
P
le

as
e 

no
te

 th
at

 th
is

 is
 a

n 
au

th
or

-p
ro

du
ce

d 
P

D
F 

of
 a

n 
ar

tic
le

 a
cc

ep
te

d 
fo

r p
ub

lic
at

io
n 

fo
llo

w
in

g 
pe

er
 re

vi
ew

. T
he

 d
ef

in
iti

ve
 p

ub
lis

he
r-

au
th

en
tic

at
ed

 v
er

si
on

 is
 a

va
ila

bl
e 

on
 th

e 
pu

bl
is

he
r W

eb
 s

ite
 

 1 

  

Applied Animal Behaviour Science 
January 2012, Volume 136, Issue 1, Pages 63–73 
http://dx.doi.org/10.1016/j.applanim.2011.11.010  
© 2011 Elsevier B.V. All rights reserved. 
 

Archimer 
http://archimer.ifremer.fr 

 
 

 

Effect of fasting on self-feeding activity in juvenile sea bass 
(Dicentrarchus labrax) 

 

David Benhaïma, *, Marie-Laure Bégoutb, Samuel Péanb, Blandine Brissetb, Didier Leguayb,  
Béatrice Chatainc 

 
 
a LERMA, INTECHMER/CNAM, BP 324, 50103 Cherbourg Cedex, France 
b Ifremer, Place Gaby Coll, BP 7, 17137 L’Houmeau, France 
c Station Expérimentale d’Aquaculture Ifremer, Laboratoire de Recherche Piscicole de Méditerranée, Chemin de 
Maguelone, 34250 Palavas-Les-Flots, France 
 
 
*: Corresponding author : David Benhaïm, Tel.: +33 02 33 88 73 38 ; fax: +33 02 33 88 73 39 
email address : david.benhaim@cnam.fr 
 
 

 
 
 
Abstract :  
 
In various experiments under self-feeding conditions, sea bass groups could be divided into three 
categories regarding feeder actuation: high, low and zero-triggering fish. In all cases few high-
triggering fish were responsible for a high percentage of the feed delivery. A question was raised 
about the role played by feeding motivation in such high-triggering status acquisition. It was 
approached by applying a 3-week fasting period in order to induce similar negative specific growth rate 
(SGR) in two groups of fish of similar mean weight but with either a low or a high coefficient of 
variation for weight (CVw) (Tlow: CVw ∼ 11%, 3 tanks of 60 fish each; Thigh: CVw ∼ 20%, 3 tanks of 60 
fish each). These groups were created to test the consistency of behavioural responses in two 
different contexts (i.e. two population size-distributions). During the follow-up period of 40 days, the 
group level feed-demand behaviour was not strongly modified by the fasting period and there were no 
differences between Tlow and Thigh groups. Complete growth compensation was the same in all tanks 
as observed at the end of the experiment. At the individual level, high-triggering fish were exactly the 
same individuals before and after the fasting period. Up to four high-triggering fish could be observed 
according to the tank and when several fish were performing high-triggering activity, their rankings 
were sometimes reversed after the fasting period. High-triggering fish increased their activity levels 
after the fasting period showing behavioural plasticity. High-triggering status could neither be 
explained by an initial lower SGR nor a sex effect, nor by any of the measured physiological blood 
parameters. Thus, individual's triggering activity levels could be related to personality and/or metabolic 
traits but further research is required to confirm this assumption. 
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1.Introduction 

 

Self-feeding systems have been primarily developed to allow fish to obtain food according to 

their energy and nutrition requirements (Brännäs and Alanärä, 1993; Paspatis and Boujard, 1996; 

Sánchez-Vázquez et al., 1998; Sánchez-Vázquez et al., 1999; Yamamoto et al., 2000a; Yamamoto et 

al., 2000b) at preferred feeding times (Boujard and Leatherland, 1992; Sánchez-Vázquez et al., 1995; 

Boujard et al., 1996; Heilman and Spieler, 1999). In the recent years, when coupled with a PIT tag 

detection antenna, they opened up new research perspectives. They contributed to better understand 

the individual behaviours of fish living in groups (Alanärä and Brännäs, 1993; Covès et al., 2006). For 

example, dominance hierarchies have been described in rainbow trout, Oncorhynchus mykiss (Alanärä 

and Brännäs, 1993; 1996 ; Alanärä et al., 1998) and arctic charr, Salvelinus alpinus (Brännäs and 

Alanärä, 1993; Alanärä and Brännäs, 1996 ) reared under self-feeding conditions. 

