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Introduction 

Stress and its implications 
 

The physiological stress response 
The stress response is the physiological response to a disruption, caused by a 
stressor, of basal homeostasis in the organism. The stressor can be a real or 
perceived threat against the organism. The immediate effect of the stress 
response is to prepare the organism for a quick and energetic reaction, often 
referred to as “the fight-or-flight response” (Cannon 1915). This “fight-or-
flight response” involves many different adaptations for immediate survival 
including: increasing energy availability by increasing blood glucose levels 
and oxygen intake; decreasing blood flow to areas not involved in locomotor 
activity; inhibiting food intake, growth, immune function, pain perception 
and reproductory functions; and enhancing memory and sensory function 
(Johnson et al. 1992; Carrasco and Van de Kar 2003). Two endocrine sys-
tems are important mediators of the primary physiological stress responses, 
namely the hypothalamic pituitary adrenocortical (HPA) axis and sympatho-
adrenomedullary system in mammals. In teleost fish, their respective homo-
logues are the hypothalamic pituitary interrenal (HPI) axis and sympathetic 
chromaffin cell axis. 

The hypothalamic pituitary adrenocortical/hypothalamic pituitary 
interrenal axis 
The HPA axis is the neuroendocrine system controlling the release of gluco-
corticoids in response to a stressor in mammals, whereas in teleost fish the 
HPI axis has the same function (Wendelaar Bonga 1997; Carrasco and Van 
de Kar 2003). The stressor activates the central nervous system (CNS), and 
in the CNS the HPA/HPI axis is activated by stimulation of the hypothala-
mus. This stimulation is mediated by neurotransmitters, including serotonin 
(5-hydroxytryptamine, 5-HT). When the HPA/HPI axis is activated the hy-
pothalamus releases corticotropin releasing hormone (CRH) and to some 
extent arginine vasopressin (AVP) in mammals or arginine vasotocin (AVT) 
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in non-mammalian vertebrates. CRH and AVP/AVT stimulate the pituitary 
gland to release adrenocorticotropic hormone (ACTH), also known as corti-
cotropin, into the blood. When ACTH reaches the adrenal/interrenal tissue, it 
induces glucocorticoid release into the bloodstream, cortisol being the main 
glucocorticoid in teleost fish. The HPA/HPI axis is self regulated by an array 
of negative feedback loops (Carrasco and Van de Kar 2003). 

Glucocorticoids are involved in maintaining basal homeostasis. When 
glucocorticoids are present at basal levels in blood plasma, they enhance 
water excretion which reduces blood volume, suppress the immune response, 
increase blood glucose levels to provide energy, stimulate appetite, enhance 
memory functions and inhibit reproductory functions (Wendelaar Bonga 
1997). As a result of the primary stress response, glucocorticoid release is 
elevated. This elevation saves energy by shutting off energy-consuming 
mechanisms such as growth, immune- and reproductory functions, which are 
not necessary for immediate survival (Wendelaar Bonga 1997). 

The sympatho-adrenomedullary system/sympathetic chromaffin cell 
axis 
The sympatho-adrenomedullary system controls the release of the cate-
cholamines (CA) epinephrine (E) and norepinephrine (NE) into the blood-
stream in mammals, and the sympathetic chromaffin cell axis serves the 
same function in teleost fish. In response to a stressor, CA levels in blood are 
elevated quickly and then typically recede to basal levels (Wendelaar Bonga 
1997). Effects of CA includes increased oxygen uptake, cardiac output and 
glucose release from the liver (Wendelaar Bonga 1997). 

Stress and monoamines 
Stress affects central neurotransmitter and neuromodulator systems, includ-
ing the monoaminergic systems. Monoamines found in the CNS include 
dopamine (DA), norepinephrine (NE) and 5-HT (Bertler and Rosengren 
1959). 

DA producing cells are distributed in several different areas in the brain 
including the substantia nigra in the midbrain (Faull and Laverty 1969; 
Schultz 1998). NE producing cells are mainly found in the locus coeruleus in 
the brainstem (Anlezark et al. 1973; Korf et al. 1973) and 5-HT producing 
cells are mainly found in the raphe nuclei, another area of the brainstem 
(Dahlstrom and Fuxe 1964; Pin et al. 1968). Similar distribution of monoam-
ine producing cells is also found in teleost fish (Ekström and Van Veen 
1984; Ekström et al. 1986; Corio et al. 1991; Rink and Wullimann 2002). 
All three monoaminergic systems are activated by stress (Thierry et al. 
1968a; Thierry et al. 1968b; Bliss and Ailion 1971; Korf et al. 1973; Win-
berg and Nilsson 1993; Øverli et al. 1999; Carrasco and Van de Kar 2003). 
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Dominance hierarchies – influences by stress 
Social animals often form dominance based social hierarchies. In these hier-
archies each individual has a social rank position. Dominance hierarchies are 
arranged in several different fashions. For example, dominance hierarchies 
can be linear, this means that every individual has a specific social rank. The 
alpha individual, having the highest rank, dominating all other group mem-
bers, a beta individual being subordinate to the alpha individual but domi-
nating all other group members, and so on until the omega individual, having 
the lowest rank and being subordinate to all group members (Huntingford 
1987). Dominance hierarchies are often formed by agonistic interactions. 
These agonistic interactions are performed by two or more individuals com-
peting for the higher social position. Initially, a phase of mutual displays and 
threats escalates into a phase of overt aggressive behaviour including violent 
attacks (Huntingford 1987). The overt aggressive behaviour continues until 
inter-relational rank is firmly established and the subordinate individuals 
signal defeat, for example by skin darkening in arctic charr (Salvelinus 
alpinus) (Hoglund et al. 2000), and retreat. Subordinate animals are sub-
jected to social stress and shows signs of chronic stress (Greenberg et al. 
1984; Sapolsky 1990; Winberg et al. 1991; Blanchard et al. 1993). 

There are several factors involved in determining the outcome of agonis-
tic interactions, one example is the body size, larger individuals usually be-
coming dominant (Enquist et al. 1987; Lindström 1992; Lopez and MartÃn 
2001; Renison et al. 2002). Neuroendocrine factors and stress responsive-
ness also appear to affect the outcome of fights for social dominance 
(Winberg et al. 1992; Blanchard et al. 1993; Blanchard et al. 1995; Ebner et 
al. 2005; Summers and Winberg 2006). These factors include DA, NE and 
5-HT. For instance, the dopaminergic system has been shown in several 
studies to act stimulatory on aggressive behaviour in vertebrates (Geyer and 
Segal 1974; Matter et al. 1998), including teleost fish (Munro 1986; Win-
berg and Nilsson 1992; Hoglund et al. 2001). The central norepinephric sys-
tem also acts stimulatory on aggressive behaviour in mammals (Barrett et al. 
1990; Higley et al. 1992; Haller 1995; Matter et al. 1998), but inhibitory 
effects have also been reported (Geyer and Segal 1974; Haller et al. 1997). 
The brain serotonergic system seems to act inhibitory on aggressive behav-
iour in vertebrates (Matter et al. 1998; Summers et al. 1998; Chiavegatto and 
Nelson 2003), including teleost fish (Winberg et al. 1992; Winberg et al. 
2001; Perreault et al. 2003; Clotfelter et al. 2007). 

Intra-specific divergence in stress response profiles - stress 
coping strategies 
Con-specific individuals have a large variation in the stress response, and in 
several species of mammals these variations in behavioural and physiologi-
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cal responses to stress can be arranged into distinct stress coping strategies 
(Bohus 1987; Koolhaas et al. 1999; Koolhaas 2001). These are generally 
divided into two divergent stress coping styles, namely the proactive (or 
active) and reactive (or passive) stress coping strategy (Bohus 1987; Kool-
haas et al. 1999; Koolhaas 2001). Proactive and reactive animals respond in 
distinctly different fashion to several stressors. For example, proactive ani-
mals respond with more aggression, higher general activity and a sympa-
thetic activation (fight or flight reaction) when challenged by a con-specific 
individual (Bohus 1987; Koolhaas et al. 1999; Koolhaas 2001). Reactive 
animals, on the other hand, respond to the same challenge with immobility 
and a parasympathetic/hypothalamic activation (a conservation/withdrawal 
reaction) (Bohus 1987; Koolhaas et al. 1999; Koolhaas 2001). Therefore 
reactive animals, compared to proactive animals, show higher HPA axis 
reactivity, hence having a higher elevation in glucocorticoid levels in re-
sponse to stress (Koolhaas et al. 1999; Koolhaas 2001). The stress coping 
strategies appear to be adaptive because they show consistency over time as 
well as across situations (Lyons et al. 1988; Lawrence et al. 1991; Kooij et 
al. 2002). 

In teleost fish, several ecological studies on individuals, classified into 
bold and shy, showed differing behavioural traits similar to the stress coping 
strategies described in mammals. In sticklebacks (Gasterosteus aculeatus) it 
has been shown that aggression towards con-specific individual during the 
breeding season correlates with boldness shown towards a predator outside 
the breeding season (Huntingford 1976; Huntingford 1982). Similar results 
are also reported in the cichlid fish (Nannacara anomala) (Brick and Ja-
kobsson 2002) and in the brown trout (Salmo trutta) (Sundstrom et al. 2004). 
Further, several recent studies suggest that fish classified as bold and shy 
based on their behavioural profile, show divergent neuroendocrine stress 
responses. The bold fish displays low HPI axis activation but higher plasma 
concentrations of CA compared to shy fish when exposed to a standardized 
stressor (reviewed by Øverli et al. 2005; 2007 and Schjolden and Winberg 
2007). 

