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Abstract :

Most studies carried out with seabass under self-feeding conditions report an intriguing social structure
that is built around the device and the food dispenser with three coexisting triggering categories: high-
triggering (HT), low-triggering (LT) and zero-triggering (ZT) fish. However, neither sex nor feeding
motivation or hierarchy can explain the establishment of this specialization. We characterised the
personality of seabass with the commonly used restraint and open field tests and assessed the link
between personality traits and individual triggering activity towards the self-feeder apparatus. We found
no differences between triggering categories during the restraint test but high triggering fish were
characterised as shyer than low- and zero-triggering fish during the open field test. Triggering activity
was negatively correlated with exploratory capacities and boldness. This experiment provides for the
first time evidence that high triggering status in seabass is correlated with personality traits, which could
partly explain the social structure that builds around a self-feeder device.

Highlights

P European seabass personality (i.e. bold-shy and motivation to escape stressful situation) was
characterized. »Latency to emerge from a shelter and latency to escape during a restraint test were
correlated. »Placed under self-feeding, individual triggering activity level was higher in shy individuals.
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1. Introduction:

Self-feeder devices have been widely used with Teleost fish (Coves et al., 2006). They have been
developed primarily to allow fish to obtain food according to their nutritional needs, resulting in
more robust growth, lower food wastage (Coves et al., 2006b) and higher water quality. Previous
studies have shown that several fish species demonstrate a great ability to use such systems and a
high plasticity when facing the triggering device (e.g. a metal rod protected or not in a PVC cylinder).
Individual can push, pull, bite (Coves et al., 2006) or even use a dorsally attached external tag (Millot
et al., 2014) to actuate the trigger which delivers food for the entire group. These devices allow the
assessment of numerous variables such as apparent group feed demand and consumption (when
uneaten food is counted); feeding activity and feeding rhythms in Arctic char Salvelinus alpinus, and
European seabass, Dicentrarchus labrax (Boujard et al., 1996; Jobling et al., 2001; Rubio et al., 2004;
Coves et al., 2006b); circadian rhythms in Rainbow trout Oncorhynchus mykiss (Alanara, 1992b; a;
Boujard and Leatherland, 1992; Alanara, 1996; Chen et al., 2002), and feed preferences in seabass
(Paspatis et al., 2002). Such device also allowed to evaluate the effects of fasting in seabass
(Echevarria et al., 1997; Aranda et al., 2001; Benhaim et al., 2012), Olive flounder Paralichthys
olivaceus (Miyazaki et al., 2000) or Barramundi Lates calcarifer (Tian and Qin, 2003); and the effects
of domestication and selection on behaviour in seabass (Millot et al., 2011). Self-feeder devices have
been used recently in Atlantic cod Gadus morhua (Millot et al., 2012) and lead to the discovery of
innovative behaviour (Millot et al., 2013). They were also used to assess the effects of dopaminergic
system activation on feeding behaviour in seabass (Leal et al., 2013). When coupled with a computer
and a PIT tag detection antenna, self-feeder devices enable the study of the individual behaviours of
fish living in groups of seabass (Coves et al., 2006b), as well as the assessment of changes to social

structure of the group (Di-Poi et al., 2008; Millot and Bégout, 2009).
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Indeed, most studies report the existence of a social structure built around the device and the food
dispenser. For example, social hierarchies have been observed in salmonids, such as Rainbow trout,
(Alanéra and Brannds, 1996; Alanard et al.,, 1998), or Arctic char, (Alanara, 1993; Brannas and
Alanara, 1993), with dominant fish taking position near the feeder and the dispenser. These authors
identified three fish categories (dominants, sub-dominants and subordinates) and showed that social
rank was directly correlated with self-feeding device triggering activity. Dominant fish had the
highest actuation level, followed by sub-dominants and then subordinates, resulting in higher specific

growth rates for dominant fish.

The European seabass is a high commercial value marine teleost and a model species of
Mediterranean aquaculture. The average worldwide aquaculture production of this species since
2007 is estimated at 125,000 metric tons per year (Tveteras and Nystoyl, 2011). Numerous studies
have shown that seabass can learn to actuate the trigger of a self-feeder apparatus (Anthouard et al.,
1986; Sanchez-Vazquez et al., 1994; Boujard et al., 1996; Azzaydi et al., 1998; Covés et al., 1998;
Sdnchez-Vazquez et al.,, 1998; Rubio et al., 2004). However, no dominance-subordination
relationships have been observed in this species (Coves et al., 2006b; Di-Poi et al., 2008; Millot et al.,
2008; Millot and Bégout, 2009; Benhaim et al., 2012). Following work done on salmonids, Covés et al.
(2006) have kept the terminology ‘social structure’ based on triggering activity and Di Poi et al. (2007)
proposed a producers-scroungers social organization instead of a hierarchical one. This term is hence
linked to an individual specialization among the group: some high-triggering fish that could play the
role of producers and zero or low-triggering fish playing the role of scroungers. This has been also
observed in other animals such as insects and birds (Giraldeau and Beauchamp, 1999; Coolen et al.,
2001). In seabass, three categories: High Triggering (HT), Low Triggering (LT) and Zero Triggering fish
(ZT) have been defined and the proportions of these categories vary according to different studies.
One or two individuals were responsible for 80% of triggering activity in a small population (50-100
individuals) over a 60 day period under a reward regime of 1 or 2 pellets per individual given at each
actuation (Coves et al., 2006b), whereas two or three fish were responsible for about 45 % under a
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reward of one pellet per individual (Millot et al., 2008). The rest of the population could be divided
into two groups: LT fish were responsible for 19-26% of the triggering activity and ZT fish triggered