Numerous studies using this device concerned European sea bass, Dicentrarchus labrax, a 

commercially important species in the Mediterranean that has demonstrated a great ability and high 

plasticity to use such systems (Covès et al., 1998; Rubio et al., 2004). In this species, an intriguing 

individual specialization exists when using self-feeders with three triggering categories coexisting: 

high (HT), low (LT) and zero-triggering (ZT) fish (Covès et al., 2006; Di-Poï et al., 2007; Millot et al., 

2008; Millot and Bégout, 2009). In small populations composed of 50 to 100 fish, whatever the 

experimental conditions, the same pattern is always observed: HT fish are very few with only one or 

two animals being responsible for 80% of the triggering activity under a reward regime of 1 or 2 

pellets per individual given after each actuation (Covès et al., 2006) or two or three fish responsible of 

about 45% of the triggering activity under a reward regime equivalent to 1 pellet per individual (Millot 

et al., 2008). On the other hand, the ZT status would be attributed to fish that never actuate the device 

(Covès et al., 2006; Millot et al., 2008) or less than 4% of the time or if they perform a mean 

triggering activity lower than once a day (Di-Poï et al., 2007). This ZT category represented about 

10% of the population (Covès et al., 2006), the rest being composed of individuals that seldom 

actuated the trigger (LT), (Covès et al., 2006): ≤ 25% of actuations (Millot et al., 2008), 4 to 15% (Di-

Poï et al., 2007), 0 to 30% (Covès et al., 2006). This individual specialization in three categories has 
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been shown to be homogenous and stable in time over 200 days (Millot et al., 2008) with HT fish 

keeping their status during 60 days on average (Millot and Bégout, 2009). These authors showed that 

an HT fish that looses its status rarely recovers it, and becomes LT. They also hypothesized that the 

frequent change of HT fish in a tank could be regarded as the consequence of an imbalance group 

social structure (Millot, 2008), pointing out that changes occurred at the time of stressful events or 

spontaneously but without changing the overall population composition (Millot, 2008; Millot and 

Bégout, 2009). The characteristics of HT, LT or ZT fish could be summarised as followed: 

- None of these fish showed differential access to delivered food whatever the category they belong 

to (Covès et al., 2006) and there was no clear evidence of a link between sex and food demand i.e. 

HT fish are either females or males (Covès et al., 2006).  

- In most cases, the three categories exhibited no difference in mean initial or final weights or in 

mean specific growth rate (Covès et al., 2006; Di-Poï et al., 2007; Di-Poï et al., 2008). 

- The serotonergic turnover of LT and ZT individuals is higher than the HT’s one indicating that 

they could be under social stress due to the high activity of HT individuals (Di-Poï et al., 2007) or 

that they are subordinate fish (Winberg and Nilsson, 1993). 

Finally, Millot et al. (2008) pointed out an interesting result from a long term experiment where the 

future HT individuals had negative specific growth rate at the beginning of their active period. These 

authors hypothesized that fish with a negative growth might be searching more for pellets and/or spent 

more time in the feeding zone i.e. had a higher feeding motivation, which in turn, may enhance the 

self-feeder learning process and hence its actuation. Another hypothesis would be that HT 

specialization could be underpinned by personality traits. 

 

Animal personality traits can be defined as behavioural tendencies that affect behaviour in 

different contexts, vary across the individuals in a given population, and are consistent within 

individuals across time (Sih et al., 2004; Réale et al., 2007). Among personality traits, shyness or 

boldness have been described in several fish species: sunfish, Lepomis gobbosus (Coleman and 

Wilson, 1998); guppies, Poecilia reticulata (Godin and Dugatkin, 1996); rainbow trout (Werner and 

Anholt, 1993; Lima et al., 1998); sea bass (Millot et al., 2009).  In rainbow trout, boldness could be 
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associated to learning abilities (Sneddon, 2003). As mentioned by several authors, personality traits 

often underlie physiological or neuroendocrine correlates (Koolhaas et al., 1999; Van Riel et al., 2002; 

Carere et al., 2003; Feldker et al., 2003; Sluyter et al., 2003; Veenema et al., 2003; Øverli et al., 2006). 

This intrinsic characteristic of the individual should not be confused with non-repeatable variation in 

behaviours that may be determined by recent experience or environmental conditions (Dingemanse 

and de Goede, 2004). 

 

Fasting has been extensively studied in several fish species since many species live through 

natural fasting periods and can survive for months without food (Love, 1980). This lack of food is a 

frequent occurrence for wild fish as a consequence of temporal and spatial food availability in the 

aquatic environment (Aranda et al., 2001). Numerous studies aimed to investigate metabolic 

consequences of fasting in fish (Black and Love, 1986; Gutiérrez et al., 1991; Blasco et al., 1992), 

while others focused on compensatory growth after fasting (Weatherley and Gill, 1987; Kim and 

Lovell, 1995; Paul et al., 1995; Hayward et al., 1997; Nicieza and Metcalfe, 1997; Jobling et al., 

1999). Behaviour under fasting conditions has also been reported for larvae, juveniles, and adults of 

several species (Beukema, 1968; Laurence, 1972; Rice et al., 1987; Croy and Hughes, 1991) but to the 

best of our knowledge, there is no study testing the influence of fasting on individual specialization 

and the resulting group structure in self-feeding conditions for any species.  