Strains selected for stress responsiveness in rainbow trout 
Two strains of rainbow trout (Onchorhynchus mykiss), showing either con-
sistently high plasma cortisol levels (HR) or low plasma cortisol levels (LR) 
in response to standardized confinement stress, have been created by selec-
tive breeding (Pottinger and Carrick 1999). Several studies on these selected 
strains have established that this divergence is preserved through several 
generations (Pottinger and Carrick 1999; Øverli 2001; Overli et al. 2002b; 
Schjolden et al. 2005b; Pottinger 2006; Schjolden et al. 2006b). The herita-
bility of other parameters than cortisol has not been investigated per se. 
However, since cortisol both affects and is affected by several physiological 
and behavioural factors, these strains represent a unique tool for investigat-
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ing heritable factors affecting stress response profiles. In addition to diver-
gent HPI axis reactivity, these two strains of rainbow trout also show a di-
vergence in sympathetic reactivity as a response to stress. Schjolden et al. 
(2006b) showed that the LR strain responds to handling stress with a larger 
increase in blood E compared to the HR strain. Further, it has been reported 
that brain 5-HT turnover is higher in the LR than in the HR strain when ex-
posed to a standardized confinement stressor (Øverli 2001; Schjolden et al. 
2006b), a difference which is especially apparent in the brain stem and telen-
cephalon. Together these results suggest that the LR and HR strains are dis-
playing divergent stress coping styles, the LR strain being proactive and the 
HR strain reactive. 

Arginine vasopressin and arginine vasotocin 
The neurohypophysial hormones arginine vasopressin (AVP) and oxytocin, 
were first discovered in 1895 (Oliver and Schafer 1895). Several effects of 
these hormones were elucidated the following years, but it was not until the 
1950’s that AVP was isolated (du Vigneaud 1952) and the structure was 
described (Turner et al. 1951). The physiological effects induced by AVP 
include increased blood pressure, anti-diuretic (AVP is also known as anti-
diuretic hormone, ADH) and stimulation of the HPA axis (described above). 

Arginine vasotocin (AVT) is the non-mammalian homologue of AVP and 
was first synthesized as an AVP analogue (Katsoyannis and du Vigneaud 
1958). It was later found in non-mammalian vertebrates (Sawyer et al. 1959) 
and induces similar physiological effects as AVP. 

Receptors – general physiological functions and distribution 
In mammals three families of AVP receptors have been described, V1 (also 
called V1A), V2 and V3 (also called V1B) receptor families (Holmes et al. 
2003). These receptor families are involved in different physiological 
mechanisms and show tissue specific expression patterns. 

The V1 family of receptors are generally found in the vascular smooth 
muscle and in the kidneys (Phillips et al. 1990; Ostrowski et al. 1992; 
Hirasawa et al. 1994). Activation of V1 receptors in smooth muscle results in 
vasoconstriction, and thus a decrease in blood flow. In the kidneys, blood 
flow to the inner, but not to the outer medulla, is reduced in response to AVP 
(Cowley 2000). The V2 family of receptors are generally found in the col-
lecting ducts of the kidneys, and activation of these receptors has an anti-
diuretic effect mediated through the aquaporins (Knepper and Inoue 1997). 
The V3 family of receptors are expressed in the anterior pituitary (Lolait et 
al. 1995; Hernando et al. 2001) and activation of these receptors stimulates 
release of ACTH (Gillies et al. 1982; Fryer et al. 1985). 
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An AVT receptor (AVT-R) was cloned and characterized in the teleost 
white sucker (Catostomus commersoni) by Mahlmann et al. (1994) and the 
expression of AVT-R mRNA was reported in several different teleost tissues 
including the pituitary and gill (Mahlmann et al. 1994). Later an AVT-R was 
cloned in euryhaline flounder (Platichthys flesus) and found expressed in the 
brain, kidney and gill (Warne 2001). Further studies suggest that the teleost 
AVT-R is most closely related to the mammalian V1 receptor (Pierson et al. 
1996; Warne 2001). 

Distribution within the central nervous system 
The distribution of AVP containing cells within mammalian CNS is well 
studied. For example, AVP containing cells are found in diencephalic areas 
including the supraoptic nucleus and in hypothalamic areas including the 
paraventricular nucleus (PVN) (Rhodes 1981; Dubois-Dauphin and 
Zakarian 1987; Caffé 1989; Dubois-Dauphin et al. 1989; Luo et al. 1995). 

The knowledge on distribution of AVT containing cells within teleost 
brain is more limited. However, magnocellular cells containing AVT are 
found in the hypothalamic preoptic area (POA) (Goossens et al. 1977; 
Reaves 1980; Schreibman and Halpern 1980; Olivereau et al. 1988) an area 
hypothesized to be equivalent to the mammalian supraoptic nucleus con-
cerning AVP/AVT (Moore and Lowry 1998). Parvocellular AVT containing 
cells are also found in the teleost POA (Schreibman and Halpern 1980; Oliv-
ereau et al. 1988), an area corresponding to the mammalian PVN. 

Behavioural effects 
In addition to the physiological effects, described above, several behavioural 
responses are also induced by AVP/AVT. These behavioural effects are de-
pendent on species, gender and social systems. In mammals, behavioural 
effects of AVP include scent marking, vocalization, parental behaviour, sex-
ual behaviour, pair bonding and mate choice, social recognition, divergent 
social strategies and offensive aggression (see below) (Goodson and Bass 
2001). These behavioural effects seem to be centrally mediated by the V1A-
receptor (Everts and Koolhaas 1999). 

Similarly, AVT has been reported to have multiple behavioural effects in 
teleost fish. Vocalization is modulated by exogenous AVT in the plainfin 
midshipman fish (Porichthys notatus) (Goodson 2000; Goodson and Bass 
2000), spawning behaviour is activated in the killifish (Fundulus heterocli-
tus) by exogenous AVT (Pickford and Strecker 1977), and divergent social 
strategies are modulated by AVT in several species (Foran and Bass 1998; 
Ota et al. 1999; Godwin et al. 2000; Goodson and Bass 2000). These behav-
ioural effects seem to be mediated by a V1 receptor (Goodson and Bass 
2000). 
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AVP/AVT – aggression and dominance hierarchies 
The effects of AVP/AVT on aggressive behaviour may vary depending on 
species and social system. In birds, colonial species such as zebra finch 
(Taeniopygia guttata) respond to exogenous AVT with an increase in ag-
gressive behaviour (Goodson and Adkins-Regan 1999), whereas territorial 
species show the opposite response, AVT acting suppressing on the aggres-
sive behaviour in field sparrows (Spizella pusilla) (Goodson 1998). In 
mammals, a similar pattern has been seen in voles of colonial species where 
exogenous AVP increases aggressive behaviour (Winslow et al. 1993). Fur-
ther, the expression pattern of V1A receptor in the brain differs between terri-
torial and colonial species of voles (Young et al. 1997). Teleost fish also 
seem to follow a similar pattern with AVT increasing aggressive behaviour 
in the non-territorial bluehead wrasse (Thalassoma bifasciatum) (Semsar et 
al. 2001) and decreasing aggressive behaviour in the territorial pupfish (Cy-
prinodon nevadensis amargosae) (Lema and Nevitt 2004). 

However, the suggestion that AVP/AVT increases aggression in colonial 
species and decreases aggression in territorial species has been questioned. 
In the mammalian territorial montane voles (Microtus montanus), AVP does 
not affect aggressive behaviour (Young et al. 1997) and AVP increases ag-
gressive behaviour in the territorial golden hamster (Mesocricetus auratus) 
(Ferris and Delville 1994). Likewise, in teleost fish AVT increases aggres-
sive behaviour in the territorial beaugregory damselfish (Stegastes leucostic-
tus) whereas the Manning compound, a V1A receptor antagonist, had the 
opposite effect (Santangelo and Bass 2006). 

AVP/AVT and stress coping strategies 
A connection between AVP/AVT and stress coping strategies has been pro-
posed, and this seems likely since AVP/AVT have effects on the HPA/HPI 
axis. In rats selected for anxiety traits, differences in AVP mRNA expression 
between lines displaying high (HAB) or low (LAB) anxiety-related behav-
iour have been observed (Wigger et al. 2004). HAB and LAB rats seem to 
display reactive and proactive stress coping strategies respectively (Landgraf 
and Wigger 2002; Landgraf 2003; Landgraf and Wigger 2003). Specifically, 
HAB rats show higher AVP mRNA expression in PVN both during basal 
and post stress conditions compared to LAB rats (Wigger et al. 2004). 

Interaction between AVP/AVT and 5-HT 
Interaction between AVP/AVT and 5-HT has been reported. In rodents, sev-
eral studies report inhibition of the AVP induced aggression by central injec-
tion of 5-HT or fluoxetine, a selective serotonin reuptake inhibitor (SSRI) 
(Ferris and Delville 1994; Delville et al. 1996; Ferris et al. 1997). Further, 
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the V1 receptor and 5-HT1B receptor are co-localized in the hypothalamus 
(Delville et al. 1996; Ferris et al. 1997). In terminal phase males of the 
teleost bluehead wrasse, fluoxetine treatment decreases aggression (Perreault 
et al. 2003) and also reduces expression of AVT mRNA (Semsar et al. 
2004). 

