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Potential effects of environmental enrichment on seabass behavior: 

from group to individual level 

Abstract 
A function-based approach of appropriate welfare in aquaculture consists in the ability of the 

fish to adapt to its captive environment and keep its biological functions correctly working. 

Environmental enrichment (EE) has been considered as a highly recommended tool to guarantee 

or improve the welfare of laboratory or captive fish over the last years. As the fish are reared in 

large numbers at high densities, most farmers usually use behavioral welfare indicators to assess 

the condition of the whole group. However, behavioral responses are dependent also on the 

coping style that characterizes an individual. The European seabass (Dicentrarchus labrax) is one 

of the most important fish species in terms of aquaculture production in Europe. Given that it is 

a very sensitive species to stressful conditions, the aim of this work was to analyze the effects of 

EE on seabass behavior, as a proxy of its welfare status. The spatial distribution and the growth 

performance were tested at group level, while the exploratory behaviour and learning process 

were assessed individually by risk-taking test. Fish were maintained during 29 days with 

structural EE showed no differences in growth performance and spatial distribution. Despite of 

that, the behavioural responses were different in seabass during feeding period. Regarding 

individual behavioral measurements  Stress Coping Style (SCS) the fish reared under control 

condition showed higher exploratory activity. However, one of the control tanks presented an 

abnormal behaviour compare to the rest possibly due to its spatial location within the hatchery. 

Moreover, without including this tank, the treatment had no effect on the risk-taking test until 

the last week. Furthermore, the enriched fish showed a tendency of learning trough the weeks. 

These differences are indicative that enrichment could promote behavioural plasticity and 

proactive behaviour which might be advantageous for the aquaculture. This study evidences 

positive effects of structural enrichment on seabass behavior, but also that the aquaculture 

industry needs to further research this topic considering species-specific biology and behavioral 

characteristics before implementing environmental enrichment protocols. 
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1.   Introduction 
  

 The welfare of farmed animals is a key requirement of animal-rearing systems. The EU 

Council Directive 98/58/EC provides minimum protection and welfare standards for animals 

kept for farming purpose, irrespective of the species and including fishes (Fraser et al, 2012). 

However, the definition of welfare can be different depending on the context and the approach 

given. Function-based approaches link welfare with the biological and physiological condition of 

the animal, while a feeling-based definition includes the emotional state and balance between 

positive and negative subjective experiences (Huntingford & Kadri, 2008). In fish farming 

(aquaculture) a function-based approach of appropriate welfare consists in the ability of the fish 

to adapt to its captive environment and keep its biological functions correctly working (Ashley, 

2007). Increasing the survival, quality, growth, even to improve the appearance of the fish are 

issues that contribute positively to the economic benefits of the fish farmers, besides to be in 

concomitance with the law (Näslund & Johnsson, 2016). Therefore, in this context, there is a big 

concern about how to improve the welfare of captive fish. The captivity environment is 

considerably different from that experienced in nature (Huntingford, 2004). For example, space 

is restricted, migration is not possible, the food is easily attainable, and the risk of predator does 

not exist (Saraiva et al, 2019). In addition, other characteristics of the routine of husbandry could 

potentially affect welfare, such as handling, transportation, high densities and confinement 

(Huntingford 2004; Ashley, 2007; Huntingford et al, 2012; Näslund & Johnsson, 2016). It has 

been proved that this kind of stressors can induce changes in the behaviour and physiology of 

the fish. For example, a reduction in the food intake levels or in feed conversion efficiency can 

result in a reduced or negative growth performance (Leal et al, 2011). Since behaviour is the 

best-known indicator of the biological and mental state of an animal, it can be an useful tool to 

assess the welfare in captive fish (Saraiva et al, 2019). Many studies have been focused on 

describing behavioural indicators of poor welfare, while information about promoting good 

welfare and strategies to improve it needs further research (Martins et al, 2012).  