 

Thus, the aim of this study was to determine if HT behaviour is only the consequence of 

temporary and contextual feeding motivation. This question was approached by applying a period of 

fasting in order to induce similar negative specific growth among fish. If feeding motivation is 

directing HT behaviour acquisition and status, we hypothesise that rank-order (in relation with 

triggering-activity) of individuals should be modified after the fasting period. Further, the experiment 

was performed with two different size distribution groups, i.e. large and narrow coefficient of 

variation for weight, in order to test for results consistency in two usual situations met in aquaculture 

(graded vs. non-graded groups). Indeed, it has already been shown that social environment may be 

determined by factors such as size heterogeneity. In particular, it could affect feeding behaviour and 
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swimming activity (Martins et al., 2005) or promote social hierarchy resulting in feed intake and 

specific growth rate that are proportional to fish size and weight (Alanärä and Brännäs, 1996 ). 

 

2. Materials and methods 

 2.1. Fish  

Sea bass juveniles used in this experiment were hatched and grown at the farm Aquanord SA 

(France). They were transferred to the experimental station of Ifremer L’Houmeau when they were 

284 days old. After a two-week acclimation period, each fish was individually tagged by inserting a 

PIT-tag® horizontally just behind the head to prevent any change of position subsequent to 

implantation. Fish were weighed (to the nearest mg) and measured for total length (to the nearest mm).  

 

 2.2. Experimental set-up 

The experiment was carried out in six 400 l tanks supplied with sand filtered seawater in a 

recirculated system (flow rate of 4 m3 h−1 in each tank, and 10% water renewal per day). Water 

temperature was maintained at 21.0±0.9 °C, oxygenation at 7.5±1.5 mg l-1, and salinity at 23.4±1.3‰. 

Tanks were surrounded by black curtains to reduce any disturbance to the fish,  and individually 

lighted with a 120W lamp located at 90 cm above the water surface. Light regime was 16:8 LD (light 

onset at 06:00 U.T. + 1) with twilight transition periods of 30 min. Fish were fed a commercial sea 

bass diet (Neo Start 3, France: 47% crude protein, 18% lipid according to the manufacturer, 3.2 mm) 

provided with a self-feeder. 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; Covès et al., 2006), 

and a control box. After each actuation, fish were rewarded with pellets, feed dispensers being 

regulated to distribute always the same quantity of food which corresponded, according to the fish 

biomass in tanks, to 0.8 g kg-1 of fish at the beginning of the experiment and 0.6 g kg-1 at the end. The 

reward level was a compromise between minimizing wastage, and optimizing feed allocation to the 

group. Such a set up allowed to monitor two variables of interest on a daily basis: the individual feed 

demand behaviour and the group (i.e. one group per tank) apparent feed consumption (uneaten pellets 

were counted). Apparent group feed consumption (food quantity dispensed minus waste counted on 
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the bottom of the tank and in the sediment trap) was monitored daily. Triggering activity recordings 

were done continuously except before and during fish biometry sessions (no recordings during 48 h at 

each biometry session, triggers were taken out of the water). Fish were placed under self-feeding 

conditions at D1 (first day of the experiment), and food access was possible the whole day along (24 

h) even during the cleaning of rearing units and the waste counting from 10:00 to 11:00 (U.T. + 1). 

The experiment lasted 145 days, and fish were weighed and measured at fortnight interval (9 measures 

in total). Fish were anesthetized with clove oil (40 mg l-1) during handling.   

 

 2.3. Experiment steps 

 The first step consisted in a 25-day learning phase i.e. the time taken by the fish to learn 

actuation of the self-feeding trigger in each tank. At this stage, each tank hosted 100 fish of similar 

weight and size.  

At D26, fish were size graded to create two different treatments: groups of fish of similar mean 

weight but with either a low or a high CV of weight (CVw) (Tlow: CVw ~ 10%, 3 tanks of 60 fish each; 

Thigh : CVw ~  20%, 3 tanks of 60 fish each). Their feed demand was recorded for 54 days (D27-D80). 

At D81, self-feeder systems were removed, and a 3-week fasting period applied (D81-102). At D103, 

self-feeder systems were set-up again, and a second feed demand period was recorded for 40 days 

(D103-142). 

 

 2.4. Measured and calculated variables 

The variables chosen to evaluate biological performances and feeding behaviour within 

periods were the following: 

- Body weight (BW in g), Total body length (BL in cm), Specific growth rate: SGR (% body 

weight per day) = 100 (Ln BWf - Ln BWi) / t, with BWf and BWi being the final and initial 

body weight (g) respectively, and t the total number of days, Fulton index (K = 

100*BW*(BL3)-1) were measured on each fish. 

