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Consistent individual competitive ability in rainbow trout as a proxy for coping style and its lack of correlation with cortisol 

responsiveness upon acute stress 

Manuel Gesto mges@aqua.dtu.dk 

Section for Aquaculture, DTU Aqua, Technical University of Denmark, Willemoesvej 2, 9850 Hirtshals, Denmark. 

Abstract 

For a given fish species, individuals are different in their ability to cope with stressors; each individual has its own set of physiological and 

behavioral responses to stress (stress-coping style). This individual diversity is of importance when considering the welfare of fish reared in 

aquaculture facilities. In this study with rainbow trout (Oncorhynchus mykiss) we investigated the link between the ability to compete for 

food of each individual (used as a proxy of dominance behavior/proactive stress-coping style) and its ability to cope with stress; we 

hypothesized that fish that are better competitors would be more robust against common aquaculture stressors. We screened 680 rainbow 

trout individuals for competition ability. This was done by submitting groups of 20 individuals to a 1-week competition trial where they 

were kept at low stocking density and were provided a restricted amount of food. A 15 % of the screened fish were selected as “winners” and 

another 15 % were selected as “losers”, based on growth rates during the competition trials. Fish were re-tested in a second competition trial 

after several weeks, to assess for consistency of competitive ability. Winner and loser fish were individually exposed to confinement and 

their neuroendocrine stress response was evaluated (serotonergic activity in telencephalon and brain stem, plasma levels of cortisol, glucose 

and lactate). Furthermore, behavioral responses to confinement and net restraining tests were also investigated. The results showed good 

temporal consistency of competitive ability in the lapse of time of the experiments. Besides, competitive ability showed a positive 

association to fish activity during the net restraining tests. However, plasma stress marker data showed a lack of relevant differences between 

the acute stress responses of winner and loser fish, adding up to the body of evidence suggesting that stress responsiveness might not be 

consistently linked to SCS in vertebrates. This, together with the inability of winner fish to outperform loser fish in usual stocking density 

conditions, suggests that there is no clear welfare or performance benefits in selecting fish of a specific coping style for fish farming, at least 

in the domesticated trout population used in the current study. 

KEYWORDS: individuality; competition; fish; aquaculture; welfare. 
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1. INTRODUCTION 

Within a given species, fish, as other vertebrates, are known to display large inter-individual differences in the way they behave and in the 

way they cope with stress. The concept of stress coping styles (SCS) has been defined as “a coherent set of behavioral and physiological 

stress responses which is consistent over time and which is characteristic to a certain group of individuals” [1]. While there is a continuum in 

this set of behavioral and physiological responses to stress, two different extremes are usually considered, the so called proactive and 

reactive SCS. Proactive fish usually behave more actively when facing a stressor, are more aggressive, present a higher motivation for 

feeding and are more prone to take risks [2]. They also tend to become dominant in species that display social hierarchies [3,4]. Reactive fish 

tend to face stressors more passively, are more cautious and tend to be subordinate in social hierarchies [2].  From the physiological point of 

view, proactive fish have been shown to display higher sympathetic reactivity, but a lower responsiveness of the hypothalamus-pituitary-

interrenal axis  (HPI; responsible for the release of the stress hormone cortisol) upon stress than proactive fish [5–7], and some studies have 

also found higher metabolic rates in proactive than in reactive fish [8–10]. 

Fish individuality might be of key importance for aquaculture, both from the fish performance and fish welfare points of view, since 

individuals with different SCS are likely to be differentially affected by the stressors encountered during intensive production [11]. Some of 

the traits belonging to proactive fish, such as the higher feeding motivation [12,13] or the lower cortisol/HPI reactivity [7], seem to be more 

adequate for life in captivity. In fact, it has been shown that fish production systems may favor the selection of bolder, risk-taking fish 

[11,14], a behavioral trait usually associated to proactive fish [2]. In spite of this, it remains unclear whether selecting and farming proactive 

fish could be an adequate tool for improving fish performance and welfare in aquaculture. Most of the studies showing improved 

performance of proactive fish have been performed in conditions that strongly differ from those found in commercial farms [13,15–17], and 

several studies do not show performance differences between proactive and reactive fish [10,18]. Besides, the view of proactive fish as 

having a lower cortisol response to stress has been questioned and currently remains unclear, at least in salmonids [19–22]. 

In the present study, we selected rainbow trout juveniles based on the individual ability to compete for a limited amount of food in 

conditions of low stocking density. Competitiveness is believed to correspond well to the proactive-reactive duality and at the same time 

might be on itself a potential advantageous trait for aquaculture [2,15]. Our two main objectives were (i) to assess the temporal consistency 

of the individual competitive ability and (ii) to evaluate whether selecting the fish by their competitive ability could be a useful tool to 

improve fish welfare in an aquaculture setup. Our main hypothesis was that fish of consistently different competitive ability would have 
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different behavioral and neuroendocrine responses to stress, which would highlight the value of this kind of behavioral selection as a 

potential tool to improve animal welfare in trout farms. 