less than 2 % of total actuation events (Di-Poi et al., 2008).

Several studies have shown that seabass from different triggering categories do not differ in initial or
mean growth rate, or in mean initial and final body weight (Coveés et al., 2006b; Di-Poi et al., 2007; Di-
Poi et al., 2008; Benhaim et al.,, 2012). In addition, fish from the different categories are not
physiologically different (as measured by blood variables (Millot and Bégout, 2009; Benhaim et al.,
2012)); and Coves et al. (2006) and Benhaim et al. (2012) reported that there is no difference in sex
ratio between the categories. Therefore, in contrast with salmonids, there are no obvious
explanations for this social structure in European seabass. Although Millot et al. (2008) showed a
favourable growth window when fish were HT, feeding motivation as triggered by a fasting period
was not correlated with triggering activity (Benhaim et al., 2012). However, Benhaim et al. (2012)
suggested that triggering activity is linked to personality traits and further perspectives could arise.
On one hand this could provide a determinant of such triggering activity towards a causative
explanation and on the other hand, as an applied perspective, this could enable manipulating
population to favour the presence of more HT fish leading to better structured population achieving

better growth.

The number of studies on personality traits and coping styles has increased in recent years, and these
studies have provided some explanations for the adaptive value of individual variation in behaviour
(Wilson et al., 1994; Koolhaas et al., 1999; Sih et al., 2004; Réale et al., 2007; Wolf et al., 2007;
Dingemanse et al., 2010). Animal personality or coping style can be defined as a correlated set of
individual behavioural and physiological characteristics that are consistent over time and across
situations (Wilson et al., 1994; Koolhaas et al., 1999; Sih et al., 2004). It covers numerous traits, such
as boldness and shyness (willingness to take risks), avoidance of novelty, exploration, activity,

aggressiveness and sociability (Réale et al., 2007). One of the main aspects of personality is the
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boldness-shyness continuum. According to Coleman and Wilson (1998), individuals from a fish
population can be categorized into three sub-groups based on their predisposition to take risks: bold,
intermediate and shy. Usually, boldness is associated with a proactive strategy contrary to shyness
that is associated with a reactive strategy. Bold fish take more risks and explore their environment
faster (less cautiously) when exposed to novelty (@verli et al., 2006; MacKenzie et al., 2009). In
contrast, shy individuals tend to be risk averse and are generally neophobic (Verbeek et al., 1994;
Wilson et al.,, 1994), show a higher behavioural flexibility (Bolhuis et al., 2004) and are more
responsive to their environment (Verbeek et al., 1994). Intermediate fish are in the middle of these

two extremes.

There are standard methods for measuring boldness in fish (Brown et al., 2007), such as the latency
to leave a safe area to explore a novel, less safe area (Budaev et al., 1999a; b; Fraser et al., 2001;
Brown et al., 2007; Biro et al., 2010; Eriksson et al., 2010). Among numerous behavioural tests
assessing boldness, the open field test (Budaev et al., 1999a; b; Yoshida et al., 2005) or the restraint
test/confinement test (Silva et al., 2010; Castanheira et al., 2013) are widely used and were chosen.
In this study, we aimed to explore the link between the social structure that builds around a self-
feeder device and personality traits in European seabass. We characterised individual personality

traits and assessed the links with individual triggering activity under group self-feeding conditions.

