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Abstract

The interest in animal personality, broadly defined as consistency of individual behavioural traits over time and across
contexts, has increased dramatically over the last years. Individual differences in behaviour are no longer recognised as
noise around a mean but rather as adaptive variation and thus, essentially, raw material for evolution. Animal personality
has been considered evolutionary conserved and has been shown to be present in all vertebrates including fish. Despite the
importance of evolutionary and comparative aspects in this field, few studies have actually documented consistency across
situations in fish. In addition, most studies are done with individually housed fish which may pose additional challenges
when interpreting data from social species. Here, we investigate, for the first time in fish, whether individual differences in
behavioural responses to a variety of challenges are consistent over time and across contexts using both individual and
grouped-based tests. Twenty-four juveniles of Gilthead seabream Sparus aurata were subjected to three individual-based
tests: feed intake recovery in a novel environment, novel object and restraining and to two group-based tests: risk-taking
and hypoxia. Each test was repeated twice to assess consistency of behavioural responses over time. Risk taking and escape
behaviours during restraining were shown to be significantly consistent over time. In addition, consistency across contexts
was also observed: individuals that took longer to recover feed intake after transfer into a novel environment exhibited
higher escape attempts during a restraining test and escaped faster from hypoxia conditions. These results highlight the
possibility to predict behaviour in groups from individual personality traits.
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Introduction

In animals, individuals differ consistently in several aspects of

their behaviour [1–3]. These individual differences may reflect

distinct coping styles, behavioural syndromes, personalities or

temperament. All these concepts embrace a similar definition

which is a suite of correlated traits that are consistent across time

and context [4]. In fish, two major personality types are

recognised: proactive (active coping or bold or ‘fight-flight’) and

reactive (passive coping or shy or ‘non-aggressive’). Proactive

individuals create routines and seem to have a high level of active

avoidance, locomotor activity and low flexibility in behavioural

responses when faced with challenges, this pattern being the

opposite for reactive individuals [4–6]. In addition, proactive

individuals exhibit typical physiological and neuroendocrine

characteristics such as lower hypothalamus-pituitary-interrenal

(HPI) activity [7] and lower HPI reactivity [8] as compared to

reactive individuals. In this paper personality traits are defined as

physiological and behavioural responses to environmental changes

which manifest as correlated trait-clusters [9].

The importance of understanding individual variation in fish

has been shown to have implications in a wide range of fields

including behavioural ecology [1,3], neurosciences [10] aquacul-

ture [11–13], welfare [8,14], health and diseases susceptibility

[15,16], performance traits [8,17] and interpretations of molecular

data [10,18,19].

Fish are increasingly used as comparative models to uncover

many of the fundamental question underlying the origin and

implications of coping styles. Consequently, there is a growing

interest on studying fish personality. Thus, while the importance of

comparative studies to animal coping styles research is recognised

[20], there is a lack of basic information that underlines the

existence of personality in a particular species. Such information

includes to which extent observed individual differences are

consistent over time and predictive of other behaviours measured

in different contexts. Consistency is used to describe a behavioural

measure that is predictable across time and/or contexts. Even if

the intensity of the behaviour changes, the rank position in relation

to others, remains the same [1,21]. A recent study using selected

lines of rainbow trout (Oncorhynchus mykiss), proactive and reactive

individuals were shown to exhibit consistency over a period of 7

days in traits associated to coping styles, feeding responses,

presence of a novel object, aggressiveness and confinement [22].

Most of the studies on coping styles characterization have been
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done on selected fish lines which raises the question whether

similar consistency responses can be observed in non-selected

populations.

Another drawback of fish personality studies is the fact that the

majority of tests developed are based on individually-housed

animals [7,23–25]. Individuals may differ in the interpretation of

housing condition and consequently present distinct motivational

states [26]. In addition, sociability has been shown to be a

personality dimension, also in fish, suggesting that the effect of

isolation can differ between individuals with different personality.

Grouped-based tests may therefore have an added value when

characterizing personality traits in fish. However, personality traits

may also vary with social context [27] and phenomena such as

facilitation may influence the results [28]. To the best of our

knowledge no study has ever addressed personality traits in fish

using both individual and group based screening tests.