Corticotropin releasing hormone 
In 1955, it was discovered that one or several factors in the hypothalamus 
induced ACTH release from the pituitary gland (Guillemin and Rosenberg 
1955; Saffran and Schally 1955) but it was not until several years later one 
of these factors was characterized. This factor was found to be a neuropep-
tide consisting of a sequence of 41 amino acids. Subsequently the peptide 
was named corticotropin releasing hormone (CRH) (Vale et al. 1981). The 
main effect of CRH is the effect upon the HPA/HPI axis (see above), where 
it induces release of ACTH from the pituitary gland (Lederis et al. 1985). 

Distribution of CRH 
Cells synthesizing CRH are primarily found in the hypothalamus, more pre-
cisely in the parvocellular neurons of the PVN in mammals (Bloom et al. 
1982; Pelletier et al. 1983; Swanson et al. 1983; Raadsheer et al. 1993). In 
the mammalian brain, CRH is also found in other brain areas including the 
magnocellular cells of the PVN and supraoptic nucleus (Paull and Gibbs 
1983; Delville et al. 1992; Luo et al. 1994). 

In teleost fish, CRH synthesizing cells are found in the parvocellular neu-
rons in the POA (Matz and Hofeldt 1999; Pepels et al. 2002) corresponding 
to the parvocellular neurons in the PVN in mammals. A recent study sug-
gests that CRH is also present in other areas in the teleost brain, outside the 
POA such as the dorsal telencephalon and suprachiasmatic nucleus 
(Alderman and Bernier 2007). 

Behavioural effects 
In mammals, CRH have been reported to increase locomotor activity, elevate 
anxiety-like responses, and reduce feeding (reviewed by (Heinrichs and 
Koob 2004)). Similar behavioural effects have been reported in non-
mammalian vertebrates including teleost fish (reviewed by (Lowry and 
Moore 2006)). For instance, in juvenile chinook salmon (Oncorhynchus 
tshawytscha) intracerebroventricular (icv) injection of CRH increases loco-
motor activity (Clements et al. 2002) and alters downstream movement 
(Clements and Schreck 2004). Further, in goldfish (Carassius auratus) CRH 
reduces feeding (De Pedro et al. 1993; Bernier 2001). 
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There are at least two receptor types mediating the effects of CRH, 
namely corticotropin releasing hormone receptor 1 (CRH-R1) and cortico-
tropin releasing hormone receptor 2 (CRH-R2), and these appear to be pre-
sent in both mammals (Chang et al. 1993; Chen et al. 1993; Perrin et al. 
1993; Vita et al. 1993; Kishimoto et al. 1995; Lovenberg et al. 1995b; Perrin 
et al. 1995; Stenzel et al. 1995) and teleost fish. The CRH-R1 and CRH-R2 
have been cloned in the catfish brown bullhead (Ameiurus nebulosus) (Arai 
et al. 2001) and chum salmon (Oncorhynchus keta) (Pohl et al. 2001). In 
addition to CRH-R1 and CRH-R2 a third receptor type, corticotropin releas-
ing hormone receptor 3 (CRH-R3), has been cloned and characterized in 
brown bullhead (Arai et al. 2001). Further, several CRH-R1 subtypes have 
been reported (Ross et al. 1994; Grammatopoulos et al. 1999; Pisarchik and 
Slominski 2001) but so far there are no reports on divergent functions 
(Grammatopoulos and Chrousos 2002). The CRH-R2 has three different 
subtypes in humans, CRH-R2� (Liaw et al. 1996), CRH-R2� (Valdenaire et 
al. 1997) and CRH-R2� (Kostich et al. 1998), whereas in other mammals 
only CRH-R2� and CRH-R2� have been reported (Lovenberg et al. 1995a). 
No subtypes of either CRH-R1 or CRH-R2 have been reported in teleost 
fish. The CRH-R1 and CRH-R2 show divergent distribution. The CRH-R1 is 
found throughout the brain with high concentration in the pituitary cortico-
trophs in rodents (Van Pett and Viau 2000). Also, the CRH-R2� is found in 
the brain in rodents (Lovenberg et al. 1995b) whereas CRH-R2� is only 
found in peripheral organs in rodents (Lovenberg et al. 1995a; Perrin et al. 
1995; Stenzel et al. 1995). The CRH-R1 have been reported to mediate the 
activation of the HPA/HPI axis (Timpl et al. 1998; Bale et al. 2002b; 
Huising et al. 2004) and anxiogenic-like behaviour (Britton et al. 1986; 
Heinrichs et al. 1997; Bale et al. 2002b), whereas the CRH-R2� have been 
reported to affect several behavioural and physiological responses to stress 
(Liebsch et al. 1999; Coste et al. 2000; Bale et al. 2002b) and anxiety con-
trol (Bale et al. 2000b; Bale et al. 2002a). 

In addition to the receptors there is a CRH binding protein (CRH-BP). 
CRH-BP has been reported in mammals (Potter et al. 1991; Cortright et al. 
1995; Behan et al. 1996) and the teleost Mozambique tilapia (Tilapia mos-
sambicus) (Seasholtz et al. 2002). The CRH-BP has been suggested to bind 
CRH with high affinity and thereby decrease CRH effects (Potter et al. 1991; 
Woods et al. 1994; Cortright et al. 1995). 

CRH related peptides 
Several neuropeptides closely related to CRH have been identified including 
Urocortin I-III in mammals (Vaughan et al. 1995; Lewis et al. 2001; Reyes 
et al. 2001), sauvagine in anurans (Montecucchi et al. 1979) and Urotensin-I 
(UI) in teleost fish (Lederis et al. 1982; Ishida et al. 1986; Bernier et al. 
1999). 
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Several effects of UI have been reported in teleost fish including an in-
crease of in vitro ACTH release (Fryer et al. 1983; Tran et al. 1990). Fur-
ther, central administration of UI increases mean dorsal aortic blood pressure 
in rainbow trout (Mimassi et al. 2000) and reduces feeding in goldfish 
(Bernier 2001). 

UI binds to the CRH receptors but is believed to have a different affinity 
compared to CRH. This difference could be similar to the difference be-
tween Urocortin I and CRH. The CRH-R1 binds both CRH and Urocortin I 
with similar affinity whereas the CRH-R2 has a higher affinity for Urocortin 
I (Vaughan et al. 1995; Donaldson et al. 1996; Ozawa et al. 1998). 

CRH and social interactions 
Social subordination results in an increase of the CRH mRNA expression in 
the PVN of rats (Albeck et al. 1997) and in the POA of rainbow trout 
(Doyon et al. 2003). The expression of CRH mRNA, and also UI mRNA, is 
increased by other stressors as well. Hypoxia, for example, elevates mRNA 
expression of both CRH and UI in rainbow trout (Bernier and Craig 2005). 

CRH may affect aggressive behaviour. In rats, low doses of CRH in-
creases aggressive behaviour whereas at high doses this increase is not ap-
parent (Elkabir et al. 1990). Further, in rats intracerebroventricular injection 
of the CRH antagonist �-helical CRH9-41 (ahCRH) decreases aggressive be-
haviour (Aloisi et al. 1999). 

CRH and stress coping strategies 
Similar as in AVP/AVT, a connection between CRH and stress coping 
strategies is likely based on CRH involvement in the HPA/HPI axis. In HAB 
and LAB rats (described above), the mRNA expression of CRH and its re-
ceptors differs. For instance, during basal conditions HAB rats have lower 
CRH mRNA expression in the bed nucleus of the stria terminalis (Wigger et 
al. 2004). Further, during basal conditions expression of CRH-R2 mRNA 
was higher in the PVN and ventromedial hypothalamus in HAB rats (Wigger 
et al. 2004). Post stress, HAB rats showed higher CRH-R2 mRNA expres-
sion in the ventromedial hypothalamus and central amygdala (Wigger et al. 
2004). In addition, in mice selected for aggressiveness, the less aggressive 
mice had higher expression of CRH mRNA in the hypothalamus after stress 
(Veenema et al. 2003). 

Interaction between CRH and 5-HT 
An interaction between CRH and 5-HT has been proposed. The existence of 
CRH fibres have been reported in the raphe nuclei in mammals (Sakanaka et 
al. 1987; Kirby et al. 2000; Valentino 2001). Further, CRH appears to modu-
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late 5-HT release in mammals (Lowry et al. 2000; Price and Lucki 2001; 
Price et al. 2002). Central administration of the SSRI fluoxetine potentiated 
CRH induced locomotor activity in chinook salmon (Clements et al. 2003). 
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Objectives 

The aim of this thesis has been to investigate how the neuropeptides AVT 
and CRH affect behaviour and stress responses in rainbow trout. This has 
been done using two strains of rainbow trout differing in stress responsive-
ness and normal rainbow trout. Behavioural divergence between the two 
strains was evaluated. Further, differences in the mRNA expression of AVT, 
CRH and their receptors were also evaluated in these two strains. In non-
selected hatchery strain of rainbow trout, the effect of exogenous administra-
tion of AVT, CRH and their respective receptor antagonists on agonistic 
behaviour. Other neuroendocrine systems involved in the stress response 
were also monitored, including plasma cortisol and brainstem monoamines. 
The following questions were addressed: 

1. Do rainbow trout of two different strains, selected for divergent 
stress responsiveness, differ in neuroendocrine stress responses and 
behaviour? If they differ, do these differences correspond to diver-
gent stress coping strategies? (Study I) 

2. Do rainbow trout of two different strains, selected for divergent 
stress responsiveness, exposed to confinement stress for different 
time periods respond with divergent behaviour, neuroendocrine re-
sponses and mRNA expression of AVT, CRH and their receptors? 
(Study II) 