2. MATERIALS AND METHODS 

2.1. Animals 

Rainbow trout juveniles were obtained from a local trout farm (Lundby Fisk, Nibe, Denmark) and were transported to the facilities of the 

Technical University of Denmark. Upon arrival, the mass (SD) of the fish was 85.9 g (17.1 g). The fish were allocated in 600 L tanks at a 

density of 20 Kg m
-3

 (approx. 140 fish per tank). The tanks were part of a recirculating system with the water temperature kept at 15 °C. The 

water quality was daily monitored for NO3
−
, NO2

−
, NH3/NH4

+
, pH and O2 saturation, the latter being kept at all times above 80 %. Fish were 

daily fed a commercial trout feed (EFICO E 920, Biomar, Brande, Denmark; 1 % body mass day
-1

). After a 4-week acclimation period, the 

procedures for fish selection started as described below. The use of fish in this study complied with Danish and EU legislation (Directive 

2010/63/EU) on animal experimentation. 

2.2. Fish selection 

Fish were selected according to their ability to compete for food in conditions of low stocking density and reduced food availability [20], as 

follows. Fish were weighed under anesthesia (isoeugenol - Aqui-S ®, 180 mg L
-1

) and 20 size-matched fish (body mass coefficient of 

variation below 10%) were allocated together in a 600 L circular tank. The resulting stocking density was always lower than 5 kg m
-3

. 

Starting on the day after allocation, an amount of feed corresponding to 0.5 % of the biomass in the tank was administered daily along a 12 h 

period by using mechanical belt feeders. After seven days, the fish were re-weighed under anesthesia (isoeugenol - Aqui-S ®, 180 mg L
-1

) to 

calculate the specific growth rate (SGR) for each individual, using the formula: 

 SGR = 100 ∗ (LN(final mass) − LN(initial mass))/time (days). 

Individual fish were identified based on the pattern of melanin spots on the head [23]. The three individuals with higher SGR were selected 

as winners (W), and the three with the lower SGR were selected as losers (L) of the competitive event. In some cases there was a tie in the 

SGR value for the individual ranked 3
rd

; 4 individuals were selected as W or L in those cases. All the fish with intermediate SGRs were not 
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used in the subsequent experiments. This competition setup was repeated a total of 34 times (using 4-6 experimental tanks at a time) to 

finally select a total of 115 W and 110 L fish. The selection process was completed in 8 weeks (Figure 1). The mass (SD) of the selected fish 

varied from 102.9 g (13.8 g), at the beginning of the selection process, to 135.1 g (24.9 g), in the last competition round. 

W and L fish were reared in separate tanks (2 tanks were used for each of the groups, 4 tanks in total), in the same conditions described 

above in section 2.1. However, during the selection process, a slightly increased feed ration was given to the fish selected as L, to 

compensate for the unbalanced growth between the W and L fish induced by the 7-day competition. One week after the last selection round, 

the feed ration was stablished at 0.8 % fish mass day
-1

 for both groups. 

The average individual mass of L and W fish was periodically evaluated after selection to monitor their growth (Figure 1). A number of fish 

from each group (n = 10-26) were netted at random, anesthetized (isoeugenol - Aqui-S ®, 180 mg L
-1

) and individually weighed. This was 

done 2 weeks after the last selection round and also when selecting the L and W fish for the second competition trials (see below). 

2.3. Experimental design 

Experiment 1: Acute confinement stress challenge 

Four weeks after the last selection round L and W fish were exposed to an acute stress challenge, consisting in a confinement stress protocol. 

Fish from both groups (n = 12 per group) were netted from their home tanks and allocated individually in 50 L tanks containing 10 L of 

water and air supply. Tanks were closed with a plastic lid, to prevent the fish being further altered by external stimuli. After 40 min, the fish 

were recaptured and anesthetized by immersion in (isoeugenol - Aqui-S ®, 180 mg L
-1

). A 100 µL blood sample was collected from the 

caudal vessels with heparin-rinsed syringes, and the fish were then delivered back to their home tanks. Control fish (n = 10 per group) were 

collected from the L and W home tanks and were directly anesthetized for blood collection. Blood samples were centrifuged (5000 g, 10 

min, 4°C) and plasma collected and stored at -80 °C until analysis of cortisol, glucose and lactate. The average mass (SD) of the fish in this 

experiment was 177.6 g (44.5 g). 