 Environmental enrichment (EE) has been considered as a highly recommended tool to 

guarantee or improve the welfare of laboratory or captive fish over the last years (Brydges & 

Braithwaite, 2009). It refers to improving the environment of captive animals, by increasing the 

environmental complexity in its physical, temporal and/or social dimensions, and consequently 

can be a good approach to promote positive welfare of captive fish. Indeed, structural EE that 

is, a deliberate addition of physical complexity to the rearing environment, has been confirmed 

to be beneficial in several biological aspects, such as growth performance, behavior and 

cognitive abilities (e.g. Näslund & Johnsson, 2016; Sullivan et al, 2016). Depending on the 

objective, the enrichment can be (1) physical if it is an added  structure or any modification; (2) 

sensorial in which the sensory organs are stimulated; (3) occupational when the possibilities for 

exercise or psychological challenge are given; (4) dietary which includes changes in the type or 

the delivery of food; and (5) social if any type of contact with conspecifics and/or other species 

is allowed. All these types of enrichment are often missing in an aquaculture context; and 

moreover, the farms are kept under standardized conditions, for example using tanks of the 

same color and shape (Näslund & Johnsson, 2016). The natural environment cannot be exactly 

recreated in the hatcheries, so the objective when designing enrichment is to modify elements 

of the artificial environments in order to provide welfare benefits without compromising the 

biosecurity of the farms (Lee et al, 2019). However, the effect of the EE on fish welfare is not 

always clear because the reaction can be different depending on the species, the life-stage, the 

number of fish affected, the husbandry system and the type of the enrichment (Sullivan et al, 
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2016; Toni et al, 2019). Therefore, before designing and using any structure as physical EE, we 

must take into account the species-specific biological and behavioural needs and the 

characteristics of the environment in which enrichment is intended, without forgetting the 

methods to observe and quantify the parameters that allow a correct evaluation of the welfare 

of the fish (Martins et al, 2012). Therefore, it is necessary to expand the knowledge of the effects 

of EE and its applicability in the aquaculture industry in a wider extent, adapting EE solutions to 

the biology of the species as well as the farming systems and development (Arechavala-Lopez 

et al, 2019). 

 Farmed fishes can show changes in foraging behaviour, ventilatory activity, 

aggressiveness, and swimming behaviour during the rearing period. These can be linked with 

acute stress and therefore, act as indicator of poor welfare. Other measurements as exploratory 

behaviour, feed anticipatory activity and reward-related operant behaviour can be used as 

indicator of good welfare and positive emotions (Martins et al, 2012). As the fish are reared in 

large numbers at high densities, most farmers usually use behavioural welfare indicators to 

assess the condition of the whole group. However, individual variations exist and can be the key 

to understand group behaviour. For example, group swimming behaviour consists in the 

assessment of the horizontal and vertical distribution, swimming speed and direction of the 

whole group. Nevertheless, it has observed in model studies that one fish with different 

swimming parameters can affect the behaviour of the whole group  (Romey, 1996). Moreover, 

the behavioural differences of this single fish could be due to a different ability to deal with 

stressful conditions, which can result in a different state of welfare. Therefore, the assessment 

of welfare in a whole group can be not totally representative of the welfare of each individual 

and vice versa (Martins et al, 2012). 

 For that reason, it should be noted that behavioural responses are dependent also on 

the coping style that characterizes an individual (Martins et al, 2012). It also means that most 

behavioural variation could be due to intra-individual variation and not to measurement errors 

or uncontrolled variation in environmental conditions as it is often supposed (Jolles et al, 2019). 

On the other hand, different responses to stress can be linked with the two major types of coping 

style: individuals that are shy and adaptive to stress conditions could be considered as reactive; 

while individuals more aggressive and bolder are the proactive (Koolhaas et al, 1999). However, 

Stress Coping Style (SCS) is not a rigid characteristic, the individuals can adjust their behaviour 

to changing environmental conditions. That means the same individual can be reactive under 

specifics conditions and proactive under others, this ability is called behavioural plasticity. 

Furthermore, as these individual differences can be consistent in time, some individuals can be 

much more predictable in a given context than others (Biro  & Adriaenssens, 2013).  