Here, we investigate whether individual differences in behav-

ioural responses to a variety of challenges can be used to assess

personality in fish. Several tests were developed and repeated

twice: feed intake recovery in a novel environment, novel object,

restraining, risk-taking and hypoxia. These tests focus on one

personality dimension: the exploration-avoidance [20,29 also as a

review of the other personality dimensions in fish]. Gilthead

seabream (Sparus aurata) was used as our model specie, as it is

widely used in research due to its robustness and well known

biology and behaviour. It is also ranked second as the most

important European farmed fish [30].

Materials and Methods

All experiments described were conducted in accordance with

the Guidelines of the European Union Council (86/609/EU) and

Portuguese legislation for the use of laboratory animals, and under

a "Group-1" licence from the Veterinary Medicines Directorate,

the Portuguese competent authority for the protection of animals,

Ministry of Agriculture, Rural Development and Fisheries,

Portugal. Permit number 0420/000/000-n.99-09/11/2009. At

the end of the experimental procedures, individuals used in this

study were kept under group conditions (11.2 kg m23) and optimal

water and feeding conditions as they will be used in another study

that aims at looking at consistency of personality over longer time

periods.

Experimental animals, housing and feeding
Twenty-four juveniles of Seabream, Sparus aurata, with an initial

body weight of 49.3167.25 g (means6SD) were used as

experimental animals. All animals were obtained from a seabream

producer (MARESA Mariscos de Esteros SA, Huelva, Spain) and

were kept in stock groups until the start of the experiment.

Individuals were individually PIT-tagged (TrovanH, Netherlands)

one week before the start of the experimental procedures. Water

temperature (19.862.1uC), salinity (33.862.4 %), dissolved

oxygen (98.462.8%), NO2-N (0.060.0 mg L21) and NO3-N

(0.060.0 mg L21) were checked daily. A 12L: 12D photoperiod

was maintained with day break set at 8:00 h. Fish were fed with

automatic feeders, with commercial diet (Aquagold 2 mm, Sorgal

SA, Portugal; 44% crude protein, 14% crude fat, 8% ash, 2.5%

crude fibres, 1.0% phosphorus). The same feed and photoperiod

was used during the experimental procedures.

Personality screening
Each fish was subjected to the following tests: 1) Feeding

recovery in a novel environment (adapted from Øverli et al. [23],

2) Novel object (adapted from Frost et al. [31], 3) Restraining

(adapted from Arends et al. [32], Silva et al. [7] and Martins et al.

[33] 4) Hypoxia (adapted from Laursen et al. [34] and 5) Risk-

taking (adapted from Huntingford et al. [35]. Tests 1–3 were

individually-based while tests 4 and 5 were grouped-based (see

Figure 1). Each test was repeated twice (run 1 and run 2) with an

interval between runs of 14 days. Individually-based tests were

carried out first (both run 1 and 2) followed by the grouped-based

tests. Between individual and groups-based tests, fish were kept in

groups of 12 fish. These groups were maintained during the group

testing.

Individual-based tests
Fish were housed individually in a 40 L glass aquarium (37 cm

length 640 cm width 640 cm depths) in an open water circuit

during 9 days. The water flow rate was 60 L.h21, nearly 1.5

renovations per hour. Water temperature (19.362.1uC), salinity

(33.862.4 %), dissolved oxygen (98.161.3%), NO2-N

(0.060.0 mg L21) and NO3-N (0.060.0 mg L21) were checked

daily.

Feeding recovery test. The feeding recovery test consisted of

following daily feed intake recovery in fish housed in isolation for 7

days. Fish (n = 24) were fed ad libitum, by hand, twice per day

(09:30 and 15:30) using the same diet mentioned before. The

order of feeding was randomized every meal. Five pellets were

added at the start of feeding and the number of pellets eaten by

each fish was noted and replaced by new ones as soon as they were

consumed. Feeding continued for a maximum of 1 h, after which

the remaining pellets were collected and counted. Feeding

recovery was determined as following: feeding latency (time in

seconds taken by each fish to consume the first pellet); total feeding

time (total time in seconds taken by each fish to consume all pellets

until apparent satiation); number of feeding acts (number of times

an individual approached the pellets resulting in feed consump-

tion), number of feeding days (number of days that result on feed

intake) and feed intake (% BW21).