2. Materials and methods

2.1 Fish and experimental conditions

Fish were hatched and reared at the experimental research station of Ifremer (Palavas-les-Flots,
France) according to seabass rearing standards (Chatain, 1994). A sample of 600 fish was transported
at 86 days post hatching (dph) on 06/04/2012 to the Fish Ecophysiology Platform of La Rochelle (PEP,

http://wwz.ifremer.fr/pep, France). After 8 days of acclimatisation, a sub-sample of 200 fish (0.86 +

0.28 g in mass (mean * standard deviation (SD)) was distributed (50 fish per tank) in four 400 L tanks

(T1 to T4) located in a dedicated room. At 257 dph, the fish, now weighing 15.26 + 5.00 g, were
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tagged with 12 mm conventional PIT tag to monitor each fish individually using a self-feeder
equipped with PIT tag detection antenna. The four 400 L tanks were supplied with sand filtered
seawater in a recirculated system (flow rate of 4 m® h™ in each tank, and 15 % water renewal per
day).Tanks were surrounded by an opaque black curtain to avoid any disturbance to the fish. A white
light (Philips, 80W) was suspended above each tank. The light cycle was controlled (14 hours day/ 10
hours night) throughout the experiment. The physico-chemical properties of the water were
monitored daily to guarantee optimum conditions. Water temperature was maintained at 20.6 + 0.3
°C, O, saturation at 75.4 + 8.9 % and salinity at 26.9+0.9gL". Ammonia, nitrite and nitrate

concentrations were lower than 0.05 + 0.05, 0.13 + 0.06 and 0.97 + 0.11 mg L, respectively.

Fish were hand fed with commercial food (first with INICIOplus (BIOMAR®, France) of increasing
pellets size when fish were between 0.86-15 g then with Neo Start 3 mm, Le Gouessant aquaculture,
France) until the self-feeder devices were installed at 268 dph and delivered the same food (Neo

Start, 3 mm).

2.2 Food demand behaviour and self-feeder apparatus

The device to operate the feeder comprised a screened type sensor (a metal rod protected in a PVC
cylinder surrounded by the tag detection antenna, Covés et al. (2006)), and a control box linked to a
computer. After each actuation, fish were rewarded with pellets (at least one per fish) and feed
dispensers were regulated to distribute always the same quantity of food, which corresponded to a
mean of 1.75 + 0.19 g. The reward level was a compromise between minimizing wastage, and
optimizing feed allocation to the group. Such a set up allowed us to monitor two variables of interest
on a daily basis: the individual feed demand behaviour and the apparent feed consumption of the
group (i.e. one group per tank). The apparent feed consumption of the group was calculated from
the food quantity dispensed minus the waste collected in the sediment trap and counted. Triggering
activity recordings were done continuously except before and during fish biometry sessions (triggers

were inactivated and there were no recordings for 48 h at each biometry session).
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Feed demand behaviour was followed over 131 days from 268 dph to 399 dph . This duration was
chosen to be more than double the duration of the period that an individual held high-triggering
status (63 + 16 days on average) as demonstrated by Millot and Bégout (2009) in order to observe a
clear status acquisition in HT fish. For each day, the triggering activity was recorded and the quantity

of food distributed in each tank calculated.

2.3 Evaluation of biological performances

The growth of all fish was followed from 257 dph to 391 dph. Biometric measurements were
performed at 257 dph, at 303 dph, at 335 dph, at 369 dph, at 391 dph at 430 dph. We performed a
last biometry at 430 dph in order to gather the individual body length information to convert “total
distance travelled” in the open field test to body —length (BL). This last biometry was not taken into
account for analyses of growth (body mass and SGR) since behavioural tests could impact fish
growth. The variables chosen to evaluate biological performances within periods (i.e. in between
biometric measurements) were the following: body mass (BM, g) and specific growth rate (SGR (% of
mass per day) = 100 (Ln BM¢ Ln BM;) / t, where BM; and BM,; are the initial and final body mass (g),
respectively and t is the number of total days). SGR were compared according to triggering category
only in fish of interest selected for behavioural tests and during the food demand monitoring (from
257dph to 391 dph; i.e. five biometric measurements). At the end of experiment, all the fish were

killed and their sex determined following Ferrari et al. (2014).

2.4 Characterization of triggering categories

Fish were characterized according to their triggering activity. They were classified into three
categories by calculating each individual's contribution each day to the total number of trigger
actuations within the tank (%) and then we averaged daily contribution across the whole duration of
the experiment (131 days). As reviewed in Benhaim et al, (2012), the percentage of triggering for

each category (HT/LT/ZT) is extremely variable according to authors but the proportion of fish in each
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category remains the same. As the most important is to categorize fish according to consistency of
the triggering activity, here we chose: High-triggering HT (8% of total actuations), Low-triggering LT

(<8%), and Zero-triggering ZT (<2%).

2.5 Characterization of personality traits

Once each individual was attributed a triggering category, we could determine the number of HT fish,
take randomly the same number of fish belonging to LT or ZT and characterize them using a restraint
and an open field with a shelter tests to assess individual boldness and exploration. Both tests were

carried out on the same individuals.