-Feed demand (FD in g.kg-1 of fish biomass), Food wastage (FW in g), and Feed efficiency ratio 

(FER = Biomass gain (g) /total feed eaten (g)) were measured at the tank level. 
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- Daily feeding rhythms (measured at the tank level also) were calculated by taking into account 

the feeding demand per hour. 

 

Fish individuals were characterized according to their triggering activity classifying them into 

3 categories according to their proportional contribution to total number of trigger actuations within a 

group: high-triggering HT (>15% actuations), low-triggering LT (< 15%), and zero-triggering ZT (< 

2%) individuals (based on Covès et al, 2006). 

 

In order to evaluate physiological status i.e. to compare the physiological blood compositions 

before and after fasting and between Thigh and Tlow groups, 4 fish were randomly taken in each tank at 

D83 and D103 taking care however not to sample HT fish. Four more fish from each tank were 

similarly analysed at the end of the experiment (D145), including HT fish, ZT fish and random fish 

samplings. They were anesthetized, and a blood sample (c. 0.1 ml) was collected from caudal vessels 

with 1-ml preheparinized syringes. These samples were immediately analysed using an i-Stat® 

Portable Clinical Analyzer (Abbott; cartridges CG8+; Heska corporation, Fort Collins, CO, USA; 

(Harrenstien et al., 2005)). This apparatus analysed the 13 following variables: 

-     Potential of hydrogen (pH) 

- Carbon dioxide partial pressure (PCO2 in mm Hg) 

- Oxygen partial pressure (PO2 in mm Hg) 

- Base excess (BE in mmol L-1), 

- Bicarbonate (HCO3 in mmol L-1) 

- Total carbon dioxide (TCO2 in mmol L-1) 

- Oxygen saturation (sO2 in %) 

- Potassium ion (K+ in mmol L-1) 

- Sodium ion (Na+ in mmol L-1) 

- Ionized calcium (iCA in mmol L-1) 

- Plasma glucose (Glu in mg dL-1) 

- Hematocrit (Hct in % PCV), and haemoglobin (Hb in mmol L-1)  



 9 

 

At D145, all fish were sacrificed and sexed. The gonads, liver and viscera of 4 fish randomly 

sampled in each tank were dissected, weighted and hepatosomatic (HS), viscerosomatic (VS) and 

gonadosomatic (GS) indexes were calculated as described by Storebakken et al. (1991). 

 

 2.5. Data analysis 

All variables were compared using parametric analysis of variances (ANOVA) after 

verification of distribution normality and homoscedasticity (Dagnélie, 1975). When data did not fulfil 

these requirements, non parametric Kruskall-Wallis tests were used. Significant ANOVA were 

followed by a post-hoc multiple comparison test (Newman–Keuls), and Kruskall-Wallis test by a rank-

based multiple comparisons (Zar, 1984).  

Statistical analyses were conducted using Statistica 8 (Statsoft, USA), and for all tests, the 

significant threshold was p < 0.05.  

Individual SGR values were compared using repeated measures analysis of variance with 

Treatment (Tlow vs. Thigh groups) and Tank (random factor) nested to Treatment as between-subjects 

factors and Date (9 dates corresponding to 9 fish measurement dates) as within-subjects factor.  

FD, FW, FER means were compared before (D27-D80) and after fasting (D102-D142) in each 

tank using a Student’s t-test for independent samples. To test for treatment effect (Tlow vs. Thigh groups) 

on the same variables, means calculated from each triplicate were compared before fasting then after 

fasting using a Student’s paired t-test. 

Mann–Whitney tests were used to compare: i) the percentages of fish falling in each triggering 

category before and after fasting at D81 versus D103, and (ii) the latency time, i.e. the time taken by 

fish to perform the first self-feeder actuation between HT and first triggering fish at D103. 

At last, some of the characteristics of the 3 fish triggering categories were compared: (i) their 

sex-ratio using a chi-square test, (ii) their SGR using a 2-way ANOVA with Treatment (Tlow vs. Thigh), 

fish triggering category (HT, LT and ZT), Sex as fixed factors and Tank as a random factor nested to 

treatment. Analyses were performed separately at D82, D102, D117, D130 and D144. 
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Physiological blood parameters were compared using a Kruskal-wallis test with Treatment 

(Tlow vs. Thigh groups) and Date (day 54, 82 and 144) as fixed factors.  

GS, VS and HS recorded at the end of the experiment were compared using Kruskal-wallis 

test with Tank, Categories (triggering) and Sex as independent variables. 

 

3. Results 

3.1. Growth and feed­demand behaviour at the group level 

Before fasting, all SGR were around 1.1 % of body weight gain per day with low variation 

(1.11±0.15 %) between treatment or tank, while during fasting, they all reached negative values with a 

lower variation between treatment or tanks (-0.50±0.08 %) (Figure 1A). After fasting, SGR strongly 

increased reaching almost twice (x1.7 after a month) the values observed before fasting. At the end of 

the experiment, weight gain per day returned to the levels recorded before fasting (1.23±0.13 %). 