Novel object test. The novel object test (day 8, after onset of

isolation) consisted of a LegoH brick (3 cm length 63 cm width

62.3 cm height – used during the 1st run) or a table tennis ball

filled with sand (2 cm radius – used during the 2nd run) that were

dropped suddenly in the middle of the tank. The bottom of the test

tanks were divided into three distinct zones: 5 and 10 cm radius

around the novel object and the remaining area, which were

marked with a text marker on the bottom of the tank. Fish

behaviour was video recorded (SONY, DCR-SR190E, Japan) for

posterior analyses. Cameras were placed above the tanks. The

observation period lasted 15 minutes and started immediately after

the novel object was dropped in the tank. During the 15 min

observation period the following parameters were measured:

latency to enter the 5 cm and 10 cm radius areas (time in seconds

taken by each fish to enter in each area) and the number of times

fish entered in each area. The entrance in the area was defined

when the snout of the fish was inside the area.

Restraining test. The net restraining test (day 9, after onset

of isolation, last day of individually-based tests) consisted of

holding each fish individually in an emerged net for three minutes

[7,32,33]. While in the net the following behaviours were

measured: latency to escape (time in seconds taken by each fish

to show an escape attempt; escape attempt was defined as a

elevation of the body from the net; number of escape attempts and

total time spent on escape attempts (total time in seconds taken by

each fish escaping since the first to the last escape attempts).

Blood samples were collected 30 minutes after the start of net

restraining, according to Arends et al. [32]. Therefore, fish were

quickly taken out from each tank at the same time and
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anaesthetized with 2-phenoxyethanol (1000 ppm, Sigma-Aldrich).

Blood was withdrawn within 3 min from caudal vein using

heparinised syringes and centrifuged at 20006 g for 20 minutes at

room temperature. After centrifugation plasma was frozen in

liquid nitrogen and stored at 280uC for cortisol analysis. After

blood sampling individuals were weighed and identified.

Group-based tests
Hypoxia test. The hypoxia test consisted of reducing the

oxygen levels in one side of a two-chamber tank and measuring the

escape behaviour from the hypoxia to the normoxia side. The tank

was composed of two similar circular tanks (40 L) that were

connected with a transparent plastic pipe (40 cm length 66 cm

radius). In the extremes of the connection pipe two circular

antennas were placed, (diameter 100/125 620 mm TrovanH,

Netherlands), to allow individual tracking of the fish passing

through the pipe. Each side of the tank was equipped with water

inflow, outflow and air stone supply. The connection pipe was

closed with a removable door (13 cm length613 cm width) before

the start of the test. Each group of fish (n = 12) were allowed to

settle overnight in one side (side 1) before the start of the

experiment. At the beginning of the experiment the water supply

was stopped on both sides. Aeration on side 1 was turned off and

replaced by nitrogen which leads to a gradual decrease in oxygen

concentration (Figure 2). Afterwards, the door blocking the

connection tube was removed and the circular antennas started

to register the fish movement between sides. The dissolved oxygen

in the water (DO) was measured by an Oxyguard handy probe

(Handy Delta, USA). Figure 1 shows the DO decrease over time.

During the hypoxia test, fish behaviour was video recorded

(MicroVideoTM camera MCV2120-WP-LED, Canada) for poste-

rior analyses. The following behaviours were measured: latency to

escape hypoxia (time in seconds taken by each fish to escape

hypoxia conditions); order of escape and number of returns

(number of times an individual returns to the hypoxia side after

being in the normoxia side). The hypoxia test was finalised when

half of the fish escaped from the hypoxia side or when a

concentration of 3 mg.L 21 DO was reached.