2.5.1 Restraint test

A restraint test was performed at 423 dph. For each tank, all fish were caught, identified and selected
fish isolated in buckets. Just before running the test, they were gently placed by hand in an emerged
net (Europet Bernina ®, 15 cm) fixed on a holder for 3 min (adapted from Silva et al., 2010; Martins et
al., 2011; Castanheira et al., 2013) and their behaviour was video recorded (Ethovision XT recording,
Noldus, The Netherlands; camera lkegami CD48E ; 2.8 - 12 mm Computar® lens). After the tests, all
individuals were placed back in their respective tanks. Individual behaviour was analyzed with the
“manual scoring” module of Ethovision XT. Individual variables of interest were calculated for the
whole duration of the 3 min test and were “latency before first escape attempt (s)”, “total escape

duration (s)”and “number of escape attempts”. An escape attempt was defined as an elevation of

the body in the net.

2.5.2 Open field test

An open field test (OFT) was performed at 433dph. For each tank, all fish were caught, identified and
selected fish placed together in a smaller tank before being challenged. The open field (72 * 72 cm
with a water height of 18 cm) was divided into two virtual zones (border and centre, Figure 2) and a

shelter (opaque PVC box 18 * 18 * 18 cm closed by a vertically sliding trapdoor) was placed in one
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corner of the open field. The centre zone was considered as a risky area since thigmotaxis (staying
close to the walls of an arena) is a common measure indicating increased shyness in this test
(Maximino et al., 2010; Dahlbom et al., 2011). The whole setup was placed on an infrared floor (IR
floor 1 x 1 m, Noldus, The Netherlands) to prevent the reflection of light. The whole experiment was
video recorded at 25 frames per second (Ethovision XT recording, Noldus, the Netherlands; camera
Ikegami CD48E; 2.8-12 mm Computar® lens equipped with an IR filter). Selected fish were
individually placed in the shelter. After a 5 min acclimatization period, the door was gently opened. If
the individuals did not go out of the shelter within 20 minutes following the acclimatization time, the
experiment was stopped and a latency of 1200 seconds was attributed. If the fish went out of the
shelter, it was allowed to explore the open field for 20 minutes. Variables of interest were extracted
over the whole 20 min period with Ethovision XT and were as follows: individual “latency to emerge

» o« »n » .

from the shelter (s)”, “in shelter duration (s)”, “time spent in centre zone (s)”, “time spent in border
zone (s)”, “total distance travelled (body length, BL)”, “mean distance from the shelter (cm)”and

“number of returns to the shelter”. For each individual, distance travelled was divided by fish body

length (BL in cm) to standardize values and avoid bias due to variation in fish size.

2.6 Data analysis

After verification of distribution normality and homoscedasticity (Dagnélie, 1975), individual body
mass of all fish were compared between tanks at the beginning (257 dph) and at the end of the

feeding follow-up (391 dph) by one way ANOVA with Tank as a fixed factor.

For personality tests, the sample size was determined by the number of HT fish (N=10 HT in total
when all 4 tanks were pooled) and the same number of LT+ZT fish was selected (N=10, LT+ZT
because it was not possible to test more than 20 individuals in the same day). Body mass of selected
fish (N=20 in total) were compared using a Mann-Whitney (MW) test. The SGR of these selected
individuals were compared by Repeated-Measure ANOVA with triggering category (HT versus LT+ZT)

as a between-subjects factor and date (four dates) as a within-subjects factor. Body mass and SGR
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are given as mean * SD unless otherwise stated. Average food demand per tank was analysed by
ANOVA with Tank as a fixed factor. The proportion of individuals and sex ratio per triggering category
between tanks was analysed by a Chi square test. All variables of interest from both tests were

compared between the triggering categories (HT versus LT +ZT) using a Mann-Whitney.

The links between individual triggering activity (“individual percentage of actuation”) and individual
responses observed in the variables from the restraint and open field tests were assessed by non
parametric Spearman’s correlation on rank order due to small sample sizes. This strategy was chosen
to take advantage of the continuous nature of all the variables and because using correlation to
assess personality traits is actually a usual method (Martins et al, 2011, 2012; Herde & Eccard, 2013;
Magnhagen et al, 2004; Castanheira et al, 2013a, b). For the open field test, fish that did not go out
of the shelter were removed from analyses, except for the variable latency to emerge from the
shelter. All analyses were performed with Statistica7 (Statsoft) with a threshold for significance of

p<0.05.

3. Results

3.1 Growth, sex ratio and social structure around the self-feeder

Eight fish belonging to LT+ZT category died over the experiment duration, representing 4 % of the
population. Body mass at the beginning of the experiment was 15.50+4.99 g (257 dph) and
47.54 + 15.22 g at the end (391 dph). There were no differences in initial body mass between tanks (F
(3,203) =1.8, p=0.144). However, there was a difference in final body mass (F (3,105 =5.6, p<0.001) and
Tukey HSD post hoc test showed that body mass was significantly lower in T4 (36.12 + 11.78 g) than
in T1 (51.41 + 14.03 g) and T2 (50.73 + 16.34 g) (p<0.001 and p<0.05, respectively), but not different

than T3 (45.92 + 14.37 g).