There was no SGR difference between Tlow and Thigh groups but significant tank(treatment) effect (F(4, 

278) = 30.2, P < 0.001). Newman–Keuls tests showed that this significant effect was due to tank 6 

where SGR values were significantly lower to all other tanks at date 1 (P < 0.001 for each pairwise 

comparison), significantly higher to tanks 4 and 5 at date 3 and 5 (P < 0.05 for each pairwise 

comparison), significantly higher to all other tanks at date 8 (P < 0.001 for each pairwise comparison). 

It was also due to tank 1 where SGR values were significantly lower to all other tanks at date 2 and 4 

(P < 0.05 for each pairwise comparison), higher to all other tanks at Date 6 except for Tank 4 (P < 

0.001 for each pairwise comparison).    

The theoretical growth curve calculated without fasting showed that the estimated final weight 

is almost identical to the observed data at the end of the experiment, i.e. 62 days after the end of the 

fasting period (Figure 1B). CVw (Figure 1B) remain stable in Tlow and Thigh groups. They tended to 

slightly decrease from the beginning to the end of the experiment in Thigh groups (from 20.70 ± 1.03% 

to 19.10 ± 1.12%) whereas they slightly increased in Tlow groups (from 9.86 ± 0.23% to 12.97 ± 

1.18%). 

The whole experiment along, FD varied between 13.28 to 18.69 g kg-1 (min-max values), FER 

between 0.52 and 0.99 (Figure 1C) and FW remained very low varying between 0.0 and 5.1 g per day. 
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There were no FD and FW significant differences but significant FER difference before and after 

fasting in tanks 1, 4, 5 (df = 73, t = 2.9, P < 0.05; df = 76, t = 2.37, p = 0.02; df = 76, t = 2.07, P = 0.04 

respectively); no FD, FW and FER significant differences in tanks 2 and 6; FD and FER significant 

differences in tank 3 (df = 78, t = -4.3, P < 0.001; df = 76, t = -4.1, p < 0.001 respectively).   

 

No differences could be observed either between Tlow and Thigh groups nor before and after 

fasting for FD or FW (15.85±1.46 g kg-1
,, 0.60±0.50 g, before fasting and 16.40±2.80 g kg-1, 0.29±0.26 

g, after fasting,), Tank 3 data being removed from the analysis because of the very high level of food 

wasted after the fasting period. The sole difference was recorded for FER that was significantly higher 

in Tlow groups before fasting (df = 41, t = 2.25, P = 0.03). 

 Feeding rhythms were similar before and after fasting with peaks of higher activity observed 

at 6:00, 10:00, 11:00 and 12:00 (Figure 2).  

 

3.2. Individual feed demand behaviour 

Triggering activity categories were very similar before and after fasting (Figure 3). Most of 

the fish almost never (i.e. 0-1% of triggering activity) actuated the trigger (65.6±7.4% before fasting 

and 67.8±6.1% after fasting). Another important category was fish having a triggering activity of 2 to 

5%: 29.1±8.8% of the fish before fasting and 27.3±5.9 after fasting for this class. The most important 

triggering activity was therefore performed by 1 to 10 individuals per tank before fasting and 1 to 6 

individuals per tank after fasting (Figure 4). The only difference recorded before and after fasting was 

the increase of the higher triggering activity performed by a single fish (Figure 3). 

 

HT fish remained the same before and after fasting (Figure 4). In tanks 1 and 4, this was 

verified for a single fish per tank that performed a very high level of activity that doubled after the 

fasting period (Figure 4): 28.4±19.5% and 33.2±20.4% of the triggering activity of their respective 

tank. In other tanks, similar results were observed but for a group of two or 4 fish. In tank 6, there was 

no real HT but the higher ranked fish before fasting slightly increased its activity after fasting while 

the fish that was in second position strongly increased its activity.  
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In tank 5, two fish performed similar activity before and after fasting. In tank 2, two fish 

performed the highest triggering activity but their ranks were reversed before and after fasting. In tank 

3, 4 fish performed similar triggering activity before fasting, but this activity decreased for two of 

them after fasting while it increased for the other two. 

The latency time to the first triggering activity after fasting (22.2±13.6 min) was not different 

from the HT fish latency time (Z = -1.28, P = 0.20). First trigger actuations were performed by HT fish 

in tanks 2 and 4 and by LT fish in tanks 1, 3, 5, 6 (Figure 5). 