3. Does intracerebroventricular administration of AVT and the V1A  re-
ceptor antagonist Manning compound affect aggressive behaviour 
and the outcome of dyadic fights for social dominance in rainbow 
trout? Are neuroendocrine stress responses affected by administra-
tion of AVT and Manning compound? (Study III) 

4. Does intracerebroventricular administration of CRH, UI and the 
CRH receptor antagonists ahCRH and antalarmin affect aggressive 
behaviour and the outcome of dyadic fights for social dominance in 
rainbow trout? Are neuroendocrine stress responses affected by ad-
ministration of CRH, ahCRH, UI and antalarmin? (Study IV) 
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 Material and methods 

Experimental animals and laboratory location 
Study I was performed at the fish holding facilities of the Centre for Ecology 
and Hydrology, Windermere, UK. The experimental fish were rainbow trout 
of two F3 strains divergent for cortisol response when exposed to a standard-
ized stressor (confinement). This divergence had been obtained by individual 
within family selection of fish from the F2 strains as described by Pottinger 
and Carrick (1999). Prior to the experiments, HR and LR fish were main-
tained separately in circular glass fiber outdoor holding tanks (1000 l), each 
supplied with 25 l/min flow-through of lake water at ambient temperature. 
During the experimental period, the water temperature varied between 12°C 
and 14°C. The fish were fed on a commercial diet (Skretting Excel 30 for 
fingerlings) three times per week according to the manufacturers' recom-
mendation. 

Study II was performed at the fish holding facilities of the Norwegian In-
stitute for Water Research, Solbergstrand, Norway. The experimental ani-
mals were rainbow trout of two F4 strains divergent for cortisol response 
when exposed to a standardized stressor (confinement) following the same 
procedure as described above for F3 strains. Prior to the experiments, HR 
and LR fish were maintained separately in glass fibre holding tanks (150 
litres), each supplied with 2.0 l/min flow-through of ambient water from the 
local stream “Solbergbekken”. During the experimental period, the tempera-
ture varied between 9ºC and 11ºC. The fish were fed on a commercial diet 
(EWOS, 3mm pellets) once a day at 0.5% of the total body mass. 

Studies III and IV were performed at the department of Comparative 
Physiology, Evolutionary Biology Centre, Uppsala University. Experimental 
animals were juvenile rainbow trout of both sexes. Prior to the experiments, 
the fish were kept indoors in a 1 m3 holding tank at a rearing density of ap-
proximately 0.02 kg/l for at least one week. The holding tank was continu-
ously supplied with aerated (>90% O2 saturation) Uppsala tap water (pH 7.6, 
HCO-

3 5.2 mM, Ca2+ 2.8 mM, Mg2+ 0.4 mM) at 8-11ºC and the light/dark 
regime was continuously and automatically adjusted to latitude 51ºN condi-
tions. Fish were hand-fed with commercial trout pellets (EWOS ST40, Ewos 
AS, Bergen, Norway) at 1-2% of their body mass per day. At the start of 
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experiments, fish were kept in social isolation for one week in experimental 
aquaria (250 L) supplied with aerated Uppsala tap water (0.8 l/min, 8-11 ºC). 
Aquaria were compartmentalized into four equally sized 62.5 L compart-
ments using removable dark plastic walls. The light/dark regimen was 12 h 
light/12 h darkness (light on at 08.00 and light off at 20.00 hours), light pro-
vided by a 30-W Lumilux daylight fluorescent tube placed 400 mm above 
the water surface of each aquarium. The fish were hand-fed commercial 
trout pellets (EWOS ST40) corresponding to 1% of their body mass per day, 
and approximate number of pellets consumed were noted. At the end of the 
acclimation period, all individuals consumed a number of pellets corre-
sponding to 1% of their body mass. 

Experimental protocols 

Study I 
Fish were randomly selected from the holding tank and moved into the home 
aquaria (90 cm in length, 30 cm in width, water level of 32 cm). Each aquar-
ium was divided into four compartments of equal size (22 cm × 30 cm × 32 
cm) by partitions made of grey plastic. The aquaria were continuously sup-
plied with lake water (1 l/min) at ambient temperature. Light was provided 
by fluorescent tubes in the ceiling with a regime of 12 h light/12 h darkness. 
The fish were then allowed to acclimate for 2 weeks prior to the experi-
ments. During this period, the fish were fed a ration of approximately 1% of 
their body mass each day. All fish in this experiment were subjected to four 
different behavioural tests. During the recovery periods between the behav-
ioural tests (3 days), the fish were fed to satiation or a maximum of 0.5% of 
their body mass each day. All fish did not resume feeding immediately after 
the tests, but by the end of the recovery period, all fish were feeding. This 
was used as an indication that the fish had more or less fully recovered from 
the previous behavioural test before the next one was conducted. 

After the first acclimation period, a con-specific, approximately 50% of 
the body mass of the resident fish, was introduced to each compartment. All 
intruders came from the HR strain and were naive to this treatment. During 
the experiment, the behaviour of the pairs of fish was recorded on video. 
After the intruder test, the fish were exposed to the next experimental envi-
ronment, the stream channel. This consisted of a glass fibre channel divided 
into two equal parts (each 7.0 m long, 36 cm wide). The water level in the 
channels increased from 20 cm at the top of the channel (inflow) to 25 cm at 
the outflow. The channels were continuously supplied with lake water (10 
l/min) at ambient temperature. An oval cage of plastic netting without a roof 
was placed at the end of each channel. Both cages were 36 cm wide and 22 
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cm across and had a door, which could be remotely opened. At a point 4.3 m 
upstream from the cage, a shelter had been made out of two piles of stones 
(approximately 10 cm × 7 cm) with a big flat stone positioned across them 
(approximately 20 cm × 30 cm). Along the entire length of the channels, a 
screen was erected in order to be able to observe the fish without influencing 
their behaviour. Individual fish were transferred to the cage at the end of 
each channel and left there to settle for 10 min. After this period, the re-
motely operated door was opened, giving the fish a free passage to the 
proper shelter further up the stream. From behind the screens, two observers 
measured the time the fish spent in the cage before swimming out (escape 
latency). The fish were given a maximum of 30 min to leave the cage, and 
fish that did not leave were assigned an escape latency of 1800 s. In the next 
experiment, the fish were individually transferred to the open field aquaria, 
consisting of four identical aquaria (60 cm × 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 back-
ground. The aquaria were continuously supplied with lake water (1 l/min) at 
ambient temperature. The behaviour was recorded on video during 12 min 
immediately succeeding the transfer. From the video recordings, the distance 
swum by each fish was calculated for 6 consecutive 2-min periods by the PC 
program Etho-Vision 3.0 (Noldus Information Technology by The Nether-
lands). After the open field test, the next experiment was the novel object 
test. This test was performed in the home aquaria. Before the fish experi-
enced any novel object, their “basic movement” was recorded on video for 5 
min. After this, the novel object was introduced to each compartment where-
upon their movement was recorded for 3 consecutive 5-min periods. From 
the video recordings, the time spent moving was measured and calculated as 
percent of total time (5 min). Finally, a confinement test was conducted. Fish 
were individually transferred to the “confinement boxes”, consisting of four 
rectangular black polypropylene boxes (17 cm × 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 solu-
tion could be administered. Transfers were staggered to allow time for sam-
pling. The fish were held in the confinement boxes for 60 minutes before 
they were sacrificed. 

Study II 
Fish were randomly selected from the holding tank and moved into new 
aquaria. These were 8 plastic aquaria (20 cm in length, 30 cm in width, water 
level of 20 cm, 12 L). Each aquarium was divided into two compartments of 
equal size (6 L) by partitions made of grey plastic. The aquaria were con-
tinuously supplied with of ambient water from the local stream “Sol-
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bergbekken” (0.2 l/min). Light was provided by fluorescent tubes in the ceil-
ing with a regime of 12 h light/12 h darkness. This system was used for iso-
lation and acclimation of individual fish. All fish in this study were subjected 
to a behavioural test as well as monitoring the physiological stress responses 
to a confinement stressor. Confinement boxes consisted of 16 fine meshed 
nets strapped around rectangular frames (15 cm x 10 cm with a water level 
of 3 cm) submerged in a large glass aquarium with ambient water from the 
local stream. The confinement boxes were covered on five sides, leaving one 
side transparent for video taping the behaviour of the fish. 10 fish from the 
HR and LR strain were kept in confinement for 30 minutes, while the next 
10 fish from each strain were confined for 180 minutes. The remaining 10 
fish from each line were sampled directly after acclimation and served as 
control. The behaviour of the fish during confinement was video taped dur-
ing a 10 minute period directly following transfer for later behavioural 
analysis. 

Study III and IV 
Fish were randomly selected from the holding tank and anesthetized lightly 
with ethyl 4-amino benzoate (0.25 g/L), weight-matched in pairs, deviation 
within pairs being less than 5%, and tagged by a small cut, either ventral or 
dorsal, on the caudal fin. Pairs were transferred to experimental aquaria and 
were kept in neighbouring compartments. Following isolation for one week 
behavioural experiments began. Fish were again lightly anesthetized with 
ethyl 4-aminobenzoate and an active substance (AVT, CRH, Manning com-
pound, antalarmin, UI or �-helical CRH9-41 (ahCRH)) or 0.9% saline (con-
trol) were injected icv (see below). All active substances were administrated 
in two doses to study dose dependent effects. After the injection, fish were 
allowed to recover in isolation for 20 or 30 minutes. After recovery, partition 
walls between the paired fish were removed and social interactions started. 
Interactions continued for 60 minutes which were filmed for later behav-
ioural analysis. In all pairs, a clear dominant-subordinate relationship was 
established, with one fish being dominant and the other subordinate (as de-
scribed by Øverli et al. 1999). Also, isolated fish were subjected to treat-
ments but were kept isolated instead of interacting during 60 minutes. 

