 
bold individuals are more likely to become dominant compared to shy 
conspecifics (Huntingford, 1976; Brick & Jakobsson, 2002; Sundström et al., 
2004). Moreover, Øverli et al. (2004) reported that juvenile rainbow trout 
that used a short time to resume feeding following transfer to visual 
isolation, nearly always won dyadic fights for social dominance when paired 
with size matched conspecifics, which used longer time to resume feeding. 
As previously mentioned the outcome of size-matched dyadic fights is not a 
behavioural trait, it is a result of many behavioural traits, and therefore does 
not necessarily correlate with single behavioural traits. This is further 
underlined by the resumption of feeding after transfer to a novel 
environment in paper IV. The first day after transfer only 10 out of 32 fish 
were eating, but at the end of the acclimation period of 6 days all fish had 
resumed their feeding. The fish that resumed feeding first did also have a 
higher average food intake during these 6 days. However, the average food 
intake did not predict the dominant status of fish in this experiment.  
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Table 2. Behavioural and physiological characteristics of winners and losers.  

The body weight (BW) and the average cortisol response to a confinement stressor, the 
average attack latency (AL), number of attacks (NoA) and food intake (FI) among the winners 
and losers of the 12 pairs that were set up for dyadic fights.   

On the other hand, this study showed that the average food intake correlated 
significantly with the aggression shown in the resident-intruder test. Fish that 
had a high average food intake also had lower attack latencies and showed a 
greater number of attacks towards the intruder. In other studies on fish it has 
been shown that individuals of the three-spined stickleback with high levels 
of intraspecific aggression also were more bold in the presence of a predator 
(Huntingford, 1976). In pumpkinseed sunfish (Lepomis gibbosus, Linnaeus 
1758) it has been demonstrated that bold individuals started to feed sooner 
than shy ones following transfer to a new environment (Wilson et al., 1993). 
These results indicate that the fish in our study (paper IV) also fit into these 
categories of shy and bold individuals based on their aggression and food 
intake. Furthermore, these results are also in agreement with studies on 
mammals, which have shown that proactive animals are less sensitive to 
changes in environmental cues and are consistently more aggressive 
compared to reactive animals (Koolhaas et al., 1999; Koolhaas et al., 2001).  

The results from paper IV have shown that the aggression shown towards 
an intruder is a behavioural trait that is consistent over time and that this trait 
can be linked to the resumption of feeding when transferred to a novel 
environment. This suggests that these fish fit into both the shy-bold 
characteristics and the categories of reactive-proactive coping strategies on a 
behavioural basis. The existence of divergent stress coping strategies in fish 
is further supported by the prediction of dominant status by the cortisol 
response to a stressor. What this study (paper IV) does not show is a link 
between the cortisol response to a stressor and the behavioural traits of 
aggression and food intake. On this basis we cannot conclude without 
reservation that stress coping strategies akin to those described in terrestrial 
vertebrates also exist in fish. However, we have shown that such a link exists 
in the HR and LR selection lines of rainbow trout, but these studies have not 
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revealed that the divergence in behaviour is consistent over time. Future 
experiments should therefore attempt to reveal consistency in behaviour over 
time as well as across situations and link these to the physiological stress 
responses of cortisol, catecholamines and brain serotonergic activity. The 
experiences made during this thesis indicate that single behavioural 
responses should be investigated when animals are exposed to stressors in 
novel environments. Moreover, the physiological responses should not be 
measured as a consequence/cause of these behavioural responses, but as a 
consequence of a different stressor. 