Risk-taking test. The risk-taking test was done on a 300 L

fibreglass tank (100 cm length 660 cm width 650 cm depth)

separated in two distinct areas: safe and risk areas. The areas were

divided using a solid plastic partition (2 mm thickness) with a hole

(6 cm radius), connected to a circular antenna, diameter 100/

125620 mm (TrovanH, Netherlands) that allowed the identifica-

tion of which fish passed through the hole and the time of each

passage. The connection hole was closed with a removable door

Figure 1. Schematic representation of the experimental set-up used to determine personality in Gilthead seabream Sparus aurata.
Daily feed intake recovery on isolated fish (n = 24), was recorded during 7 days. On day 8 and 9the same fish were submitted to novel object test and
net restraining test, respectively. Each test was repeated twice (run 1 and run 2) with an interval between runs of 14 days. Individually-based tests
were run first (both run 1 and 2) followed by the grouped-based tests.
doi:10.1371/journal.pone.0062037.g001
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(13 cm length 613 cm width). Each group of fish (n = 12) were

allowed to settle overnight in the safe area before the start of the

experiment. At the beginning of the experiment the door was

removed and 10 pellets (6% BW21) were released into the risk area

every 5 minutes to stimulate fish going to the risk area. Fish

behaviour was video recorded (MicroVideoTM camera

MCV2120-WP-LED, Canada) for posterior measurement of:

latency for risk-taking (time in seconds taken by each fish to enter

the risk area); order of risk-taking and number of returns (number

of times an individual returns to the safe area after being in the risk

area). The risk-taking test was finalised when half of the fish

entered in the risk area or 4.5 hour after the beginning of the

experiment.

Cortisol analyses
Plasma cortisol levels were measured with a commercially

available competitive binding Coat-A-CountH Cortisol kit (SIE-

MENS Medical Solutions Diagnostics, USA) adapted from Irwin

et al. [36]. Briefly, 50 ml of each sample to be assayed was

transferred into an Ab-Coated tube and 1 ml of 125I Cortisol

added. The tubes were then incubated for 45 min at 37uC in a

water bath. The contents of all tubes were decanted, and allowed

to drain for 5 min before being read on a gamma counter (2470

WIZARD2TM, PerkinElmer TM, Inc., Belgium) for 1 min. A

calibration curve was used to convert results from percent binding

cortisol to concentration (ng ml21). The Coat-A-Count cortisol

antiserum cross-reacts: 100% with cortisol, 11.4% with 11-

deoxycortisol, 0.98% with cortisone, 0.94% with corticosterone

and 0.02% with progesterone.

Data analysis
Statistical analyses were performed using SPSS 18.0 for

windows. The results are expressed as mean6standard deviation

(SD). Behaviours measured in each test were collapsed into first

principal component scores using Principal Components Analysis

(PCA). The correlation matrix was used to check multicollinearity,

i.e., to identify variables that did not correlate with any other

variable, or correlate very highly (r = 0.9) with one or more

variables. Kaiser–Meyer–Olkin (KMO) test for sample adequacy

was always greater than 0.5 and the Bartlett’s test of sphericity was

significant for all tests. The PC1 for run 1 and run 2 for each test

was averaged and used to investigate cross-context relationships.

Spearman correlation analyses were used after data failed to pass

the normality Kolmogorov-Smirnov test. In addition, a two-step

cluster analyses was performed using the PC1 average (from run 1

and 2) of the tests that revealed consistent responses over time

(risk-taking and net restraining). An independent-samples T test,

was used to verify differences between the generated clusters.

Statistical significance was taken at p,0.05.

Results

Individual variation
Table 1 depicts the pronounced individual variation in different

behavioural variables obtained for each test in Gilthead seabream

Sparus aurata (n = 24).

Consistency over time
The consistency over time in behavioural responses is shown in

Table 2. There was a strong positive correlation between the

behaviour in run 1 and 2 of the restraining (rs = 0.36, p = 0.01) and

risk taking (rs = 0.53, p,0.001) tests. Feeding recovery (rs = 0.28,

p = 0.06) and hypoxia (rs = 0.40, p = 0.06) showed a strong trend

(p = 0.06) towards consistency over time while the novel object test

(rs = 20.98, p = 0.66) did not result in consistent behavioural

responses.