Intracerebroventricular injection 
Substances dissolved in saline were injected into the third ventricle as de-
scribed by De Pedro et al (1993). A 10-�l Hamilton syringe coupled with a 
20 PE cannula to a 30-gauge Microlance needle was used for injection, and 
the injection volume was 1 �l. During injection, fish were anaesthetized and 
placed in a holder to prevent movements. When the fish was in the holder, a 
freehand injection was performed. The localization of the injection was first 
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tested by injection of dyes. Further validation included saline injection and 
behavioural observations. Success rate was ~90 % and behavioural distur-
bances and brain bleedings were noted if the injection failed. 

Blood and brain sampling 
At the end of each study, the fish were netted and sacrificed using ethyl 4-
amino benzoate (0.5 g/L) or other anaesthetics. The fish was weighed and 
blood collected through the caudal vasculature with a heparinized syringe. 
The blood was subsequently spun and the plasma collected and stored at -80 
ºC for later analysis. Thereafter, the spinal cord was cut and the whole brain 
or selected parts depending on study was collected. The brain samples were 
wrapped in aluminium foil, frozen in liquid nitrogen and stored at -80ºC for 
later analysis. 

Assays 

Plasma cortisol 
The concentration of plasma cortisol in the experiments, except in study I, 
were analysed using a commercial enzyme-linked immunosorbent assay 
(ELISA) kit (product # 402710, Neogen corporation, Lexington, USA). In 
short, plasma samples were extracted in ethyl acetate, the organic phase 
evaporated and dissolved in buffer provided in the kit. The plates included in 
the kit were exposed to the samples and standards, and then the enzyme-
conjugate and substrate were added. Prior to reading, 1N HCl was added to 
stop enzyme reaction. Absorbance was read at 450 nm. 

In study I, the concentration of cortisol in the plasma samples was ana-
lysed in ethyl acetate extracts using the radioimmunoassay described by 
Pottinger and Carrick (2001). The antibodies used in this assay were IgG-F-2 
and IgG Corp. in a 1:600 proportion. The sensitivity (minimal detection 
limit) of this assay was 0.3 ng/ml. 

High performance liquid chromatography with electrochemical 
detection 
Monoamine levels in brainstem were analysed by a high performance liquid 
chromatography with electrochemical detection (HPLC-EC) as described by 
Øverli et al (1999). Brainstems were homogenized in 4% (w/v) perchloric 
acid (PCA) and centrifuged. The supernatant was stored at –80°C and ana-
lysed later. The HPLC apparatus consisted of a solvent delivery system 
(Coulochem, W/Multiole, P’STATS, USA), an auto injector (Midas, Spark, 
Holland), a reverse phase column (4.6 x 100 mm, Hichrom, C18, 3.5 �m) 
kept at 40 °C, and an ESA 5200 Coulochem II EC-detector (ESA, Bedford, 
Ma., USA) with two electrodes at an oxidizing potential of -40 mV and +320 
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mV. A guard electrode with a potential of +400 mV was employed before 
the analytical electrodes to oxidize potential contaminants. The mobile phase 
was delivered at 1 ml/min and consisted of 75 mM sodium phosphate and 
7% acetonitril and brought to a pH of 3.0. Samples were analysed by a com-
parison with standard solutions of known concentrations. The concentration 
of the monoamines (5-HT, DA, NE) and their acid metabolites (5-HIAA, 
DOPAC, HVA) were used to measure the activity of the different mono-
aminergic systems (Shannon et al. 1986; Winberg et al. 1991). 

mRNA analysis 
RNA was extracted from brain using a commercial kit (QIAGEN), treated 
with DNase (Ambion) to remove DNA. Spectrophotometric analysis was 
performed to check quantity and quality. cDNA was prepared using another 
commercial kit (Stratagene). Primers were designed for CRH, CRH-R1, 
CRH-R2, AVT, arginine vasotocin receptor (AVT-R) and elongation factor 
1� (EF1�) using Oncorhynchus mykiss or Oncorhynchus keta mRNA se-
quences. 

Quantitative polymerase chain reaction (qPCR) was performed in a solu-
tion of Tris-HCl (10 mM) pH 8.3, KCl (50 mM), MgCl2 (6 mM), dNTP (0.2 
mM), SYBR Green (1:50 000), using a Rotor Gene 3000 instrument (Corbett 
Research). Primer concentration was 0.2 �M and AmpliTaq Gold (Applied 
Biosystems) was used at 1.25 U/reaction. For each primer pair, standard 
curves were performed including at least four serial dilution points of cDNA. 
After thermocycling, melting point curves were included to confirm that 
only one product was formed, if not, data was removed from further analy-
sis. The qPCR data was analysed by using Rotor-Gene 6 software. The 
mRNA expression was normalized to the amount of EF1� in each sample 
and this was chosen based on a study by Olsvik et al. (2005). 

Statistical analysis 
Normal distributed data were generally first processed by a multiple analysis 
of variance (MANOVA). If significant (P<0.05) effects were indicated by 
MANOVA the data was further analysed by an analysis of variance 
(ANOVA) and the Tukey post hoc analysis. In some cases the data were 
transformed in order to fulfil the assumption of normal distribution. 

If data did not fulfil the assumption of normal distribution, they were gen-
erally analysed using a Kruskal-Wallis test or Mann-Whitney U-test. If sig-
nificant (P<0.05) effects were by the Kruskal-Wallis test, data was further 
analysed by a Mann-Whitney U-test. A X2 test was used to analyze data on 
performing the first attack and the outcome of fights for social dominance. 
All statistics were processed with SYSTAT 8.0 software. 
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Results and discussion 

Physiological stress responses 

Plasma cortisol 
As expected, social stress as well as confinement resulted in elevated plasma 
cortisol compared to unstressed controls. 

Differences between the HR and LR fish in plasma cortisol responses 
were evident in the present work. In study I, using strains of the F3 genera-
tion, plasma cortisol levels were higher in the HR fish after 60 minutes of 
confinement stress as expected from previous reports (Pottinger and Carrick 
2001; Trenzado et al. 2003). In study II, using strains of the F4 generation, 
plasma cortisol were higher in the HR fish at 0 (controls) and 30 minutes of 
confinement stress, but at 180 minutes of confinement stress there was no 
difference between the HR and LR fish. In an earlier study of the F2 genera-
tion of HR and LR fish, the plasma cortisol was reported to be higher after 
120 minutes of confinement stress in the HR fish, but no differences were 
evident between the strains after 360 minutes (Trenzado et al. 2003). The 
authors suggested that the divergent plasma cortisol responses of the HR and 
LR fish are an effect of the difference in the early rate of change of cortisol 
release. Since a difference between strains was also apparent after 0 minutes 
of confinement (controls) in the present work, the strains of the F4 genera-
tion may also differ in basal levels of plasma cortisol. Thus, the F4 genera-
tion of the HR and LR fish may differ not only in the rate of change in corti-
sol release but also in basal HPI axis activity. Generally, the effect of con-
finement stress corroborates previous reports concerning the F1 (Øverli et al. 
2002b), F2 (Pottinger and Carrick 2001; Schjolden et al. 2006a) and F3 
(Trenzado et al. 2003) generations of HR and LR fish. 

Further, social interactions affected plasma cortisol. In both study III and 
IV, subordinate fish had elevated plasma cortisol levels compared to isolated 
and dominant fish, which is consistent with previous studies (De Goeij et al. 
1992; Blanchard et al. 1993; Blanchard et al. 1995; Winberg and Lepage 
1998; Hoglund et al. 2000). In addition, dominant fish in study III had ele-
vated plasma cortisol compared to isolated fish. This indicates that icv injec-
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tion is a milder stressor than social interactions. However, in study IV this 
difference between dominant and isolated fish was not apparent, thus contra-
dicting the conclusion that icv injection is a milder stressor than social inter-
actions. Similar results when using icv injection of CRH, ahCRH or vehicle 
has previously been reported (Clements et al. 2002; Carpenter et al. 2007). 
In Chinook salmon, icv injection in itself seemed to elevate plasma cortisol 
compared to basal levels (Clements et al. 2002). Recently, this effect has 
also been reported in rainbow trout (Carpenter et al. 2007). These contradic-
tive results of study III and IV concerning plasma cortisol seem to be an 
effect of the isolated fish having higher plasma cortisol in study IV. The 
reason for the contradictive results is not clear since in both experiments a 
similar method was used. However, some differences between the two stud-
ies exist. They were performed at different occasions and some minor altera-
tions in the experimental protocol were done between experiments. 