 To date, most of the studies on EE have been focused on species of ornamentation 

(aquaria) or experimentation (e.g. zebrafish Danio rerio), and especially on tilapia (Oreochromis 

niloticus), salmonids (Salmo salar, Oncorhynchus spp.) or cod (Gadus morhua) as species of 

aquaculture interest (Näslund & Johnsson, 2016). Regarding farmed fish species of interest in 

the Mediterranean basin, such as Gilthead seabream (Sparus aurata) and European seabass 

(Dicentrarchus labrax) there is still a lack of knowledge about the effects of EE on these species 

in rearing conditions. For example, it has been shown that the alteration of the color of the walls 

and the substrate of the tanks increased growth and reduced aggression of sea bream, 

suggesting lower stress levels in the enriched environment (Batzina & Karakatsouli, 2012, 2014; 

Batzina et al, 2014a,b,c,d), and the presence of structures in experimental conditions modify the 

spatial distribution of the shoal inside the cage (Arechavala-Lopez et al, 2019). Nevertheless, 

studies concerning European seabass are still absent. The seabass is identified as one of the most 
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important fishes in terms of aquaculture potential in Europe (Leal et al, 2011). This fish is well 

known for being very sensitive to the stressful conditions; for instance, the reduction of its 

feeding activity due human presence is documented (Rubio et al, 2010). Moreover, husbandry 

stress during early life stages affects the health status of juvenile seabass increasing mortality 

rates and disease responsiveness (Varsamos et al, 2006). 

  Therefore, the aim of this work was to analyze the effect of EE on seabass behaviour, as 

a proxy of welfare status. In order to provide an overall approach, the individuals were tested at 

both group and individual levels. The spatial distribution and the growth performance were 

tested at group level, while the risk-taking test was assessed using a group-approach but 

acquiring behavioural parameters individually.  

 

 2.   Material and methods 

2.1. Experimental design  
 Four hundred and twenty seabass (mean body mass 16.52 ± 5.6 g) were obtained from 

a commercial hatchery (Aqüicultura Balear S.A.- Culmarex; Mallorca, Spain) and acclimated to 

the laboratory conditions for one week at the Laboratory of Marine Research and Aquaculture 

(LIMIA) in Port d´Andratx, Mallorca, Spain. They were randomly distributed in 6 circular tanks 

(water volume 150 L) in groups of 70, and maintained at a temperature of 20 ± 1ºC and on a 

light: dark (12 h:12 h) photoperiod (Fig 1). Salinity was 38 PSU and dissolved oxygen was kept 

close to saturation by aeration through diffusion stones. The tanks were provided with 

mechanical filters, with a semi-open flow seawater system, UV sterilization, and compressed air 

supply. Three tanks were enriched with 3 plant-fiber ropes hanging from one edge of the tank 

to the other, two parallel (130 cm) and one perpendicular larger (170 cm), all of them at different 

depths and similar distances among them (Fig 2a). The other three tanks were the control 

treatment (Fig 2b). The choice of this type of enrichment was made in regards of the swimming 

behaviour of the species, given that seabass made vertical movements in the water column and 

the horizontal ropes might represent an obstacle/challenge. They were daily fed by hand at 

13.00 p.m a commercial pelleted diet (sinking pellets; 2% of their body mass) specific for seabass 

(Skretting® 106 Perla MP). All tanks were thoroughly cleaned daily by siphoning faeces and 

uneaten pellets, and about 2/3 of water were removed once a week. The seabass juveniles were 

maintained under experimental conditions for 84 days (12/03/2019 - 03/06/2019), during which 

they were exposed to two different experimental periods to investigate effects at the group and 

individual levels respectively. During the entire experiment nine individuals were found dead. 

2.2. Effects of EE at Group level 

2.2.1. Growth parameters 
 The first experiment lasted 29 days. In order to assess the effect of EE on seabass growth, 

seabass juveniles were anesthetized (Tricaine methanesulfonate, MS-222; 0.1 g L -1) at the 

beginning (T0) and at the end (T29) of the experiment, and the body length (SL: standard length, 

cm) and weight (TW, gr) were measured. The Condition factor (C.F. = 100 x TW x SL-3) was 

calculated for each individual. Variations in SL, TW, and CF were estimated as the differences of 

mean values of each tank between the beginning (T0) and the end (T29) of the experimental 

period. The following growth performance parameters were calculated for the whole fish group 

in each tank:  Specific Growth Rate [SGR = 100 x [(ln TW29) x (ln TW0)] x D-1 , TW29: mean final 



7 
 

body mass, g; TW0: mean initial body mass, g; D-1: days of rearing], Daily Growth Index [DGI = 

100 x [(TW29)1/3 ς (TW0)1/3] x D-1]; Daily Feed Intake [DFI = 100 x FD x TWM
-1, FD: average dry feed 

potentially consumed per fish per day, g; TWM: mean fish weight per tank obtained as an average 

of the initial and final weight, g]; and Feed Conversion Rate [FCR = FT x (TW29ς TW0)-1, FT: total 

average dry feed available per fish over the entire rearing period, g].  