Experiment 2: Second competitive trial followed by confinement and net restraining tests. 
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A total of 85 W and 85 L fish were submitted to a second competition test (Figure 1) in order to assess for consistency of the competitive 

behavior. The average mass (SD) of the fish used in this second competitive trial was 206.9 g (45.3 g). A set of 5 L and 5 W fish were 

weighed under anesthesia (isoeugenol - Aqui-S ®, 180 mg L
-1

) and allocated together in a 600 L circular tank. The competitive trial was 

carried out as explained before, but using only 10 individuals in the tank instead of 20. The number of fish per tank in this second 

competition test was reduced to keep stocking density comparable to that of the selection process (lower than 5 kg m
-3

). The competitive 

setup was repeated a total of 17 times (using 4-6 experimental tanks at a time). The trial was completed in 7 weeks (Figure 1). At the end of 

each competitive trial, the fish were captured and directly submitted to an acute confinement stress protocol, as explained above. In this case, 

the behavior of each individual was video-monitored through a hole in the lid of the tank, as described below. In 12 out of the 17 replicated 

competitions, the fish were sampled for blood as explained for experiment 1, and were then sacrificed by an anesthetic overdose (isoeugenol 

- Aqui-S ®, 360 mg L
-1

). Immediately after, the brain of each individual was dissected out. The telencephalon and the brain stem were stored 

at -80 °C for the subsequent analysis of serotonergic metabolites. In these trials, 4 out of 10 fish in the tank were used as controls, and were 

not submitted to the stress protocols. Sampling of the control fish for plasma and brain tissues was done as described for stressed fish. 

In the rest of the cases (5 out of 17 replicated competitions), the fish were, after the confinement protocol, further exposed to a net 

restraining test (adapted from Castanheira et al., 2016, 2013), as follows. From the confinement tanks, the fish were directly poured to a dip 

net (left in the air) and the behavior of the fish was video-monitored for 1 min. After that the fish were immediately killed by anesthetic 

overdose (isoeugenol - Aqui-S ®, 360 mg L
-1

). 

At the end of the performed tests, the mass of each individual was recorded, either in fish sampled for blood and brain or in the fish 

submitted to the net restraining tests. The SGR of each individual during the second competition trial was calculated, and in each case, the 

three individuals showing the lower and higher SGR were categorized as the 2
nd

 competition losers (L’) and the 2
nd

 competition winners 

(W’), respectively. 

2.4. Behavioral analysis 

Confinement 
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In experiment 2 the behavior of each individual during the confinement period was video-recorded for 5 min. Videos were always taken 

within the period between 10 min and 25 min after the start of the confinement. A zenithal view was obtained from a hole in the lid of the 

confinement tank. During video analysis, different parameters were obtained from the 5-min videos. Those included the opercular beating 

rate (beats min
-1

), percentage of time spent moving, total distance covered (m) and average speed (m s
-1

). 

Net restraining test 

From the 1-min videos the following parameters were quantified: Duration of an initial immobile phase, number of “weak movements” 

(defined as movements which did not result in flips or displacement), number of “strong movements” (defined as movements resulting in 

jumps and/or displacement), total number of movements, longer string of strong movements (with no lag above 1 s between movements), 

and number of pauses (periods of immobility longer than 3 s). 

All parameters were quantified with the help of behavior-coding software (Solomon Coder ©, v. 17.03.22, www.solomoncoder.com). 

2.5. Biochemical analysis 

Plasma cortisol concentrations were measured using a commercial ELISA kit (ref. 402710, Neogen Europe, Ayrshire, UK), following the 

manufacturer’s instructions. Plasma glucose and lactate were analyzed with colorimetric kits from Sigma (ref. MAK013 and MAK064, 

respectively; St Louis, MO, USA). 

Concentration of serotonin (5-hydroxytryptamine, 5-HT) and its main oxidative metabolite, 5-hydroxyindoleacetic acid (5-HIAA) were 

quantified by means of HPLC with electrochemical detection, as previously described [20]. 

2.6. Statistical analysis 

All statistical analyses were performed with SigmaPlot version 12.5 (Systat Software Inc., San Jose, CA, USA). In the first and second 

competitive trials, mass before and after competition and individual SGR of L and W fish were averaged per competitive trial unit and then 

compared using paired t-tests (or Wilcoxon signed-rank test, when assumption of normality was not fulfilled). The levels of the plasma 

stress markers in experiment 1 (cortisol, glucose, lactate) were compared by two-way ANOVA with competitive group (L versus W) and 

treatment (control versus stress) as independent variables, followed by post hoc comparisons with the Holm-Sidak test. To evaluate the 
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growth of L and W fish, their average mass was compared over time using two-way ANOVA with time and competitive ability as 

independent variables. To determine the consistency of the competitive behavior, the relative contribution of L and W fish to L’ and W’ 

groups was analyzed by a Pearson’s chi-squared test. The plasma and brain stress markers in experiment 2 were compared using two-way 

ANOVA with competition ability and stress as independent variables, followed by post hoc comparisons with the Holm-Sidak test. 

Behavior-related variables in experiment 2 were compared using Student’s t-tests (or Mann-Whitney U tests, when normality or equality of 

variance assumptions were not fulfilled). Those behavioral parameters were assessed in two ways. First, data were compared between the L’ 

and W’ (i.e. the losers and winners of the 2
nd

 competition). Secondly, the data were also compared between the original selection groups, W 

and L. Statistical significance was set at p < 0.05. 