Brainstem monoamines 
Stress also affected the monoaminergic systems in the present work. In study 
II, confinement stress affected the serotonergic and dopaminergic systems. 
Effects on the serotonergic system were evident in both the 5-HIAA and 5-
HT concentration. The concentrations of 5-HIAA and 5-HT were elevated 
after confinement for 30 and 180 minutes compared to confinement for 0 
minutes (controls). Previous studies have also reported similar results on 
brainstem serotonergic activity concerning confinement stress in HR and LR 
fish (Øverli 2001; Schjolden et al. 2006b). These results indicate that the 
serotonergic system is activated by confinement stress similar to earlier re-
ports concerning stress effects on 5-HT (Thierry et al. 1968a; Winberg and 
Nilsson 1993; Carrasco and Van de Kar 2003). The concentration of the 
metabolite HVA and the ratio of HVA to DA were elevated after 30 and 180 
minutes of confinement stress compared to controls. This activation of the 
dopaminergic system is also a well known response to stress (Bliss and Ail-
ion 1971; Richardson 1984; Øverli et al. 1999; Overli et al. 2002b; Fuchs 
and Flugge 2003). There were no significant differences between the HR and 
LR fish in the dopaminergic or serotonergic stress response as previously 
reported (Øverli et al. 2002b; Øverli et al. 2005; Schjolden et al. 2006b). 
This may be ascribed to different experimental set up and the use of another 
generation of LR and HR fish. 

Further, stress responses of the monoaminergic systems are reported in 
study III and IV. In study III, the concentrations of both 5-HIAA and 5-HT 
are elevated by social interactions compared to isolated fish, but no differ-
ences between dominant and subordinate fish were noted. In study IV, the 
concentration of 5-HT was elevated after social interactions when ahCRH, 
CRH or saline was injected icv. These results could be viewed as normal 
stress responses with increased serotonergic activity (Thierry et al. 1968a; 
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Winberg and Nilsson 1993; Carrasco and Van de Kar 2003). Since 5-HT has 
been reported to inhibit aggression in vertebrates (Winberg et al. 1992; Mat-
ter et al. 1998; Summers et al. 1998; Chiavegatto and Nelson 2003; Clotfel-
ter et al. 2007), the serotonergic activity should differ between the dominant 
and subordinate fish, because the subordinate is not performing any aggres-
sive acts. However, no difference in serotonergic activity was evident be-
tween the dominant and subordinate fish. It has been reported that differ-
ences in brainstem 5-HT activity between dominant and subordinate fish are 
apparent first after 24 hours social interaction (Øverli et al. 1999). Thus, in 
study III and IV the duration of dyadic interaction was probably too short to 
allow differences in brain 5-HT activity between dominant and subordinate 
fish to be detected. 

In study IV, brainstem concentrations of DOPAC and DA were elevated 
in socially interacting fish. This effect is consistent with a stress-induced 
activation of the dopaminergic system (Bliss and Ailion 1971; Fuchs and 
Flugge 2003). Since DA is reported to elicit aggression in vertebrates (Geyer 
and Segal 1974; Munro 1986; Matter et al. 1998; Hoglund et al. 2001), a 
higher DA activity could be expected in dominant fish. However, no differ-
ence in dopaminergic activity was apparent between the dominant and sub-
ordinate fish. Similar to the effect on brainstem 5-HT activity, Øverli et al. 
(1999) showed that effects on brainstem DA in rainbow trout were not seen 
until after 24 hours of interactions after dominance establishment. Thus, it 
was probably too early to notice differences in dopaminergic activity in this 
work. 

Behavioural differences between HR and LR fish 
The HR and LR strains differed in several behavioural parameters in study I 
and II. The behaviours investigated included both mild and severe stress 
behaviour. Strain differences in behaviour in study I included the intruder 
test, stream channel and open field. All these behaviours can be considered 
to be mild stressors. In study II, strain differences were seen in behaviours 
during confinement stress, and confinement stress is a more intense stressor. 

In study I, the intruder test was applied to quantify aggression. The ob-
served differences between strains indicated that the HR strain was more 
aggressive based on more attacks executed. Proactive animals are reported to 
be more aggressive (Koolhaas et al. 1999), hence the HR strain would be 
proactive. However, neuroendocrine responses to stress of the HR strain 
have been reported to be similar to those of the reactive coping strategy 
(Øverli 2001; Schjolden et al. 2006b). Previous reports also indicated that 
the LR strain is more aggressive. When paired together with a size matched 
individual from the HR fish, the LR fish became dominant (Pottinger and 
Carrick 2001). Schjolden et al. (2006a) proposed that the divergence in lo-
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comotor activity between the strains, LR fish having higher, was caused by 
more inter-individual aggression in the LR fish. These differing results con-
cerning aggression could be explained by the differences between the tests 
for quantifying aggression. The resident-intruder test is a rigged fight for 
dominance, where the resident individual will win. In a normal fight for 
dominance, two seemingly equal matched fish are paired up and which one 
will become dominant is not evident. Further, after dominance has been 
achieved, aggression has been reported to be reduced (Winberg and Lepage 
1998). Since the time point for establishment of dominance is an unknown 
factor in the resident-intruder test, aggression could be reduced earlier in 
some cases. Thus, evaluation by the number of attacks is probably not an 
accurate estimation of aggression. Attack latency could be a better evaluat-
ing parameter. However, no divergence between strains was noted in the 
attack latency in study I. 

Further, the stream channel test revealed strain related behavioural differ-
ences. Since all fish that left the start cage swam to the upstream refuge di-
rectly, this divergence in behaviour was reflected in the latency to leave the 
start cage. However, over half of the fish never left the start cage. Most of 
them belonged to the LR fish and thus had maximum latency. Thus, the HR 
fish had shorter latency to leave the start cage. This could mean that the LR 
fish are less flexible in behaviour when exposed to a new environment than 
those of the HR strain. This is consistent with findings that proactive animals 
are less flexible in behaviour than reactive animals (Koolhaas et al. 1999). 

Furthermore, in the open field test the LR fish were more active than HR 
fish during the first two minutes and less active during the last two minutes. 
The proactive animals reaction to stress includes higher activity (Koolhaas et 
al. 1999). This indicates that the LR fish corresponds to a proactive coping 
strategy. The fact that activity was lower in the LR fish after 10 minutes 
suggests that proactive animals can be flexible in behaviour during certain 
contexts. 

In study II, the behaviour during confinement stress showed several dif-
ferences, which all showed a higher general activity in the HR fish. How-
ever, high activity of HR fish during confinement may be more related to 
panic than active escape. A more confined space is likely to be more stress-
ful and therefore affect the behavioural response. 

There are several behavioural differences between the HR and LR fish 
suggesting that they show divergent stress coping strategies. Together with 
the neuroendocrine stress responses this suggests that the HR fish displays 
reactive stress coping strategy and the LR strain proactive stress coping. 
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The AVT system — agonistic behaviour and stress 
responses 

AVT and AVT-R mRNA expression in HR and LR fish 
In study II, AVT and AVT-R mRNA expressions were affected by confine-
ment stress, but no significant differences were evident between the HR and 
LR strains. The AVT mRNA expression was lower after 30 compared to 180 
minutes of confinement stress. In an earlier study, Gilchriest et al. (2000) 
reported that the AVT transcript in parvocellular cells of the POA in rainbow 
trout was elevated after 2 hours of confinement stress and an additional 2 
hours of recovery. Thus, there appear to be an up-regulation of AVT mRNA 
in response to a stressor in teleost fish. However, this up-regulation has not 
been reported earlier than 4 hours after stress. Therefore the result of the 
present study, that confinement did not affect AVT mRNA expression could 
be due to the short duration of the stress. However, the up-regulated AVT 
mRNA expression at 180 minutes of confinement stress compared to 30 
minutes could be an early indicator of this change in expression. The AVT-R 
mRNA expression was down-regulated by confinement stress compared to 
controls. Since AVT-R has been reported to induce the pituitary ACTH re-
lease (Pierson et al. 1996) this down-regulation of AVT-R mRNA could be a 
part of the negative feedback system. Down-regulation of the receptor could 
desensitize the response to endogenous AVT. 

Taken together, the results do not indicate that stress coping strategies are 
connected with AVT and AVT-R mRNA expression in HR and LR strain. 
Wigger et al. (2004) reported similar results in HAB and LAB rats with no 
divergence between strains in binding of the AVP V1A receptor before or 
after stress. In the same study, they however reported a divergence in AVP 
mRNA expression in the PVN, HAB rats showing higher expression than 
LAB rats both before and after stress (Wigger et al. 2004). Since the AVT 
mRNA expression quantified in study II was not performed on specific re-
gions of the brain, a similar divergence can not be concluded. 

Behavioural and physiological effects of AVT, Manning 
compound or saline injected icv 
Aggressive behaviour was monitored during social interactions. Shortly, 
aggressive behaviour started with fish displaying and circling around each 
other. After some time, the first attack was performed by a bite of one indi-
vidual on the other, and this time is termed latency to attack. The individual 
performing first attack was noted. During some time both fish were equally 
active, exchanging bites and chases at similar rates. Finally, one individual 



 34 

forfeited the fight for dominance and became subordinate. After this, the 
dominant individual kept attacking. The subordinate individual usually 
ended up in a corner or close to the surface, never retaliated an attack again. 
Attacks both during and following fight were counted. The time until the 
establishment of dominance/subordinance was noted. 