 Data regarding body measurements (SL, TL, CF) and growth parameters (SGR, DGI, DFI, 

FCR) were analyzed by univariate General linear model ( GLM, Type III, h=0.095; SPSS statistical 

package) with treatment (enriched and control) as a fixed factor. In every analysis the tank was 

considered as a random factor nested within treatments to account for the possible effects. 

Levene´s test was applied to analyze data heterocedasticity. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Experimental tanks at LIMIA (1-4-5 Enriched, 2-3-6 No enriched)  



8 
 

 

 

Fig. 2 a) Tank with enviromental enrichment. b) Control treatment 
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2.2.2. Horizontal distribution 
 During the first 29 days (12/03/2019- 09/04/2019) behaviour was recorded for 2 hours 

every four days from the top of each tank. First and last period of 30 min were excluded to 

eliminate any possible disquiet caused to the fish by the setting of the cameras. At the middle 

of the recording, the fish were fed in order to have the activity influenced or not by the food 

stimulus (PreFeeding: before feeding, DurFeeding: during/after feeding). Spatial distribution 

was analyzed converting one hour of video into 30 frames using VirtualDub (v1.10.4; Lee, 2013) 

every 2 minutes. The position of every fish in each of the frames was referenced to an XY plane 

using ImageJ software (Schneider et al, 2012). The first frame of each video was used to 

determine the position of the enrichment objects and the arena exterior polygon (using 10 

points around the arena in the control frames, and 18 points in the frames with enrichment) 

 A customized R script (www.r-project.org) was developed to 1) obtain the central point 

of the arena; 2) derive the margins of the arena; 3) rescale all the videos to the known size of 

the arena (to avoid small differences in camera positioning); and 4) reference the positions of 

each individual at each frame. Fish positions were analyzed ǿƛǘƘ άŀŘŜƘŀōƛǘŀǘIwέ ǇŀŎƪŀƎŜ ǘƻ 

estimate several parameters of use of space and visualize the 2D kernel density plots within the 

arena borders (Calenge, 2006). The following parameters were estimated: i) percentage of  the 

space used within the experimental tanks, where fish spent the 90% (Usage 90%) and 50% 

(Usage 50%) of the total amount of time (see Models 1 and 2); ii) mean distance among 

individuals in centimeters (Mean dist cm) (see Model 3). Since the fish were not marked it was 

not possible to identify which or how many individuals were related to above mentioned 

parameters, so data refer to the whole fish group in each tank. 

 The data were analysed using generalized linear mixed models όD[aaΣ ΨƭƳŜǊΩ ŦǳƴŎǘƛƻƴ 

ƛƴ wΣ ΨƭƳŜпΩ ƭƛōǊŀǊȅ, Bates et al, 2015) with treatment (Treat) and feeding period (Feeding) as 

fixed factors (see Models below). The tank was considered as random factor nested within week 

to account for the possible effects of both variables.  

Model 1. Usage 50%  ~ Treat*Feeding + (1 | Tank/Week)  

Model 2. Usage 90%  ~ Treat*Feeding + (1 | Tank/Week)  

Model 3. Mean dist cm ~ Treat*Feeding + (1 | Tank/Week)  

 

2.3. Effects of EE at Individual level  

2.3.1. Risk-taking test 
 Once the first period of the experiment finished, fish were individually PIT-tagged 

(TrovanH, Netherlands) and maintained in the same conditions for another month before to 

start the second part of the experiment, where fish were exposed to a risk-taking test (or 

exploratory test) in order to assess individual behavioural traits or stress coping styles (SCS) 