 

3.3. Individual characteristics 

Sex ratio was similar in all tanks (1.49±0.21% of females) and not correlated with triggering 

activity. For SGR, no effect of Treatment, Triggering category or Sex could be observed at any dates 

but Tank(Treatment) effect was significant (F(4, 334) = 13.2, P < 0.01; F(4, 334) = 8.3, P < 0.01; F(4, 334) = 

9.3, P < 0.01; F(4, 334) = 5.3, P < 0.01; F(4, 334) = 30.0, P < 0.01 respectively from D82 to D144). 

Neither Tank nor Treatment (Tlow vs. Thigh groups) effects were observed for any physiological 

variables but they differed according to Date (Table 1). Numerous variables significantly decreased 

after the fasting period i.e. PCO2, HCO3, TCO2, Glucose, Hct and Hb. These values increased again at 

the end of the experiment reaching similar values as the ones recorded before fasting or even higher 

values i.e. PCO2, Na, K and Glucose. Only sO2 was significantly lower after fasting, and at the end of 

the experiment. 

No Tank, Category nor Sex differences were recorded for any physiological variables at the 

end of the experiment. The only difference concerned GS that was higher in females (0.20±0.05 %) 

than in males (0.05±0.01, H(1, 23) = 16.5, P < 0.0001). 

 

4. Discussion 

This work aimed to determine if HT behaviour is only the consequence of temporary and 

contextual feeding motivation. Therefore, a period of fasting was applied in order to induce similar 

negative SGR values among two groups of fish (differing by their size-distribution). Consistency in 
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HT behaviour was evaluated between periods and groups in order to test the hypothesis of feeding 

motivation governing the observed triggering responses. 

This study showed that feed demand behaviour was not strongly modified by a three-week 

fasting period. At the individual level, it was confirmed that only a few individuals were responsible 

for most of the triggering activity. The HT status could neither be explained by an initial lower SGR 

nor by a sex effect, nor by any of the measured physiological blood parameters. Individuals triggering 

activity that took place in each tank was consistent within individuals across time and in two contexts 

(two different size distribution). This could be related to personality and/or metabolic traits but further 

research is needed to confirm this assumption. 

 

4.1. Growth, feed­demand behaviour and physiology at the group level 

Growth performances were similar in low and high CVw groups. The fasting period induced similar 

negative SGR values in all individuals that were associated to plasma glucose decrease in accordance 

with levels given by previous study on sea bass (Echevarria et al., 1997), and to hematocrit decrease, 

which has been already described in other fish species (Muller et al., 1983; Boismenu et al., 1992; 

Gillis and Ballantyne, 1996; Neubert et al., 1999).  

A parallel decrease of PCO2, HCO3 and TCO2 was also observed that could be linked to the fact that 

fish deprived of food reduce their oxygen consumption (and therefore their CO2 production) by 

decreasing their energy expenditure in an attempt to conserve body energy reserves (Cook et al., 2000; 

O'Connor et al., 2000; Rios et al., 2002). 

 

During the four weeks following the fasting period, fish exhibited accelerated growth. They 

grew indeed very fast, and at the end of the experiment they achieved the same body mass than fish 

that would have been continuously fed, indicating a complete compensation (Kim and Lovell, 1995; 

Nicieza and Metcalfe, 1997; Jobling et al., 1999). Previous studies already showed complete 

compensatory growth in Atlantic cod Gadus morhua after deprivation for 3 weeks (Jobling and 

Baardvick, 1994). In the present study, this growth acceleration was not associated with hyperphagia 

(i.e. feed demand did not strongly increase after the fasting period), but with food conversion 
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efficiency improvement, which is one of the major mechanisms causing compensatory growth during 

the period of re-feeding (Dobson and Holmes, 1984; Russell and Wootton, 1992; Qian et al., 2000). 

 

Feeding rhythm was neither influenced by size distribution (low and high CVw groups) nor by 

fasting and 4 main peaks were recorded at 6:00, 10:00, 11:00 and 12:00, which are close to rhythms 

described previously under similar conditions (Millot et al., 2009).  

 

4.2. Individual feed­demand behaviour 

The self-feeder triggering activity was very similar before and after fasting. This study 

confirms that, in a group of 50-140g sea bass (60 individuals), a few individuals only are responsible 

of more than a third of the triggering activity, the rest of the population being composed here, of 

around 66 % of ZT fish and 28 % of fish performing 2-5 % of triggering. An interesting result is that 

fasting induced higher activity only in fish that had already acquired the HT status before fasting.  