Triggering categories showed differences in initial body mass (24.49 + 9.13 g for HT and 17.38 £ 4.08

g for LT+ZT) and this was true all along the experiment duration (RM-ANOVA, F(;15= 4.73, p=0.04).
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However, no differences were observed on SGR all along the experiment duration (during the first
period SGR was 0.81 + 0.26 for HT (N= 10) and 0.79 % 0.23 for LT +ZT fish (N=10); during the last
period SGR was 0.78 + 0.20 for HT fish and 0.83 * 0.20 for LT+ZT fish (RM-ANOVA,
F (1,18 = 0.36, p=0.56)). Average food demand over the whole feeding follow-up period (131 days) for
tank one, two, three and four were 0.80+1.10; 1.19+ 1.60; 1.23+1.38 and 0.97 + 1.29 g.kg'l,
respectively. Food demand was different between tanks (ANOVA, F (5 3345)=17.6; p<0.001), and tanks
1 and 4 had significantly lower food demand than tanks 2 and 3 (Tukey HSD Post-hoc, p<0.001). We
observed no food wastage in any tank and we observed a similar rhythm in feeding activity in all
tanks, with a peak between 08:00am - 10:00am and between 19: 00pm-22: 00pm. Sex ratios were
similar between tanks (68.7 * 12.9% of males). Social structure was as follows: most fish were ZT
(72.7% in T1, 74.0% in T2, 66.7% in T3 and 78.0% in T4); LT fish represented 21.8% in T1, 22.2% in T2,
27.4% in T3 and 16.0 % in T4; and HT fish accounted for 5.4% in T1, 3.7%in T2, 5.9% in T3 and 6.0% in
T4 (no significant difference between tanks: Chi’=2.319, p=0.88). On average over all tanks, ZT, LT
and HT categories represented respectively 72.9 + 4.7%; 21.9 +4.7 and 5.2 + 1.1 % of individuals in
tanks. According to the tank, there were two or three HT fish responsible for about 45 % of the total
number of actuation. Over the whole experiment duration, the mean percentage of actuation was
15 % (range 8-35) for HT fish, 4% (range 3-7) for LT fish and 0.6 % (range 0-2) for ZT fish. Sex ratio was

not different between triggering categories (Chi*= 1.37, p> 0.05).

3.2 Responses to personality tests

All variables from both tests (Restraint and OFT) and corresponding values (mean xSD; range (min-
max)) are presented in Table 1. This table shows the pronounced inter individual variability in all
behavioural variables tested. In the restraint test, HT fish tend to escape less from the net than LT
+ZT fish (Table 1), but this was not statistically different (MW, Z= 0.14 p=0.89) due to the pronounced

inter individual variation. Same results were observed for total escape duration (Table 1; MW, Z=-
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0.05, p=0.96). However, HT fish tended to have higher latency before first escape attempt than LT+ZT
(Table 1) but this was again not significant (MW, Z=-0.27, p=0.79). In the OFT, HT fish tended to have
higher latency to emerge from the shelter than LT+ZT fish (Table 1), but this was not statistically
different (MW, Z=-1.63, p=0.10). The time spent in shelter tended to be higher for HT fish (Table 1)
but was not statistically different (MW, 7Z=-1.81, p=0.07). HT fish tended also to spent less time in
central and border area than LZ +ZT fish (Table 1), but this was still not statistically different (MW,
Z=1.08, p=0.28 and Z=1.18, p=0.24). HT fish tended to be less active (Distances travelled) than LT +ZT
fish (Table 1), but this was not statistically different (MW, Z=1.18, p=0.24). Finally, HT fish tended to
stay closer to the shelter than LT + ZT fish (Table 1) but Kruskall Wallis test did not shown any

differences (MW, Z=1.45, p=0.15).

A correlation analysis between each variable from both tests is shown in table 2. The “latency before
first escape attempt” in the restraint test was positively correlated with “latency to emerge from the
shelter” in the OFT (rs = 0.63, p< 0.01; Figure 2). The “number of escape attempt” in the restraint test
was negatively correlated with “time spent in shelter” during the open field test (r,=-0.48, p=0.04;
Table 2). We also verified the absence of order effect in the OFT (correlation between latency to
leave the safe area and order of passage: r,=0.03, p=0.89) and size matching between fish

characterised in behavioural test from each triggering category (MW, Z= 0.53, p=0.53).