(Castanheira et al. 2013). The risk-taking test is a group-based test that consists of testing the 

ability of the fishes rearing in different conditions to explore a new risky area. Two cages 

connected by a tunnel was settled inside a bigger tank were the environmental conditions were 

similar to the previous experimental period (Fig 3 a,b). One cage was provided with unattainable 

food to encourage the passage and it was considered as the risky area. A PIT-tag detection 

antenna (diameter 100/125 x 620mm, Trovan®, Netherlands) was located around the opening 

of the tunnel, which allowed monitoring individual passages from one cage to the other. Each 

group of fish from each tank of the previous experiments was left in the safe area (empty cage) 
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for 1 hour and 15 minutes. They were acclimated during the first period of 15 minutes while 

they were not allowed to pass through the tunnel. The number of movements between cages 

was determined through antenna detections. The test was repeated four times (every four days 

for 16 days: 08/05/2019-24/05/2019) and it was recorded with a Sony® camera to verify the 

correct functioning of the antenna if it was necessary. According to previous studies, proactive 

fishes are behaviourally characterized by being faster to explore unknown environments and 

high risk-taking conduct (Castanheira et al, 2017).  

 

 

 

Fig 3. a) Experimental cages at Limia b) Schematic of the experimental cages in risk taking test. 
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2.3.2. Stress coping style assessment 
 First, the passes in which the time between the previous pass and the next one of the 

same fish was less than 19.45 seconds were removed from the entire data set. The reason 

behind this was to automatically determine άŦŀƪŜ ǇŀǎǎŜǎέ ƛƴ ǿhich the fish remained motionless 

inside the tunnel and hence the antenna was continuously detecting it. This was achieved using 

a segmented regression with an unknown breakpoint precisely to identify the time period which 

ŎƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƴŜǿ άǊŜŀƭ ǇŀǎǎŜǎέ ŀƭƻƴƎ ǘƘŜ ǘǳƴƴŜƭ όмфΦпр ǎŜŎƻƴŘǎ; Muggeo, 2003). After 

this, a Bayesian approach was followed to fit generalized linear mixed effects models (GLMMs, 

w ƭƛōǊŀǊȅ άa/a/ƎƭƳƳέ όIŀŘŦƛŜƭŘ нлмлΤ 5ƛƴƎŜƳŀƴǎŜ & Dochtermann 2013; Harrison et al, 2014; 

Alos et al, 2017; Sbragaglia et al, 2019) ) that were used to test for differences in the number of 

fish passes through the tunnel among tanks, weeks and between treatments. Zero inflation 

Poisson structure was considered accounting for the type of data that was being fitted. The 

GLMM included week and treatment as fixed effects and  the identity of the fish and the tank as 

random intercept terms. In this model, we used the entire data set without considering 

differences in size of the fish because it was previous tested and no size effect was found on the 

number of passing through the antenna. The parameters, 97.5% credibility intervals, and P-

values were estimated using a Bayesian Markov chainςMonte Carlo approach with 

uninformative priors. We set up the initial iterations to 500000 , after discarded the initial 1000 

iterations (burn-in period); 1 out of 100 of the remaining iterations were kept to prevent 

autocorrelation (thinning strategy) to obtain 4990 posterior samples. The convergence of the 

MCMC chains was assessed by visual inspection of the chains. The adjusted repeteability 

(Adjusted-R) was estimated as the quotient of the between-individual variance (the variance 

across random intercepts attributed to the individuals: Vind) and the sum of Vind and the within-

individual or residual variance (the variance associated with the tank and measurement error) 

for a given behavioural trait in accordance with previous studies (Nakagawa & Schielzeth 2010). 

 

Ethical statement 
  

 All the procedures with fish were approved by the Ethical Committee of Animal 

Experimentation (CEEA Ref. 85/02/18) and carried out strictly by trained and competent 

personnel, in accordance with the European Directive (2010/63/UE) and Spanish Royal Decree 

(RD53/2013) to ensure good practices for animal care, health, and welfare. 

 

3.  Results 

 

3.1 Effects of EE at Group level: First experimental period 
 After 29 days under experimental conditions, fish body measurements and growth 

parameters were estimated and compared between EE and NE conditions (Table 1). No 

statistical differences (GLM) were found between EE and NE fish regarding growth in length (SL: 
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p=0.189) and weight (TW: p= 0.287), condition factor (CF: p=0.417 ), specific growth rate (SGR: 

p= 0.134), daily growth index (DGI: p=0.164), daily feed intake (DFI: p=0.132) and food 

conversion rate (FCR: p=0.474). 