3. RESULTS 

Selection of L and W fish 

Figure 2 shows the individual mass before and after the competition during the selection process, as well as the corresponding SGRs, for the 

fish categorized and selected as L and W. There were no differences in the initial mass. After the 7-day competition events, the mass of the 

W fish was on average 20 % higher than that of L fish. 

Stress markers in W and L fish 

In the first stress experiment, the confinement protocol induced a clear increase in cortisol, glucose and lactate levels (Figure 3 and Table 1). 

A significant main effect of the competition group (p = 0.044) was found in glucose levels, which were 12 % higher in the L than in the W 

fish, independently of the confinement stress, but no post-hoc differences were found between L and W fish within any of the specific 

treatment groups. No interaction was found between the stress response of any of the markers and the competition ability of the fish.  

Growth during the interval between competitive tests 

The average mass of L and W fish after selection and before the second competitive trial is shown in Figure 4. Fish grew over time (F4,171 = 

21.8, p < 0.001) but no performance differences between L and W fish (F1,171 = 0.258, p = 0.612) and no interactions between time and 

competition group (F4,171 = 0.036, p = 0.997) were found. 
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Consistency of the competitive behavior 

Individuals categorized as L or W in the first competitive trial had an enhanced chance to become L’ or W’ in the second tria l, respectively 

(chi-square = 20.8, p < 0.001). Among the 36 selected W’ individuals, 27 were from the W group. Among the 36 L’ individuals, 30 belonged 

to the L group (Figure 5A). Also, fish originally categorized as L showed during the second competition trial a lower SGR (Mann-Whitney 

U-test, U = 872.0, p < 0.001) than fish originally categorized as W (Figure 5B). 

Plasma stress markers after confinement tests immediately after the 2
nd

 competition 

Figure 6 shows the response of cortisol, glucose and lactate to confinement in the fish found to be the losers and winners of the second 

competition event (L’ and W’, respectively). The n in this trial was variable, since the fish were randomly allocated to control or stressed 

groups before knowing the result of the competition (which was evaluated later based on the SGR of each individual). In all three parameters 

there was a clear increase as a result of the stress protocol (Figure 6 and Table 1). In the case of lactate, the two-way ANOVA analysis found 

an interaction between the effect of stress and the competitive group (Table 1). The simple main effects in this case showed that lactate 

levels were higher in W’ than in L’ fish within the controls but not within stressed fish. Besides, stressed fish showed higher lactate levels 

than control fish, for both L’ and W’ fish. The stress protocol also induced increases of 5-HIAA and 5-HIAA/5-HT in both the telencephalon 

and the brain stem (Figures 7 and 8, Table 1). In the case of the brain stem, an effect of the competition ability was found in both 5-HIAA 

and 5-HIAA/5-HT, with higher post-stress levels in the L’ than in the W’ group (Figure 8, Table 1). 

Behavior in confinement tests 

The inter-individual variation in the parameters assessed in this test was large, with the exception of the opercular beat rate (Table 2). A 

relevant percentage of the tested fish, similar for both competition groups, remained inactive during the test. No effects were found between 

L’ and W’ fish in any of the behavioral parameters assessed in these tests. Similarly, when taking into account the original L and W 

categories, no changes were observed (Table 2). 

Behavior in net restraining tests 
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After falling in the net and moving once or twice, most of the fish had an initial pause, whose duration was quantified. After this pause, fish 

started to move by beating the tail in series/strings. No effects were observed between L’ and W’ fish in any of the behavioral parameters 

assessed in this test (Table 2). However, the results showed an effect of the original competition group in the number of strong movements 

and in the jumps string, which were lower in L than in W fish (Table 2). 

4. DISCUSSION 

In order to evaluate the relevance of fish individuality in terms of welfare, it is necessary at first to characterize the behavioral type or SCS of 

the different individuals in the population to be studied. Different methods of behavioral screening have been used in fish, based on 

individual, pairwise or group behavioral tests (reviewed in Castanheira et al., 2017). Each kind of method has inherent advantages and 

disadvantages, that might be different depending on the objective or the fish species of study. While individual and pairwise tests allow for a 

precise assessment of fish behavior, and perhaps a better characterization of individual SCS, they are impractical when a rapid screening of 

high numbers of fish is needed. Depending on the aim of the study, they might also be inadequate when working with shoaling species. 