3.3 Links between individual triggering activity and personality tests variables

3.3.1 Restraint test
We found that “latency before first escape attempt” and the “number of escape attempts” were
significantly negatively correlated (values are given in Table 1 and 2). The variable “total escape
duration” was significantly positively correlated with “number of escape attempts”) and negatively
correlated with “latency before first escape attempt”). However, the variables “latency before first

VNT}

escape attempt”, “total escape duration” and “number of escape attempts” were not correlated with

individual actuation percentage (Table2).
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3.3.2 Open field test
Only two individuals did not move out of the shelter and were removed from downstream analyses.
They were HT fish. The variable “latency to emerge from the shelter” was not correlated with any
other variable of interest (Table 2). The variable “in shelter duration” was negatively correlated with
“time spent in center zone”, “time spent in border zone”, “total distance traveled” and “mean
distance from the shelter” but positively correlated with “in shelter duration” (Table 2). The variable
“time spent in center zone” was positively correlated with “time spent in border”, “total distance
travelled” and “mean distance from the shelter”, but not with “number of returns to the shelter”
(Table 2). The variable “time spent in border” was negatively correlated with “mean distance from
the shelter” and “number of returns to the shelter” but not with “total distance travelled” (Table 2).
The variable “total distance travelled” was positively correlated with “mean distance from the

shelter” but was not correlated with “number of returns in the shelter” (Table 2). Finally, “mean

distance from the shelter” was negatively correlated with “number of returns to the shelter”.

We found a positive correlation between “individual actuation percentage” and “latency to emerge
from the shelter” (r;=0.53; p=0.02; Figure 3A) and “in shelter duration” (r;=0.54; p=0.02; Figure 3B). In
addition, the “individual actuation percentage” was negatively correlated with the “mean distance
from the shelter” (r;=-0.55; p=0.02; Figure 3C) and “time spent in centre zone” (r,=-0.52; p=0.03;
Figure 3D). The “individual actuation percentage” was positively correlated with “number of returns
to the shelter” (r,=0.40, p=0.03). We found no significant correlations for any other variables (Table

2).

4, Discussion

The aim of this study was to investigate further seabass social structure that builds around the self-
feeding system and to determine if this structure may be partly linked to personality traits. We

determined social structure from each individual’s contribution to total food demand. We then
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assessed personality (i.e. boldness-shyness axis) by common behavioural tests in individual fish from

HT and LT+ZT groups.

The self-feeding experiment confirmed the social structure observed in previous studies (Di-Poi et al.,
2007; Millot et al., 2008; Millot and Bégout, 2009; Benhaim et al., 2012), with three well represented
categories of fish. Our findings confirm that in a group of 50 seabass, only 5 % of the individuals are
responsible for the majority of food request. The rest of the population could be divided into two
groups, with LT fish making up almost 22 % and ZT fish constituting 73%. In accordance with previous
studies on seabass (Benhaim et al., 2012) and other species such as bird, Spice finches (Lonchura
punctulata, Coolen et al., 2001), we found that neither SGR nor sex differences could explain this
structure. In addition, aggression tests were performed on seabass at a similar age and did not show
any aggressive interactions between conspecifics (Ferrari et al, submitted).We found however, that
HT fish had higher mean body mass at the beginning and all along the experiment duration. This link
between initial body mass and triggering activity is however highly variable. Indeed, (Coveés et al.,
2006a) did not find any differences in initial and final body mass according to the triggering
categories while Ferrari et al, (in preparation) found that HT fish were lighter than other categories.
The fact that no SGR differences were observed between triggering categories means that fish did
not take advantage from their triggering status, which is consistent throughout the literature (Coves
et al., 2006a; Millot and Bégout, 2009; Benhaim et al., 2012).

In the present study, we observed personality differences between high triggering and low or zero
triggering individuals in the open field test. Latency to emerge from a shelter showed high inter-
individual variability and was still significantly positively correlated with individual actuation
percentage. Fish that emerged quickly from the shelter (i.e. bold fish) performed few trigger
actuations and conversely. In addition, HT fish spent significantly more time close to the shelter than
LT+ZT fish, confirming the bolder character of LT+ZT fish (or conversely the shyer character of HT
fish). Moreover, HT fish spent less time in the center zone (which is a risky zone), returned
significantly more to the shelter and were less explorative than LT+ZT fish. All together, these results
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demonstrate that HT fish are shyer than LT+ZT fish. In addition, the consistency of all the different
traits in HT and LT+ZT fish matches with the definition of personality. According to numerous studies
(Budaev et al., 1999a; b; Fraser et al., 2001; Brown et al., 2007; Biro et al., 2010; Eriksson et al.,
2010), the time to emerge from a shelter gives an indication of the individual’s boldness, and
swimming behaviour in the open field gives an indication of boldness, activity and exploration (Millot
et al., 2009a). This test has been successfully used in mammals (mainly in rodents), but also in fish: in
Guppy, Poecilia reticulata (Budaev1997b), Convict cichlid Steatocranus casuarius (Budaev et al.
1999b),and Rainbow trout (Sneddon, 2003).