 

 

 

 Regarding the horizontal distribution of juvenile seabass inside experimental tanks no 

difference was observed in terms of percentage of the space used during the 90% of the total 

amount of time between treatments (p=0.431) and feeding periods (p=0.438) (Tables 2 and 3; 

Fig 4). Similarly, no significant differences were observed in terms of the 50% of the total amount 

of time between treatments (p=0.194) and between feeding periods (p=0.87) (Tables 2 and 3; 

Fig 4). Additionally, the mean distance among individuals did not differ between treatments 

(p=0.892) and between feeding periods (p=0.820). However, significant differences (p<0.05) 

were found between feeding periods for all variables regardless treatment applied.  

 

 

 

 

 

 

 

 

 

Table 1. Average values (±SE) of increments on body length (ҟSL; cm), body weight (ҟTW; g) and condition factor 
(ҟCF), as well as estimated specific growth rates (SGR), daily growth indices (DGI), daily feed intake (DFI) and 
food conversion rates (FCR) of juvenile seabass kept under experimental enriched (EE) and non-enriched (NE) 
conditions during 29 days 

Table 2. Percentages of the space used during a certain amount of the total of time (50% and 90%) and the mean of 

the distance between fish (cm.) in the tanks with and without enrichment, and in all tanks. 
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Fig 4. Horizontal distribution of juvenile seabass reared under enriched (EE) and non-enriched (NE) conditions before 

feeding and after feeding in experimental tanks. Colour gradient shows the percentage of fish occupancy throughout 

the whole experimental period. Dashed line represents the perimeter of the water inside the tanks.  

 

Table 3. Results of the linear mixed-effect models for the percentage of the space used where fish spent the 90% 
(Usage 90%) and 50% (Usage 50%) of the total amount of time and the mean distance among individuals in 
centimeters. Interaction model fitted using treatment (Control/Treatment) and Feeding (pre and during) as fixed 
effects. Estimates: estimate value; std. Error: Standard error of the estimate; p-values via Kenward-Roger 
approximation. The six different tanks and the weeks were used as random effects of the model. 0̱0, tank is the 
between tanks variance and ̀2 is the within each tank variance. 
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3.2 Effects of EE at Individual level: Second experiment  
 The fish size had no effect on the number of passes through the tunnel (Fig 5). The 

number of passes was different between treatments (p=0.0257, p<0.05, Fig 6). The fish reared 

in bared tanks showed a higher number of passes (449±749) compared to fish from enriched 

tanks (326±181). Additionally, as the weeks went by, the number of passes increased in every 

tank (p<0.001, Fig 7). However, these differences between treatments were biased. We 

observed that the tank 2 showed an abnormal behaviour compared to the rest of the tanks, and 

consequently, we ŎƻƴǎƛŘŜǊŜŘ ǘƘƛǎ ŎƻƴǘǊƻƭ ǘŀƴƪ ŀǎ άƴƻ ǾŀƭƛŘέ ŀƴŘ rerun the analysis excluding it. 

After removing it the treatment did not show a significant effect on the behaviour (p=0.6325, 

p>0.05), however the week did have a significant effect on the number of passes (p<0.001, Fig 

8). Moreover,  the interaction between treatment and week showed significant differences 

(p=0.0377, p<0.05, Fig 9).  

 

 

 

 

 

 

 

 

 

 

 

Enriched 

No enriched 

Number of passes 

S
.L 

Fig 5. Scatter plot of the fish size (S.L: standard length in cm) vs. the number of passes through the antenna. Lines 
represented a lineal regression for each group with slopes almost equal to 0.  

 



15 
 

 

Fig 6. Density estimation of number of passes through the tunnel during the 4 weeks and in the 6 tanks. (EE: 1-4-5, NE:2-3-6) (including tank 2). Colour gradient 
shows the probability of the passes. 
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Fig 7. Total density of passes through the tunnel during the 4 weeks between treatments (including tank 2). 
Colour gradient shows the probability of the passes. 

 

 Fig 8. Total density of passes through the tunnel during the 4 weeks between treatments (excluding tank 2). Colour 
gradient shows the probability of the passes. 

 