After the restraining test, the cortisol values were

36.17632.54 ng ml21 (means6SD) and varied between 6.2 ng

ml21 and 117.33 ng ml21 in run 1 and were 40.87627.52 ng

ml21 (means6SD) and varied between 9.9 ng ml21 and 87.41 ng

ml21 in run 2. Cortisol responsiveness was not consistent over time

(p.0.05). Behavioural responses during the restraining test were

not correlated with cortisol responsiveness.

Cross-context consistency: correlations between tests
The PCA loadings of each test used to generate a principal

component score (PC1) to assess cross-context correlations are

shown in Table 3. Figure 3 depicts the relationship between the

average PC1 (run1 and run 2) for the behavioural responses

observed during feeding recovery, restraining, hypoxia and risk

taking test. Individuals that escaped faster from hypoxia, tried to

escape more in a restraining test (rs = 20.53, p = 0.01), were more

risk-takers (rs = 0.40, p = 0.05) and took longer to recover feed

intake (rs = 0.51, p = 0.01) while in isolation.

Two groups were generated with the cluster analysis (proactive,

n = 20 and; reactive, n = 4) based on restraining and risk-taking

PC1 average. Figure 4 depicts the differences between proactive

and reactive individuals showing that one of the clusters (which we

call- Proactive individuals) escaped significantly more during

Figure 2. Decrease of dissolved oxygen in the water (DO) over a period of hypoxia test. Values are the mean of two runs for all the
individuals.
doi:10.1371/journal.pone.0062037.g002
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restraining (p = 0.05) and were more risk-takers (p = 0.01) as

opposed to the other cluster (Reactive individuals).

Discussion

This study characterized for the first time fish personality

considering both the consistency of behavioural differences over

time and across contexts using a battery of individual and

grouped-based tests. Among the different tests used, the escape

behaviour during restraining and the risk taking behaviour showed

the most consistent results. In addition, a relationship across

contexts was found between hypoxia and feeding recovery, net

restraining and risk taking tests.

Considering the consistency of behavioural responses over time,

the escape response during a restraining test was shown to be the

most repeatable: individuals showing lower latency to escape,

higher number of escape attempts and spending more time

escaping in run 1 showed a similar behaviour after 14 days when

the test was repeated. Escaping behaviour during restraining or

confinement has been used to discriminate coping styles in other

animals, e.g pigs [37] and also in fish [7,23,33]. However, previous

studies performed in fish showed contradictory results. On one

hand, several studies showed that the proactive coping style is

behaviourally characterised by a high level of locomotor activity

during confinement or restraining as opposed to reactive

individuals [7,25,38]. On the other hand, higher locomotor

activity during confinement or restraining has been observed more

in reactive as opposed to proactive individuals [23,39]. It is

interesting to notice that these latter studies showing higher

locomotor activity during confinement in reactive animals used

fish selected lines. In addition, proactive individuals usually exhibit

a lower hypothalamus–pituitary–interrenal (HPI) axis reactivity. In

Table 1. Mean6SD, minimum (Min.) and maximum (Max.) values of behavioural variables obtained for each test in Gilthead
seabream Sparus aurata during all the experimental procedures (n = 24).

Run 1 Run 2

Behavioural
context

Behaviours within each
context Mean±SD Max. Min. Mean±SD Max. Min.

Feeding recovery Lat feeding (sec) 2622.356828.08 3600.00 898.71 2159.996923.78 3567.21 852.43

Total feeding time (sec) 480.496559.93 1821.86 0 825.776629.73 1996.14 0

# feeding sessions 1.5061.58 4.86 0 3.1162.53 9 0

Feed intake (% BW) 0.1660.17 0.55 0 0.2660.22 0.67 0

# feeding days 362 6 0 362 7 1

Novel object Lat 5 cm radius area (sec) 387.506370.30 900.00 19.00 489.236345.26 900.00 10.00