The restraint test did not reveal any behavioural differences between triggering categories. However,
although this test has been used successfully to sort fish according to their coping strategies (Silva et
al., 2010; Castanheira et al., 2013), it is highly invasive and stressful and is far removed from a natural
situation, contrary to the OFT. The positive correlation between the latency before the first attempt
to escape from the net and the latency to emerge from the shelter but also the negative correlation
between the number of escape attempts and the time spent in shelter show that distinct personality
exist in European sea bass: individual with a passive response during the restraint test tended to be
shyer during the open field test. Such analysis across test should be further developed and could be
indicative of a behavioural syndrome in sea bass. Additionally, because sea bass are known to be
gregarious species and some studies have shown that testing personality of social species using
individual based test may influence behavioural responses (reviewed by (Ashley, 2007)), it would be
interesting to couple triggering activity (which occur in group situation) and another personality test
done in group such as the risk taking (Millot et al., 2009b) or the hypoxia tests (Laursen et al., 2011).
This endeavour could improve data interpretation since here significant correlations explained only
half of the variability of our dataset: as a group HT fish characteristic were demonstrably not
independent of results returned by the open field test but the nature of our individual based test

may have increased inter-individual variability.
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Self-feeders are tools to study individual behaviour in group and undisturbed conditions. When fish
are placed under self-feeding conditions, they have to find their own food source (by the use of the
self-feeder): the fish must find the trigger and learn how to activate and use it. This demonstrates an
innovative foraging activity because they have never been in contact with such system before (Millot
et al., 2013). In our study, the social foraging structure that builds around the self-feeder may be
linked to the innovative ability of some fish, which in turn is linked to behavioural syndromes. Bold
individuals are usually recognized as better competitors, with higher feed intake (@verli et al., 1998),
higher growth rates (Huntingford, 2004; Huntingford and Adams, 2005) than shy individuals. These
individuals are also more dominant and take more risks to meet the demand of their faster pace of
life (Biro and Stamps, 2008; Réale et al., 2010). The high innovative abilities of poor competitors (who
are usually reactive) have been already reported in a previous study (Cole and Quinn, 2012).
Interestingly, when a fish entered the PVC cylinder containing the trigger, we observed a subgroup of
4 or 5 fish shoaling close behind, oriented towards the HT fish whereas other fish were waiting just
under the food dispenser (as described in Di Poi et al., 2008). We hypothesize that LT+ZT fish have
priority access to food resources under the feeder, which forces shy fish (HT) to find another strategy
to feed themselves and compensate (i.e. activate the feeder until they can eat at will). This would
force the HT fish to adopt a “producers” strategy. Indeed, schooling fish forage according to the
“scroungers/producers” theory. Group foragers commonly feed from food discovered, captured or
otherwise made available by companions (Coolen et al., 2001). This so-called ‘joining’ is reported in
people, other primates, social carnivores, birds, fish, spiders and insects (Giraldeau and Beauchamp,
1999). When all individuals in a group look for food, and every time a food source is discovered, all
other animals in the group join the discoverer to share the food (Clark and Mangel, 1984). This seems
to be the situation in the social structure we observe around the self-feeder, with only a few fish
triggering the device and feeding the entire group. As reported in Di Poi et al., (2008), the high-
triggering fish may play the role of the producer that feeds the entire group, whereas all other fish

are opportunist individuals. This behaviour may also be linked to coping style. Proactive seabass may
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know where the food falls and thus be the first to eat but pay less attention to their environment. HT
seabass (i.e. reactive fish) however, seem to be aware of the mechanism enabling the food delivery
because they are more cautious when exploring their environment as already observed in birds
(Verbeek et al., 1994). In accordance with Bolhuis et al. (2004) and Coppens et al. (2010), bold fish
tend to develop behavioural routines (waiting under the pellet release area in our case), as opposed
to shy ones which are more attentive about their environment, which may explain why they learn

how to activate the feeder.

In conclusion, this experiment provides for the first time evidence that high triggering status in
seabass is linked with personality traits (i.e. shyness) hence partly explaining the social structure that
builds around a self-feeder device. This could be linked to a foraging strategy and this knowledge
could be used to manipulate population composition to favour the presence of more HT fish leading
to better structured population achieving better growth. In addition, this would be also an additional
characteristic of personality traits of potential interest for selection programs aiming at improving
growth since it is likely that bold or shy fish will flourish better depending on the environment
characteristics. Further research is however needed first to fully understand the acquisition of
triggering status and what are the causative factors and, second, to confirm the producer role

hypothesis.
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7. Figure legends

Figure 1

Scheme and dimensions of the open field apparatus.

Figure 2

Relation between the “latency to emerge from the shelter” during the open field test (OFT) and the

“latency before the first escape attempt” during the restraint test. (r; = 0.63, p< 0.01).