Different group-based tests have been recently used, such as group risk-taking tests [18,26], or hypoxia-avoidance tests [27–29], which are 

expected to characterize the fish based on their boldness. Those tests allow for the rapid screening of high numbers of fish, based on the 

latency for each individual to move from one to another zone of the experimental setup. Another advantage of these methods relates to the 

fact that the shoaling behavior in social species can be respected, which may help to avoid isolation-related stress associated to 

individual/paired tests. However, the potential interference of random factors on the screening is relatively high and therefore, the precision 

in the estimation of the individual SCS is expected to be lower than in individual or pairwise tests. Furthermore, the behavior of the fish in 

those tests could be difficult to interpret: In hypoxia avoidance tests, fish are usually given the chance to choose between a protected area in 

increasingly hypoxic water and a bright, exposed area containing normoxic water. Fish are then classified according to the latency to 

abandon the protected, hypoxic area. When the latency is higher, this can be interpreted as a tendency to avoid risks (a reactive-like trait) or 

as a higher resilience to tolerate environmental stressors or as a result of lower behavioral flexibility (proactive-like traits) [28,29]. In the 

current study, we used an intermediate approach between individual/paired and high throughput group tests for behavioral screening, trying 

to find a compromise between the advantages and disadvantages of both kinds of methods. We performed competitive trials with a reduced 

number of fish, promoting a competitive environment by reducing the stocking density and the availability of food. In these conditions, 

proactive fish, more aggressive/dominant and with a higher feeding motivation, are expected to be able to dominate space and food over fish 
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of more reactive SCS [30]. Therefore, fish screened as W and L, showing extreme SGR in these competitions, were assumed to be fish of 

more proactive and more reactive SCS, respectively. These kind of competitive tests are expected to provide precise information about the 

fish competitive ability/SCS, since SGR values do not merely represent a punctual behavioral response, but are integrating the fish food 

intake during the 7-day trial period. At the same time, they allow for a faster SCS characterization than individual or pairwise behavioral 

tests. 

While many studies evaluated behavioral and physiological differences between fish of different coping style, not much is known about the 

true determinants of individual differences. Genetic factors are believed to be involved in fish coping behavior [18,31–33]  but 

environmental factors and fish experience have been shown to induce behavioral changes in fish [34].  In this regard, fish are known to have 

a high level of behavioral plasticity. For example, boldness and other traits such as metabolic rates, performance or stress responsiveness, 

which are often used for characterizing fish SCS in behavioral tests, are known to be affected by the social environment and other 

environmental factors [25,35–39]. On the other hand, also aggression and dominance behavior depend on the social environment, and it is 

known that fighting for dominance in salmonids and other fish is usually reduced when the stocking density is relatively high [40–43]. Given 

that plasticity, it is perhaps understandable that fish behavioral traits display diverse levels of consistency across time and context. However, 

available information about the consistency of behavioral traits associated to SCS in fish is very limited.  While some studies show relatively 

good temporal and across-context consistency in the responses of fish to behavioral tests [3,24], other studies point to a lack of consistency, 

particularly when the consistency is tested across long periods or when the conditions of the fish change between tests [25,44]. In general, 

the consistency seems to vary depending on the species, the trait evaluated, the test used and the environmental conditions previously or 

during the tests. To which extent the lack of consistency is the result of a true change in fish personality or just due to punctual changes in 

the specific response evaluated in the used tests is difficult to know. In the current study, the time passed between the 1
st
 and 2

nd
 competition 

trial was different for each individual but ranged between 4 and 12 weeks. The level of consistency was high, since 75 % of the winners and 

83 % of the losers of the 2
nd

 competition had been previously characterized as W and L in the first competition, respectively. Also, W fish 

displayed a higher SGR than L fish during the second competition, suggesting that the competitive ability was conserved to a large extent. 

Interestingly, this high level of consistency in competitive behavior was found even when the W and L fish were transferred, after the first 

competition, to new tanks were the social environment was changed with respect to their previous conditions: fish were allocated together 

with fish of similar competitive ability and the stocking density of the W and L tanks was sequentially increased as long as the first 

competitions proceeded. As commented above, social context can have strong effects on fish behavioral traits, but in this case the 
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consistency of fish behavior was still high. Furthermore, during the interval between competition trials, no relevant differences were found 

between W and L fish in terms of growth, which is probably just reflecting the lack of competition in conditions of high density. These data 

suggest that individuals that are better competitors have no real advantage over other individuals when the rearing conditions (i.e. high 

stocking density) do not promote a competitive environment, which is usually the case in the fish farming industry, where the stocking 

density is usually kept relatively high and fish have access to adequate amounts of feed. Similar results were found by Pottinger (2006), after 

rearing trout of different coping style (selected for divergent cortisol response to stress) separately or in co-culture. When reared separately 

at high density both groups showed similar performance, but the proactive group outperformed the reactive group when fish from both 

groups were co-reared at low density. In that study, the contextual differences found for growth were attributed to the differential behavior of 

both groups when facing different kind of competitors, rather than to the differential stocking density. Our data however do not support that 

explanation, since the fish selected as W and L were co-reared at high density and presented no differences in size before the start of our 

experiments, as shown in Figure 2. 