 

The most important result of this study came up when comparing the triggering activity of 

each tagged fish before and after fasting: feeding motivation was not revealed to be the major factor 

explaining the different levels of activity. Indeed, because all fish were similarly fasted, it was 

expected according to the feeding motivation hypothesis (Millot et al. 2008), that several fish should 

have acquired HT status after the fasting period, but this was not the case because HT fish maintained 

their status before and after fasting. In some cases, a single fish could even perform a third of the total 

triggering activity that represented 3-4 times more than the most active LT fish. In other cases, the 

same group of 2 or 4 fish was found before and after fasting but with different rankings (according to 

the triggering activity level). This social structure seemed therefore to remain very stable, and here, a 

small number of fish (1 to 4) kept a high level of triggering activity during 96 days including a period 

of 55 days before fasting and a period of 41 days after fasting. Millot et al. (2008) showed that a HT 

fish could keep its status during approximately 63 ± 16 days on average (12-186, min-max) and when 

loosing it, a new fish previously identified as a LT fish, was replacing it. The present work showed 

that fish rankings according to their triggering activity levels in each tank should also be considered. 
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Indeed, we hypothesize that not all LT fish have the same potential to become HT fish, and that only 

those that are able to maintain themselves at a high ranking level can do it. In the present work, fish 

that lost their first position in term of activity were still among the more active individuals. Rankings 

reversal could indicate a competition situation among the more active fish that would explain the HT 

status changes described previously (Millot et al, 2008), and the fact that HT fish removed from tanks 

are replaced by the same number of new HT fish (Di-Poï et al., 2008). Millot et al. (2008) already 

mentioned the hypothesis of HT fish dominance on other fish categories. Dominance does not 

necessarily imply aggression among fish e.g. exploitation or scramble competitions (Ward et al., 

2006). The observed stability of the social structure could be explained by social interactions that are 

known to influence animal activities resulting in efficient adaptative behaviour (Galef, 1995; Galef Jr 

et al., 1996). 

 

The latency time to actuate the trigger after the fasting period was very short in all tanks (11 to 43 

min) while it was 17.7±2.7 hours during the learning phase. This confirms that trigger actuation relies 

upon cognition, which includes memory formation and executive functions related to information 

processing such as learning and problem solving functions (Brown et al., 2006). Even though the very 

first actuations were performed in 4 of the 6 tanks by LT fish, their latency time was not significantly 

different from HT ones. It is also notable that the feeding rhythm was established again immediately 

without food wastage increase in 5 tanks out of 6.  

 

This suggested that trigger actuation among sea bass populations can not be fully explained by feeding 

motivation. One hypothesis is that trigger actuation could be classified in “activity”, which is one of 

the 5 personality traits category described by Réale et al. (2007) because, in all cases some individuals 

consistently differed in activity levels (HT vs LT vs ZT fish). As already mentioned above, further 

research would be useful to determine the frontier between LT and HT fish i.e. to check if all fish 

belonging to the LT fish category have really the same potential to become HT fish. Some authors 

already pointed out that more studies were also needed to discern generalities on the breadth of 

behavioural syndromes (i.e. on the range of behavioural correlations, Sih et al., 2004). The personality 
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traits need reflecting consistency in behaviour between individual across two or more situations (Sih et 

al., 2004), which was the case here, across two situations (before and after fasting; low and high CVw 

groups), and for the 96 days that lasted the experiment.  

There were neither blood parameters responses nor growth performances (except a higher body weight 

in LT fish compared to ZT fish) nor sex differences between HT, LT and ZT fish. However, we did 

not investigate metabolic traits that could explain the HT status acquisition. Indeed, in our study the 

HT increased their activity after fasting and their status lasted 96 days while Millot et al (2008), when 

performing a long-term study on sea bass under self-feeding conditions, showed that the HT were 

keeping their status during 60 days on average. This longer period could be explained by a metabolic 

trait that could be reinforced by the fasting period. It would have been interesting to compare HT 

physiological parameters between the beginning and the end of the experiment to investigate more 

accurately the metabolic trait explanation but the blood sampling itself can induce stress which could 

have changed the triggering status (Millot, 2008; Millot and Bégout, 2009). 

 

Nevertheless, the plasticity of the behavioural response in relation to environment variation is not a 

sticking point with the personality traits definition since some authors stated that personality and 

plasticity could be considered as complementary aspects of the individual phenotype (Dingemanse et 

al., 2009). Furthermore, personality can underlie physiological or neuroendocrine correlates (Koolhaas 

et al. 1999; van Riel et al. 2002; Carere et al. 2003; Feldker et al. 2003; Sluyter et al. 2003; Veenema 

et al. 2003; Overli et al. 2006). Specifically in sea bass, Di-Poï et al (2007) already showed that HT 

fish had lower serotonergic turnover than LT and ZT fish and hypothesized it could be linked to a bold 

personality trait. 