3.4 Summary and conclusion 
Our results have shown that HR and LR rainbow trout differs in their 
physiological and behavioural stress response in much the same way as 
proactive and reactive mammals do. Individuals from the LR line of rainbow 
trout show a greater increase in levels of epinephrine when exposed to 
handling stress, and they also show a higher turnover in brain serotonin 
during confinement. The behavioural studies on HR and LR fish showed that 
the HR fish were less active than LR fish when reared in large groups. This 
difference in locomotor activity was most likely caused by differences in 
agonistic behaviour. This suggests that HR fish show a reactive coping 
strategy while LR fish are proactive. When reared in isolation within a 
familiar environment there were no behavioural differences between HR and 
LR fish when they were exposed to either an intruder or a novel object. 
However, when they were transferred to unfamiliar environments a 
behavioural difference between the two lines was observed. The fish 
responded in a way that could be interpreted as the LR fish demonstrating a 
higher risk assessment, which in this case suggests that the LR fish are 
responding proactively. The fact that a difference in behaviour is only seen 
when stressors are applied in unfamiliar environments while stressors in a 
familiar environment does not provoke any behavioural differences, is a 
characteristic previously shown to be a distinction between proactive and 
reactive coping mammals as well. Finally, we observed that individuals 
originating from an unselected line of rainbow trout showed a consistency 
over time in their cortisol response when transferred to an unfamiliar 
environment. Fish from this line also demonstrated a correlation between 
behavioural responses to different stressors. However, there was no apparent 
connection between these behavioural responses and the cortisol response. 
From the results in this thesis we cannot exclusively conclude that different 
stress coping strategies akin to those described in mammals also exist in fish. 
However, our results have revealed new similarities between teleost fish and 
terrestrial vertebrates in regard to both physiological and behavioural 
response patterns to different stressors. These similarities have strengthened 
the hypothesis that different stress coping strategies exist in teleost fish.  
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Svensk sammanfattning 

Generellt visar djur en stor variation i de fysiologiska och beteendemässiga 
responserna på ändringar i miljön. Dessa responser är ofta bimodalt 
fördelade inom en population och visar stabilitet på individuell nivå över tid 
så väl som mellan olika situationer. Hos terrestra vertebrater har dessa 
egenskaper blivit beskrivna som proaktiva och reaktiva stresshanterings-
strategier. Proaktiva djur, i motsättning till reaktiva djur, svarar på stress 
med lägre nivåer av plasmakortisol, en högre sympatisk aktivering och en 
högre aktivitet av i det serotonerga systemet i hjärnan. Beteendemässigt så är 
proaktiva djur mer aggressiva, mer aktiva när de undviker stressande 
situationer, de utvecklar rutiner och visar färre tillfällen av konditionerad 
immobilitet när de hanterar stressituationer. Målet med den här avhandlingen 
har varit och ta reda på om sådana stresshanterings-strategier existerar hos 
fisk. Våra resultat visar att regnbågslax selekterad för hög (HR) respektive 
låg (LR) kortisolrespons skiljer sig åt i sympatisk och serotonerg aktivering 
på samma sätt som tidigare har visats hos proaktiva och reaktiva däggdjur. 
HR fisk visade också lägre rörelseaktivitet när de fick gå i grupper á 30 
individer jämförd med LR fisk. När isolerad HR och LR fisk blev utsatta för 
olika stressande faktorer i en känd miljö observerade vi inte någon skillnad i 
deras beteende. Det har tidigare visats hos däggdjur att ett proaktivt beteende 
kan adopteras av reaktiva individer när de blir utmanade i en känd miljö. Å 
andra sidan så observerade vi skillnader i beteende mellan HR och LR fisk 
när de blev utmanade i en för de okänd miljö. Dessa skillnader stämde 
överens med skillnader man tidigare har observerat hos proaktiva och 
reaktiva däggdjur. Slutligen så observerade vi, i en oselekterad linje av 
regnbågslax, att kortisolresponsen i en standardiserad stressituation var stabil 
över tid. Vi observerade även att det fanns en korrelation mellan olika 
beteenden när dom blev utsatta för olika stressituationer. Emellertid så fanns 
det ingen korrelation mellan beteenderesponserna och de fysiologiska 
responserna i den här studien. Tillsammans så har alla resultaten i den här 
avhandlingen styrkt hypotesen om att olika stresshanteringsstrategier 
existerar hos fisk. 
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