After the first competition trial and the characterization of the selected fish as L or W, an acute stress challenge trial was performed in order 

to see whether the fish from both groups differed in their physiological response to stress. Individuals of each group were exposed to 

confinement by being individually transferred to a new tank containing a reduced amount of water. Confinement tests have been often used 

as a way to characterize fish behavioral and physiological responses to acute stress [46–49]. In this first stress challenge trial the plasma 

levels of cortisol, glucose and lactate were used as markers of the stress experienced by the fish [50,51]. While confinement induced a clear 

increase of all three of them, no differences were found between L and W fish (beyond slightly higher glucose levels in L fish, independent 

of the stress condition). These results pointed to a lack of correlation between the competitive behavior of the fish and the activity of the HPI 

axis, responsible for the production and release of cortisol under stress. This is in disagreement with a previous study with common carp [15] 

that demonstrated a negative association between fish competitive ability and the HPI axis sensitivity to acute stress in that species. 

However, the first stress-challenge test in the current study was performed several weeks after the characterization of the W and L groups 

and, as discussed above, the known high behavioral plasticity of fish could have affected the individual differences among individuals during 

that time. That happened for example in a study of Thomson and cols. (2016) [52], where a correlation between boldness and post-stress 

cortisol response was lost after submitting the fish to a different social environment. Therefore, we repeated the confinement challenge test 

immediately after the second competition trial to be able to evaluate the stress response of each individual along with their competitive 

ability with no time gap in between. The response of cortisol, glucose and lactate plasma levels to confinement was very similar to that 
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observed in the first stress-challenge trial. All three markers were increased after stress, but no large differences in the response were found 

between L’ and W’. In the control group plasma lactate levels were higher for W’ than for L’ fish. The reason behind that difference is not 

known but, since lactate levels usually increase along with muscle activity. It could perhaps be related to a higher activity of the W’ fish in 

the tank during the competition event in order to keep control of the feeding spot. Altogether, the results of both stress challenge trials 

strongly suggest that the HPI response to acute stress was similar between fish of different competitive ability, in this trout population. This 

is in support of the increased amount of evidence showing a lack of consistency in the relationship between HPI responsiveness and coping 

style in fish and other vertebrates [19,21,22,53,54]. This differs from the usual view of reactive fish as of having a greater responsiveness of 

cortisol to acute stress than proactive fish [2,55]. Even when a genetic link might exist between behavior and the physiological stress 

responses, it has been suggested that the plastic nature of vertebrate behavior and the different subjective environmental conditions can 

easily uncouple both aspects of coping styles [52]. In the same direction, it has been also suggested that the decoupling between HPI 

responsiveness and behavioral and life history traits usually associated to stress coping styles might be favored by the process of 

domestication [20,53,56]. 

The release of cortisol and other stress hormones (i.e. catecholamines) into circulation, and the subsequent increase of energy metabolites 

such as plasma and lactate are just the final steps of a neuroendocrine cascade controlled by the two main axes driving the stress responses:  

the HPI axis and the brain–sympathetic–chromaffin (BSC) axis [50]. In the current study, we wanted to get some information to investigate 

the stress response of the fish at the level of the CNS. The serotonergic system is believed to be involved in the organization of the integrated 

stress response in vertebrates [51,57–59], and the activity of serotonergic neurons has been show to increase consistently upon stress 

exposure in fish [51,56]. The ratio between 5-HIAA and serotonin is used as an indirect estimator of the serotonergic activity, since 5-HIAA 

is usually produced after degradation of part of the 5-HT released at the synaptic terminal [59,60]. We chose to analyze the serotonergic 

activity in the telencephalon and in the brain stem after the second stress challenge trial. The fish telencephalon is believed to host structures 

involved in the emotional reactivity and high-level processing in the fish brain [29], and has been consistently demonstrated to show stress-

induced effects in its serotonergic outcome in fish. The brain stem contains a large amount of serotonergic neuron bodies (the raphe 

serotonergic populations) [61] and has been shown to be involved in the differences between fish of different coping style [62]. As expected, 

confinement stress induced an increase in 5-HIAA and in the serotonergic ratio in the telencephalon and the brain stem in both L’ and W’. 

We found no differences in the serotonergic response between L’ and W’ in the telencephalon but the post stress levels of 5-HIAA and the 

serotonergic ratio were higher in the brain stem of L’ fish when compared to W’. This brain region-specific difference is remarkable and is 
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in agreement with a previous study that showed that rainbow trout with higher feeding score presented a lower brain stem serotonergic 

response to 1 week of isolation [62]. The cause or the functional relevance of this difference are not known, but had no effects in the 

response of the HPI axis to the stressor as commented before. 

Fish individuals classified as W during the first competitive trial had a better ability to perform strong movements in the net restraining test 

than L fish, since they displayed longer strings and a higher total number of strong movements. A similar trend was observed between W’ 

and L’ fish but was not found to be statistically significant, perhaps because of the reduced number of samples. The positive association 

between competitive ability and the fish activity during the net restraining tests demonstrates behavioral consistency across contexts for the 

W and L fish and is in agreement with other studies showing that proactive fish tend to display higher activity levels in net restraining tests 

[24,63]. Potentially, the higher activity of W fish could be related to a higher availability of energy metabolites, since W fish were eating 

more than L fish during the 7-day competition period just before the net restraining tests. However, the plasma glucose levels of both W and 

L fish were similar after the competition and therefore, the higher activity of the W fish during the net restraining test is likely the result of a 

higher motivation for an active escape response (more proactive behavior) of those fish. 