  

In conclusion, this study brought forward evidence to demonstrate that in sea bass: (i) high-triggering 

status is not regulated by a negative growth, (ii) feeding motivation seems not to be the sole factor that 

determines individual activity level, and (iii) triggering activity could be associated to personality 

traits but our protocol did not allow to reject the hypothesis stating that there were no difference in 

feeding motivation before and after fasting and therefore to directly assess personality. Further 
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research is needed to better understand the HT status acquisition. In particular, new questions arose 

about the low-triggering category, which could be probably better described i.e. subcategories should 

be identified. We suggest investigating HT personality traits in dedicated experiments since the 

triggering activity could be correlated to other personality traits as described in behavioural syndromes 

(Koolhaas et al., 1999; Réale et al., 2000). At last, experiments in calorimetric chambers could be 

useful to determine the potential importance of metabolic traits associated with HT behaviour status.  
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Figures and tables 

 

Figure 1. Growth performances before and after fasting period. Fish were fasted between day 81-102.  

A.  Mean ± standard deviation of Specific Growth Rates in Tlow (CV ~ 10% : low CV of weight) and 

Thigh (CV ~  20%: high CV of weight). Tanks 1, 2, 3 are Tlow groups; tanks 4, 5, 6 are Thigh groups.  

B. Mean ± standard deviation of observed (white dots) and theoretical (black dots) body weight 

evolution within age (all tanks data pooled). The theoretical growth was an extrapolation of the growth 

fish would have stand without fasting (between day 82 and 102). This curve is based on the regression 

(y = 0,6941x – 27693) calculated from day 26 to day 82 with a coefficient of determination r2 = 0.998. 

Mean ± standard deviation of coefficients of variation for weight (CVw) in Tlow and Thigh groups. 

C. Mean ± standard deviation of Feeding Efficiency Ratio (FCR) and Feeding demand (FD).  
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Figure 2. Mean ± standard deviation of feeding rhythm before (white dots) and after (black dots) 

fasting period. The black mark on the X-axis represents the night period. 

 

Figure 3. Number of fish in different triggering classes (expressed in %) in Tlow (CV ~ 10% : low CV 

of weight) (Tanks 1, 2, 3) and Thigh (CV ~  20%: high CV of weight) (Tanks 4, 5, 6) groups. 

 A: before fasting (Day 27-80), B: after fasting (Day 103-142). Fish were fasted during the 81-102 day 

period. 
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Figure 4. Mean ± standard deviation of number of trigger actuations performed by each individual 

before and after fasting period (day 27-80 and day 103-142 periods) in Tlow (CV ~ 10% : low CV of 

weight) (Tanks 1, 2, 3) and Thigh (CV ~  20%: high CV of weight) (Tanks 4, 5, 6) groups. Significant 
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differences before and after fasting are represented by an asterisk (Mann-Whitney test):* P<0.05, ** 

P<0.01, *** P<0.001 

 

 

Figure 5. Latency time taken by any fish (black bars) to perform the first actuations after the fasting 

period (at day 103) in Tlow (CV ~ 10% : low CV of weight) (Tanks 1, 2, 3 and Thigh (CV ~  20%: high 

CV of weight) (Tanks 4, 5, 6) groups. In white bars: latency time taken by fish that were high-triggers 

before fasting. 
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Table 1. N=24, mean ± standard deviation of blood plasma variables before fasting (Day 82), after 

fasting (Day 102) and at the end of the experiment (Day 144). Letters following means indicate 

statistical differences between sampling dates, means not sharing a common letter are significantly 

different and no letter means no significant difference. * P<0.05, ** P<0.01, *** P<0.001 

 Day 82 Day 102 Day 144  
Ph 7.2 ± 0.0a 7.2 ± 0.1a 6.9 ± 0.2b *** 
pCO2 (mm hg) 31.3 ± 5.9a 21.9 ± 2.9b 57.8 ± 12.1c *** 
pO2 (mm hg) 36.9 ± 11.9a 32.4 ± 13.3a 14.1 ± 11.4b *** 
BE (mmol l-1) -15.4 ± 2.4 -18.9 ± 1.9 -19.5 ± 5.2  
HCO3 (mmol l-1) 12.5 ± 1.9a 8.9 ± 1.2b 12.3 ± 2.9a *** 
TCO2 (mmol l-1) 13.4 ± 2.2a 9.6 ± 1.2b 14.1 ± 2.7a *** 
sO2 (%) 57.6 ± 18.6a 47.7 ± 22.2a 11.4 ± 18.3b *** 
Na (mmol l-1) 158.2 ± 9.3a 150.0 ± 29.6a 168.0 ± 8.7b *** 
K (mmol l-1) 4.3 ± 0.9a  4.1 ± 0.6a  5.9 ± 1.4b *** 
iCA (mmol l-1) 1.1 ± 0.3 0.9 ± 0.4 1.4 ± 0.3  
Glucose (mg dl-1) 133.5 ± 46.5a 72.5 ± 16.4bb 354.8 ± 74.1c *** 
Hct (% PCV) 26.1 ± 5.0a 21.2 ± 3.4b 29.9 ± 4.7a *** 
Hb (mmol l-1) 8.8 ± 1.7a 7.2 ± 1.2b 10.2 ± 1.6a *** 
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