Figure 3

Distribution of the values measured for the variables of interest during the duration of the OFT (20
min) with respect to individual percentage of actuation on the self-feeder device. A - Latency to
emerge from the shelter (s) ; rs=0.53; p=0.02 .B - Time spent in the shelter; r;=0.54; p=0.02. C - Mean

distance from the shelter; r;=-0.55; p=0.02. D —Time spent in central area; r,=-0.52; p=0.03.
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Table

Table 1 : Inter-individual variability for variables of interest in the open field and restraint tests. All values are presented as mean ( + sd) and range (min-

max) for each triggering category.

Behavioural test Restraint test Open Field test

Triggering category HT LT+ZT HT LT+ZT

Variables mean*sd (min-max) mean*sd (min-max) mean *sd (min - max) mean *sd (min - max)

Latency before first escape attempt (s) 86.9 + 58.3 (1.3 - 180.0)47.8 £ 58.1 (0.3 - 180.0) Latency to emerge from shelter (s) 594.5 + 409.4 (145.0-1200.0) 271.1 +317.2 (18.0- 1066.0)

Total escape duration (s) 19+19 (0.0-5.3) 4.1+48 (0.0-15.1) Time spentin shelter(s) 468.9 + 270.9 (106.2 - 791.3) 233.3 +251.5 (4.8-653.8)

Number of escape attempts 6.3+57 (0.0-15.0) 10.7+89 (0.0-27.0) Time spent in center area (s) 95.0 £ 150.1 (0.2 - 427.9) 171.7 £+ 184.1 (15.1 - 526.8)
Time spent in border area (s) 317.5+242.1 (0.6-647.8) 488.2 + 315.7 (64.1 - 1007.7)
Distance travelled (BL) 225.3+122.0 (83.0-413.1) 352.1+234.2 (109.1 - 888.7)
Mean distance to the shelter(cm) 9.6 +8.5 (1.5-22.2) 16.8+11.6 (3.2-33.9)
Number of returns in shelter 84.5+43.1 (51.0-166.0) 57.3+75.2 (1.0-212.0)
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Table 2 : Table of correlations between variables of interest of restraint test and open field test. Significant results are shown in bold characters and level of

significance was p<0.05.

Restraint test

Open field test

Variables of interest % Manipulation 1 2 3 1 2 3 4 5 6 7
% Manipulation - rs=0.38, p=0.10 rs=-0.33, p=0.15 rs=-0.32, p=0.17 - - - - - - -
Restraint 1: Latency before first escape attempt (s) rs=0.24, p=0.33 - rs=-0.81, p<0.01 rs=-0.73, p<0.01 rs=0.63, p<0.01 rs=0.20, p=0.42 rs=0.01, p=0.95 rs=-0.23, p=0.34 rs=0.01, p=0.95 rs=-0.27, p=0.26 rs=-0.04, p=0.89
test 2: Total escape duration (s) rs=-0.19, p=0.44 - - rs=0.94, p<0.01 rs=-0.23, p=0.37 rs=-0.47, p=0.51 rs=0.27, p=0.28 rs=0.41, p=0.09 rs=0.01, p=0.97 rs=0.44, p=0.07 rs=-0.15, p=0.54
3: Number of escape attempts rs=-0.19, p=0.46 - - - rs=-0.15, p=0.53 rs=-0.48, p=0.04 rs=0.35, p=0.16 rs=0.37, p=0.13 rs=0.06, p=0.81 rs=0.42, p=0.09 rs=0.01, p=0.97
1: Latency to emerge from the shelter  rs=-0.53, p=0.02 - - - - rs=-0.02, p=0.94 rs=0.20, p=0.41 rs=-0.06, p=0.79 rs=0.09, p=0.72 rs=-0.12, p=0.63 rs= 0.11, p=0.66
2:In shelter duration (s) rs=0.54, p=0.02 - - - - - rs=-0.82, p<0.01 rs=-0.69, p<0.01 rs=-0.53, p=0.02 rs=-0.90, p<0.01 rs=0.59, p<0.01
Open field 3: Time spent in center zone (s) rs=-0.51, p=0.03 - - - - - - rs=0.49, p=0.04 rs=0.53, p=0.02 rs=0.80, p<0.01 rs=-0.36, p=0.14
test 4: Time spent in border zone (s) rs=-0.26, p=0.29 - - - - - - - rs=0.26, p=0.30 rs=0.75, p<0.01 rs=-0.60, p<0.01
5: Total distance travelled (BL) rs=-0.17, p=0.59 - - - - - - - - rs=0.52, p=0.03 rs=-0.09, p=0.73
6: Mean distance from the shelter (cm)  rs=-0.55, p=0.02 - - - - - - - - - rs=-0.55, p=0.02
7: Number of returns to the shelter rs=0.36, p=0.14 - - - - - - - - - -
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Figure

Figure 1:
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Figure 2:
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Figure 3:
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