In conclusion, the individual ability of rainbow trout to compete for limited food in conditions of low stocking density was consistent across 

a time span of up to 12 weeks. The competitive ability was associated with some behavioral traits observed during net restraining tests, 

which demonstrates also some consistency across context. However, the presented results suggest that the HPI responsiveness to acute stress 

was not linked to the animal coping style, and therefore both competitive groups, winners or losers seemed to be equally affected by the 

stressors applied. Furthermore, when these fish of consistently different behavior were reared (mixed or segregated) in conditions that did 

not promote competition (larger densities, larger feed rations) no differences in growth were observed associated to their competitive ability, 

showing that performance differences between fish of different coping style depend on rearing conditions. Most usually, fish conditions in 

salmonid fish farms do not promote extensive competition for resources, since stocking densities are relatively high and feed is provided at a 

ration directed to maximize growth rates. Therefore, the observed results refuted our initial hypothesis and suggested that there are no clear 

welfare or performance benefits in segregating fish of different coping style, at least in the domesticated trout population used in the current 

study and in relation to intensive fish farming. Still, it is important to highlight that, as commented above, some individuals are consistently 

better competitors than others, and that this might have relevant welfare and growth performance implications when farming salmonids at 

low stocking densities, as in organic aquaculture farms. 
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Figure 1 Outline of the experimental procedures carried out from the arrival of the fish to the facilities until the end of the experimental work 

(see main text for more details). Black spots indicate mass measurements of L and W fish (see also Figure 4).  
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Figure 2 Average mass, before and after competition, and SGR of fish selected as L (losers) and W (winners) during the first competition 

trial. Columns and error bars indicate mean + SD of the mass and SGR values (first averaged per competition tank) of the fish selected as L 

or W (n=34 competitions). * indicates significant differences between L and W fish (p < 0.001). 

Figure 3 Plasma concentration of cortisol, glucose and lactate in L (losers) and W (winners) fish just before (control) or 40 min after 

confinement (stress) (see the text for more details about the stress-challenge protocol). Data represent the mean + SD of n = 10-12 fish. * 

indicates a significant difference against the control, within competitor groups (p < 0.001). 

Figure 4 Average mass of L and W fish after selection. Data represent mean + SD (W) or mean - SD (L) of n = 10 to 25 fish. The time scale 

indicates the days passed after the end of the fish selection process (see main text and Figure 1 for more details).  

Figure 5 Performance of L and W fish during a second competition trial, carried out between 4 and 12 weeks after the first competition test. 

A: contribution of L and W fish to the losers (L’) and winners (W’) of the second competition. B: SGRs of L and W fish during the second 

competition. Data represent mean and SD (first averaged per competition tank) of n = 17 competitions. 

Figure 6 Plasma concentration of cortisol, glucose and lactate in L’ (losers) and W’ (winners) fish just before (control) or 40 min after 

confinement (stress). The stress challenge trial was performed immediately after the second competition trial (see the text for more details). 

Data represent the mean + SD. Number of samples per group was variable, as follows: control-L’= 18; control-W’ = 12; stress-L’ = 19; 

stress-W’ = 24. * indicates a significant difference against the control, within competitor groups (p < 0.001). # indicates a significant 

difference between L’ and W’, within stress group (p < 0.001). 

Figure 7 Serotonin (5-HT), 5-hydroxyindoleacetic acid (5-HIAA) and the serotonergic mass ratio (5-HIAA/5-HT) in the telencephalon of L’ 

(losers) and W’ (winners) fish just before (control) or 40 min after confinement (stress). The stress challenge trial was performed 

immediately after the second competition trial (see the text for more details). Data represent the mean + SD. Number of samples per group 

was variable, as follows: control-L’= 18; control-W’ = 12; stress-L’ = 19; stress-W’ = 24. * indicates a significant difference against the 

control, within competitor groups (p < 0.001). 

Figure 8 Serotonin (5-HT), 5-hydroxyindoleacetic acid (5-HIAA) and the serotonergic mass ratio (5-HIAA/5-HT) in the brain stem of L’ 

(losers) and W’ (winners) fish just before (control) or 40 min after confinement (stress). The stress challenge trial was performed 
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immediately after the second competition trial (see the text for more details). Data represent the mean + SD. Number of samples per group 

was variable, as follows: control-L’= 18; control-W’ = 12; stress-L’ = 19; stress-W’ = 24. * indicates a significant difference against the 

control, within competitor groups (p < 0.001). # indicates a significant difference between L’ and W’, within stress group (p < 0.01). 

Table 1. F and p-values of the 2-way ANOVAs assessing the effect of the factor "stress" (control: C, or stress: S), the factor "group" 
(winners: W or W', or losers: L or L') or their interaction, in experiments 1 and 2 (see the text for details). The effects were considered 

statistically significant at p < 0.05. 