Treatment with AVT and Manning compound affected behaviour in study 
III. AVT received at a dose of 200 ng induced subordinance, whereas in fish 
receiving 20 ng AVT, 20 ng or 200 ng Manning compound there was no 
effect on the outcome of fights for dominance. Earlier studies on the effects 
of AVP/AVT on aggressive behaviour have reported a divergent effect de-
pending on social system (see introduction) (Goodson and Bass 2001). In 
this work, the results are consistent with the reports concerning territorial 
species, i.e. AVT reduced aggressive behaviour. In subordinates receiving 
Manning compound at a dose of 200 ng, the time for fight for dominance 
was prolonged compared to the subordinates receiving Manning compound 
at a dose of 20 ng, saline or AVT at a dose of 20 ng or 200 ng. This effect of 
Manning compound also indicate that AVT attenuates aggression in juvenile 
rainbow trout. Divergent effects of AVT/AVP on aggressive behaviour 
could be due to intraspecific differences in AVT/AVP receptor distribution. 
For instance, voles of monogamous and non-monogamous species show 
divergent distribution of AVP receptors and also differs in aggressive re-
sponse after administration of exogenous AVP (Insel et al. 1994; Young et 
al. 1997). The divergent distribution of AVP receptors in two closely related 
species of Peromyscus with different social systems has been proposed to 
affect aggression (Bester-Meredith et al. 1999). Similarly, differences in the 
AVT system have been reported concerning AVT distribution in teleost fish 
(Foran and Bass 1998; Godwin et al. 2000; Larson et al. 2006). There have 
been reports concerning distribution of AVT immuno-reactive cells differing 
between sexual phenotypes (Foran and Bass 1998) and AVT mRNA expres-
sion also differs between sexual phenotypes (Godwin et al. 2000). The dis-
tribution of AVT has also been reported to differ between dominant and 
subordinate males of zebrafish. The dominant zebrafish males have more 
AVT immuno-positive cells expressed in the magnocellular POA, whereas 
the subordinate zebrafish males have more AVT immuno-positive cells ex-
pressed in the parvocellular POA (Larson et al. 2006). This suggests that 
AVT differences in the POA between dominants and subordinates could be 
involved in modulating aggressive behaviour. Earlier reports have indicated 
that stress in itself affects the mRNA expression of AVP/AVT in parvocellu-
lar cells. For example, the expression of AVP/AVT mRNA in stressed fish is 
elevated in the parvocellular PVN of rats (Aubry et al. 1999) and in the par-
vocellular POA of rainbow trout (Gilchriest et al. 2000). Thus, the parvocel-
lular cells in the PVN/POA could be involved in the control of the HPA/HPI 
axis. If so, AVP/AVT in magnocellular neurons may be more involved in 
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aggressive behaviour as suggested in golden hamster (Ferris et al. 1989) and 
in zebrafish (Larson et al. 2006). 

Several studies have reported interaction between AVP/AVT and 5-HT 
(Delville et al. 1996; Ferris et al. 1997; Ferris 1999; Semsar et al. 2004). 5-
HT has inhibitory effects on aggression (see reviews by Nelson and Chiave-
gatto (2001); de Almeida et al. (2005); Popova (2006); Summers and Win-
berg (2006)). Therefore this interaction could influence aggression. In 
golden hamsters it has been hypothesized that 5-HT fibres act inhibitory 
whereas AVP acts excitatory on neurons in the anterior hypothalamus facili-
tating aggression (Ferris et al. 1997). Further, administration of the seroton-
ergic 5-HT1A-receptor agonist 8-hydroxy-2-(di-n-propylamino) tetraline 
(8OH-DPAT) into the hypothalamus suppresses aggression in part by inhib-
iting AVP neurons (Ferris 1999). In teleost fish some studies also have re-
ported 5-HT effects on AVT. Treatment with the SSRI fluoxetine both re-
duced aggression and AVT expression in males of the bluehead wrasse 
(Perreault et al. 2003; Semsar et al. 2004). Thus, it seems that 5-HT sup-
presses the AVP/AVT systems. In the present work no effects of AVT or 
Manning compound were evident on the serotonergic system. This suggests 
that AVT does not affect the 5-HT system, at least not in the brainstem, in 
juvenile rainbow trout. However, 5-HT could affect the AVT system. 

Glucocorticoids have been reported to have dose- and context dependent 
effects on aggressive behaviour in various vertebrates (see reviews by 
(Moore et al. 2005; Reeder and Kramer 2005)), including rainbow trout 
(Overli et al. 2002a; DiBattista et al. 2005). Short-term treatment with corti-
sol stimulates aggression whereas long term treatment has the opposite effect 
in rainbow trout (Øverli et al. 2002a). Further, DiBattista et al. (2005) re-
ported that treatment with cortisol induced subordinance in rainbow trout. 
Since AVT stimulates the HPI axis this could affect dyadic fights in the pre-
sent work. However, neither AVT nor Manning compound affected plasma 
cortisol. An elevation of plasma cortisol was expected from previous reports 
(Fryer et al. 1985; Baker et al. 1996). This difference might be ascribed to 
the use of lower concentrations of AVT in the present work. 

The CRH system — agonistic behaviour, anxiety and 
stress responses 

CRH, CRH-R1 and CRH-R2 mRNA expression in HR and LR 
fish 
The mRNA expression of CRH and its receptors, CRH-R1 and CRH-R2 
were not affected by confinement stress in study II. However, some differ-



 36 

ences between the HR and LR fish were apparent. The expression of CRH 
mRNA was higher in the HR fish after 180 minutes of confinement stress, 
and the expression of CRH-R2 mRNA was lower in the HR fish after 30 
minutes of confinement stress. Differences in the expression of CRH mRNA 
between the strains indicate that there is a divergence in the neuroendocrine 
stress responses. However, this divergence between strains in neuroendo-
crine stress responses is not apparent in the plasma cortisol after 180 minutes 
of confinement stress. Therefore the divergence in mRNA expression of 
CRH could be related to the behavioural differences between the HR and LR 
fish. 

Several behaviours are modulated by CRH (Lowry and Moore 2006). For 
instance, CRH has been reported to reduce feed intake in teleost fish (De 
Pedro et al. 1993; Bernier 2001), and the LR fish regain feed intake follow-
ing a stressful challenge faster than the HR fish (Øverli et al. 2002b). Thus, 
the higher expression of CRH mRNA in the HR strain during stress shown in 
the present work could mediate an anorexic effect in the HR strain. 

Further, CRH has been reported to increase locomotor activity in teleost 
fish (Clements et al. 2002; Clements and Schreck 2004). Previous reports as 
well as the present work (see above) have shown diverging activity between 
the HR and LR fish. The HR fish has been shown to have lower or higher 
activity than the LR fish (Øverli et al. 2002b; Schjolden et al. 2005a; 
Schjolden et al. 2006a) (and in this study, see above). These effects appear 
to be inconsistent and could be context based. When the LR fish showed 
higher activity, they were observed during conditions not believed to be 
stressful whereas when the HR fish showed higher activity, they were ob-
served during stressful conditions. The HR fish had lower activity when 
present in groups in large tanks, in open field and during isolation (Øverli et 
al. 2002b; Schjolden et al. 2005a; Schjolden et al. 2006a) but had higher 
activity during resident-intruder test (Øverli et al. 2002b) and confinement 
(this study). This divergence between strains concerning activity could be 
due to the difference in stress-induced effects on CRH release. 

Furthermore, CRH is involved in aggression and has been reported to at-
tenuate aggression (Mele et al. 1987; Gammie et al. 2004) and there is some 
evidence for CRH attenuating aggression in rainbow trout (study IV, see 
below). This means that the diverging neuroendocrine stress responses be-
tween strains could explain strain related differences in aggression. The HR 
strain has been proposed to be less aggressive. For instance, Pottinger and 
Carrick (2001) reported that when fish from the HR strain were paired with 
size matched fish from the LR strain, the HR fish became subordinate. In 
addition, the higher activity shown in tanks for LR strain was suggested to 
be caused by higher aggression (Schjolden et al. 2006a). Similarly, an inter-
action between aggression and CRH mRNA expression after stress has been 
reported in mice selected for aggressiveness (Veenema et al. 2003). The less 
aggressive mice showed higher CRH mRNA expression in the PVN 24 
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hours after stress compared to the more aggressive mice (Veenema et al. 
2003). This is consistent with the view of the HR fish as being less aggres-
sive and the result that CRH mRNA expression is higher after stress in the 
HR fish. 

The CRH-R2 is suggested to mediate behavioural responses of stress 
(Liebsch et al. 1999; Coste et al. 2000; Bale et al. 2002a). Urocortin II and 
III, both CRH-R2 agonists, induce anxiogenic behaviour in mice 
(Pelleymounter et al. 2004) and rats (Zhao et al. 2007) respectively. Carpen-
ter et al. (2007) reported an anxiogenic effect after central administration of 
CRH and a similar result is also presented in this work (see below). The 
HAB and LAB rats show different CRH-R2 binding both before and after 
stress in ventromedial hypothalamus (Wigger et al. 2004). Since HAB and 
LAB rats seem to express diverging stress coping strategies (Landgraf and 
Wigger 2003), the CRH-R2 could be diverging in the HR and LR fish. In the 
present work, the HR fish had lower CRH-R2 mRNA expression after 30 
minutes of confinement. This suggests that CRH-R2 could be involved in 
mediating the behavioural profile of divergent stress coping strategies. 