  Parameter Stress 
  

Group 
  

Stress x Group 
  

   F and p values effect F and p values effect F and p values effect 

         

Exp. 1 
Confine
ment 
challenge 
with L  
and W 
fish 

plasma cortisol F1,40 = 200.70, p < 
0.001 

S > C F1, 40 = 0.115, p = 
0.736 

- F1,40 = 0.057, p = 
0.812 

- 

   glucose F1,40 = 83.20, p < 
0.001 

S > C F1,40 = 4.32, p = 
0.044 

L > W F1,40 = 0.279, p = 
0.600 

- 

   lactate F1,40 = 301.08, p < 
0.001 

S > C F1,40 = 0.176, p = 
0.677 

- F1,40 = 0.579, p = 
0.451 

- 

         

         

Exp. 2 
Confine
ment 
challenge 
immediat
ely after 
a second 
competiti
on test 

plasma cortisol F1,68 = 254.20, p < 
0.001 

S > C F1,68 = 3.50, p = 
0.066 

- F1,68 = 2.90, p = 
0.093 

- 

   glucose F1,68 = 38.89, p < 
0.001 

S > C F1,68 = 1.80, p = 
0.184 

- F1,68 = 1.41, p = 
0.239 

- 
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   lactate F1,68 = 110.11, p < 
0.001 

see 
interaction 

F1,68 = 13.42, p < 
0.001 

see 
interaction 

F1,68 = 7.08, p = 
0.011 

within C, W' 
> L' 

          

 telenceph
alon 

5-HIAA F1,69 = 41.46, p < 
0.001 

S > C F1,69 = 0.011, p = 
0.918 

- F1,69 = 0.058, p = 
0.811 

- 

   5-HT F1,68 = 0.018, p = 
0.895 

- F1,68 = 0.850, p = 
0.360 

- F1,68 = 0.005, p = 
0.945 

- 

   5-
HIAA/5-
HT 

F1,68 = 59.74, p < 
0.001 

S > C F1,68 = 2.60, p = 
0.111 

- F1,68 = 0.042, p = 
0.837 

- 

          

 brain stem 5-HIAA F1,69 = 44.36, p < 
0.001 

S > C F1,69 = 6.86, p = 
0.011 

L' > W' F1,69 = 1.08, p = 
0.303 

- 

   5-HT F1,69 = 0.232, p = 
0.632 

- F1,69 = 0.053, p = 
0.819 

- F1,69 = 0.001, p = 
0.972 

- 

   5-
HIAA/5-
HT 

F1,69 = 36.43, p < 
0.001 

S > C F1,69 = 6.21, p = 
0.015 

L' > W' F1,69 = 1.15, p = 
0.287 

- 

 

Table 2. Behavioral parameters (mean ± SD) during confinement and net restraining tests, which were performed immediately after the 
second competition test. Data was analyzed based on the result of the second competition (L’ vs W’), but also based on the original selection 
group (L vs W). Comparisons were made by means of Student’s t-tests (or Mann-Whitney U tests, when normality or equality of variance 

assumptions were not fulfilled). * indicates a significant difference between competition groups (p < 0.01). 

Confinement L' W'   L W 

opercular beat rate (min
-1

) 111.23 ± 8.62 112.00 ± 9.09  110.75 ± 11.31 112.83 ± 8.58 

% of fish not moving 39.3  35.7  38.0 40.7 

% time spent moving
a
 48.02 ± 35.92 47.55 ± 34.77  55.89 ± 36.05 48.68 ± 33.78 

distance moved
a
 (m) 12.15 ± 10.71 11.29 ± 9.05  14.95 ± 11.41 11.53 ± 8.47 

average speed
a
 (m s

-1
) 0.11 ± 0.04 0.11 ± 0.05  0.11 ± 0.05 0.11 ± 0.05 

      

      

Net restraining L' W'   L W 

weak movements (count) 17.71 ± 6.54 15.36 ± 11.29  16.87 ± 9.90 14.07 ± 5.74 
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strong movements (count) 30.43 ± 15.96 40.14 ± 14.58  29.19 ± 14.29 39.30 ± 14.21* 

total movements (count) 48.14 ± 15.13 55.50 ± 13.70  46.06 ± 17.71 53.37 ± 14.17 

longer string of strong movements (count) 8.29 ± 3.56 9.79 ± 4.37  7.19 ± 2.98 10.61 ± 3.74* 

duration of initial pause (s) 13.34 ± 12.16 6.56 ± 5.45  12.77 ± 11.50 8.75 ± 7.34 

number of pauses > 3s (count) 2.21 ± 1.25  2.50 ± 1.65  2.13 ± 1.38 2.53 ± 1.55 

      
a
: only in fish that moved      

 

Highlights 

 Individual competitive ability was used to segregate rainbow trout coping styles 

 Competitive ability was consistent over time but unrelated to acute stress responses 

 The link competitive ability – growth performance depends on rearing conditions 

 No performance or welfare advantages of segregation under aquaculture-like conditions 
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