Behavioural and physiological effects of CRH, UI, ahCRH, 
antalarmin or saline injected icv 
In study IV, the same method as in study III was used to monitor aggressive 
behaviour. Treatment with CRH and UI induced a specific behaviour, con-
sisting of shaking the head from side to side. All fish treated with CRH for-
feited the fight for dominance directly after expressing this “head shake”. 
This behaviour appear to be similar to the non-ambulatory motor activity in 
rats after central administration of CRH described by Butler et al. (1990). 
The non-ambulatory motor activity could be an effect of increased anxiety 
(Blanchard and Blanchard 1989). Thus, the “head shake“ could be an anxi-
ety-related behaviour. A similar behaviour has recently been reported in 
rainbow trout after central administration of CRH and the authors suggested 
that this was an anxiogenic effect (Carpenter et al. 2007). This effect could 
be mediated by the CRH receptors, since these receptors have been sug-
gested to mediate anxiety responses. CRH-R1 knockdown in rats has an 
anxiolytic-like effect (Heinrichs et al. 1997) and in line with this, knock out 
of CRH-R2 in mice has anxiogenic effects (Bale et al. 2000a). These results 
suggest that CRH-R1 is mediating anxiogenic responses. However, as stated 
above stimulation of the CRH-R2 induces anxiogenic behaviour in mice 
(Pelleymounter et al. 2004) and rats (Zhao et al. 2007). In the present work, 
fish receiving UI displayed several bouts of “head shakes” whereas fish re-
ceiving CRH only displayed one bout of “head shake”. Thus UI seemed to 
be more potent in inducing this behaviour. Further, UI was administrated at a 
lower concentration than CRH. In addition, the receptors have been reported 
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to have different affinities for CRH and UI (Lovejoy and Balment 1999). 
CRH-R1 has a similar affinity for both CRH and UI whereas CRH-R2 has 
higher affinity for UI (Lovejoy and Balment 1999). Thus the “head shake” 
may be mediated by the CRH-R2. 

Treatment with CRH at a dose of 1000 ng induced subordinance, whereas 
CRH at a dose of 500 ng, ahCRH, UI and antalarmin did not affect outcome 
of fights for dominance in study IV. Subordination stress results in an eleva-
tion of CRH mRNA in the PVN of rats (Albeck et al. 1997) and in the POA 
of rainbow trout (Doyon et al. 2003). Further, CRH reduces aggression in 
mice (Mele et al. 1987; Gammie et al. 2004). This suggests that CRH sup-
presses aggression in juvenile rainbow trout. 

Further, treatment with CRH elevated plasma cortisol which is consistent 
with previous reports (Fryer et al. 1985; Baker et al. 1996). A similar effect 
was expected after treatment with UI since UI has also been reported to 
stimulate pituitary ACTH release (Fryer et al. 1985; Lederis et al. 1985), but 
no effect was found in the present work. This difference might be ascribed to 
the use of lower concentrations of UI in the present work. 

Furthermore, treatment with ahCRH, but not CRH, affected brain mono-
aminergic systems. CRH have been suggested to modulate 5-HT release in 
mammals (Lowry et al. 2000; Price and Lucki 2001; Price et al. 2002). Simi-
larly, central administration of the SSRI fluoxetine potentiated whereas the 
5-HT1A receptor antagonist NAN-190 attenuated the CRH induced locomo-
tor activity in chinook salmon (Clements et al. 2003). Carpenter et al. (2007) 
reported increased serotonergic activity in several areas in the brain. In addi-
tion, interaction between CRH and DA has been reported. Dopaminergic 
receptor agonists elevated CRH mRNA expression in PVN (Eaton et al. 
1996) and elevation of DA after icv injection of CRH in telencephalic brain 
areas in rainbow trout has been reported (Carpenter et al. 2007). This study 
could not show any effects of CRH on 5-HT or DA. However, the antagonist 
ahCRH affected both dopaminergic and serotonergic system. ahCRH re-
duced the concentrations of DA, 5-HIAA and 5-HT. In an earlier study, dy-
adic interacting were reported to elevate dopaminergic and serotonergic ac-
tivity (Øverli et al. 1999) and similar effects are produced by other stressors 
(see review by Johnsson et al. 2005). Thus the effect of CRH could be 
masked by the stress effects of dyadic interactions and injection icv. 

Summary and concluding remarks 
Behavioural divergence was apparent between the HR and LR fish. This 
behavioural divergence together with the differences in the neuroendocrine 
stress responses, suggest that these strains display divergent stress coping 
strategies. The HR fish appear to display a reactive stress coping strategy 
whereas the LR fish shows more of a proactive stress coping strategy. Some 
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differences in the CRH and CRH-R2 mRNA expressions were observed in 
the present work. These differences could be involved in mediating the be-
havioural divergence between the strains. Exogenous administration of AVT 
induced subordinance and Manning compound had some facilitating effects 
on aggressive behaviour. No interaction between AVT and 5-HT was ob-
served and AVT did not elevate plasma cortisol. Thus, in rainbow trout AVT 
suppresses aggression as suggested in territorial animals. Exogenous admini-
stration of CRH induced subordinance. This effect of CRH seemed to be 
mediated by the CRH-R1. Exogenous CRH and UI both induced an anxiety-
like behaviour, and this is suggested to be mediated by the CRH-R2. The 
suppressing effect of ahCRH on the stress-induced activation of serotonergic 
and dopaminergic systems suggests that CRH acts stimulatory on these brain 
monoaminergic systems. 
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Summary in Swedish 

Effekter av arginin-vasotocin och kortikotropin-
frigörande hormon på stressresponser och agonistiskt 
beteende hos regnbågslax 
När ett djur utsätts för en stressor så aktiveras centrala nervsystemet. Denna 
aktivering påverkar hypothalamus som är en region i hjärnan som sköter 
kontrollmekanismer för bland annat blodtryck, kroppstemperatur, ämnesom-
sättning och sömn. Hypothalamus frisläpper i sin tur kortikotropinfrigörande 
hormon (CRH) och arginin-vasopressin (AVP, också känt som antidiuretiskt 
hormon (ADH)). CRH och AVP aktiverar frisläpp av kortikotropin från hy-
pofysen till blodet. Genom blodtransport förs kortikotropinet till binjurarna 
och aktiverar frisläppande av glukokortikoider till blodet. AVP och CRH 
verkar dessutom som neurotransmittorer och neuromodulatorer och påverkar 
därför också olika beteenden. 

Stressorer av olika slag påverkar alla djur, både vad det gäller beteende 
och fysiologi. Effekten av stress har visat sig kunna vara förutsägbar på indi-
vidnivå. Detta gäller både beteende och fysiologiska variabler. Hos däggdjur 
har man påvisat att det huvudsakligen finns två olika strategier för denna 
stresshantering. Proaktiva djur är mer aggressiva och mobila än reaktiva djur 
när de interagerar med en annan individ av samma art. Proaktiva djur frisät-
ter mindre kortisol i blodplasman än reaktiva djur som följd av stress. 

I den här avhandlingen har studier gjorts för att utvärdera om två stammar 
av regnbågslax (Onchorhynchus mykiss), selekterade för hög (HR) respekti-
ve låg (LR) stressrespons, skiljer sig i beteende på ett sätt som motsvarar 
stresshantering hos däggdjur. Studier gjordes även för att se om dessa två 
stammar skiljer sig i mRNA-nivåer av AVT (vilket är motsvarigheten till 
AVP hos fiskar), CRH och/eller deras receptorer. 

Skillnader i beteenden mellan de två stammarna kunde påvisas i flera oli-
ka miljöer. Detta tillsammans med skillnader i stressrespons talar för att de 
har olika strategier för stresshantering. Vidare så skiljde sig mRNA-nivåerna 
av CRH mellan stammarna. HR-fiskarna hade högre mRNA-nivåer av CRH 
efter 3 timmars stress. Den skillnaden kan förklara vissa av de beteendeskill-
nader som påvisats mellan stammarna. CRH har påvisats öka rörelseaktivitet 
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och minska aggressivitet och födointag. Dessa beteenden har också observe-
rats hos HR-fiskarna och därför verkar CRH vara involverat i stresshantering 
hos fisk. 

Vidare gjordes studier angående beteendeeffekter av AVT, CRH, Uroten-
sin-I (en peptid nära besläktad med CRH), AVT-receptor antagonist eller 
CRH-receptor antagonister. Detta gjordes i oselekterad regnbågslax som 
tilläts interagera i par. En fisk i paret injicerades intracerebroventrikulärt 
med en neuropeptid eller receptor antagonist och den andra fisken injicera-
des intracerebroventrikulärt med fysiologisk saltlösning. Eftersom regnbågs-
lax är en aggressiv fisk så skedde en etablering av dominans via agonistiska 
interaktioner. 

Injektion av AVT inducerade subordinans. Detta sammanfaller med flera 
tidigare studier i territoriella vertebrater. I flera olika närbesläktade arter med 
olika sociala system, och därmed också olika aggressivitet, har den centrala 
distributionen av AVP/AVT-receptorer varit olika. Detta talar för att effek-
ten är medierad av centralt uttryck av AVT-receptorn. Injektion av både 
CRH och UI inducerade ett ångestliknande beteende, vilket tidigare påvisats 
i råttor. Detta ångestliknande beteende verkade vara mer utbrett hos fiskar 
injicerade med UI. Detta tyder på att det ångestliknande beteendet medieras 
av receptorn CRH-R2. CRH inducerade även subordinans och liknande ef-
fekter har tidigare observerats i möss. �-helical CRH9-41, som blockerar 
CRH-receptorer, hade nedreglerande effekt på dopamin- och serotoninsy-
stemen, vilket indikerar att CRH uppreglerar dopamin- och serotoninsyste-
men. 

Resultaten i den här avhandlingen indikerar att olika strategier för stress-
hantering finns hos fisk. CRH verkar vara inblandat i beteendeskillnaderna 
som finns mellan fiskar med olika strategier för stresshantering. Slutligen så 
verkar det som att AVT och CRH har inhibitoriska effekter på aggression i 
fisk. 
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