#5 cm radius area 8610 36 0 364 13 0

Lat 10 cm radius area (sec) 207.086282.57 900.00 19.00 298.276285.03 900.00 2.00

#10 cm radius area 13611 43 0 868 26 0

Restraining Lat escape (sec) 99.96665.98 180.00 1.00 41.96633.20 124.00 1.00

# escapes 868 24 0 1768 35 6

Total escape time (sec) 8.71610.25 38.00 0.00 15.65610.05 43.00 2.00

Hypoxia Hypoxia lat (sec) 7048.0067378.00 16200.00 0.00 4167.0064842.00 16200.00 1020.00

# returns 467 24 0 768 23 0

Hypoxia escape order 865 15 1 664 15 1

Risk taking Risk latency (sec) 9323.0066869.00 16200.00 300.00 7553.0067897.00 16200.00 0.00

# returns 162 11 0 468 29 0

Risk escape order 865 15 1 865 15 1

doi:10.1371/journal.pone.0062037.t001

Table 2. Consistency over time (run 1 and run 2) of behavioural responses in Gilthead seabream Sparus aurata obtained during
transfer into a novel environment, novel object, restraining, risk-taking and hypoxia tests (n = 24).

Consistency over
time Feeding Recovery Run2 Novel Object Run2 Restraining Run2 Risk taking Run2 Hypoxia Run2

Feeding Recovery
Run1

rs = 0.28 p = 0.06

Novel Object Run1 rs = 20.98 p = 0.66

Restraining Run1 rs = 0.36 p = 0.01

Risk taking Run1 rs = 0.53 p = 0.00

Hypoxia Run1 rs = 0.40 p = 0.06

doi:10.1371/journal.pone.0062037.t002
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the present study, no correlation between escape behaviour and

plasma cortisol was found. Several studies have documented the

lack of correlation between plasma cortisol levels obtained after

stress and behavioural responses [7,40,41]. Some authors have

suggested that cortisol and behavioural responses to stressors are

linked to two independent dimensions of stable trait characteristics

[42]. These authors suggested that the quality of the response to a

challenging condition (coping style) is independent from the

quantity of that response (stress reactivity). According to the same

authors, the physiological responses to stress such as the HPI axis

reactivity (one of the most significant differences between proactive

and reactive individuals) is more related to an emotional response

to stress than to coping styles. Eventually a decoupling of these

axis, coping styles and emotional, could bring new light to

understand the pronounced individual variation in plasma cortisol

response observed in seabream after stress.

The other test that revealed consistent behavioural responses

was the risk-taking test. Certain individuals were consistently the

first to take the risk to venture into an unknown environment

where food was present. One may wonder what the main driving

force leading fish to cross the opening into a new environment was:

1) the willingness to explore a new environment; or 2) the

motivation to eat, since food was only available in the new area.

Toms et al. [21] suggested that hunger levels may influence risk-

taking instead of proactive traits. In our study fish were fed ad

libitum prior to the transfer to the risk-taking tank which could have

minimized the differences in hunger level between proactive and

reactive. On the other hand, proactive and reactive individuals

differ in their metabolism [25,43], consequently we cannot exclude

that proactive individuals were hungrier and probably take more

risks like going into a potentially dangerous or unknown

environment, to get food.

Considering the consistency across contexts, individuals escap-

ing more during the restraining test also escaped faster from

hypoxia conditions. These results are in contrast to the findings of

Laursen et al. [34], who reported that reactive fish escaped faster

to hypoxic conditions. This suggests that reactive fish exhibit

higher levels of behavioural flexibility. However, another study

using the same selected trout lines suggested that depending on the

context, proactive individual may adopt a more flexible behaviour

[22]. One possibility to explain the differences found in the present

study using seabream as compared to Laursen et al. [34] is the

existence of species-specific differences in sub-lethal effects of

reduced levels of dissolved oxygen; around 3 mg.L21 in trout [44]

and 1 mg.L21 in seabream [45]. Therefore the propensity to

escape could be expected to be different between these species. In

Laursen et al. [34] individuals exhibit escape behaviour when

exposed to decreased oxygen levels varying from 90 to 30%

saturation. In seabream, however, individuals start escaping

hypoxia only when oxygen concentrations reach level close to

30% saturation (3 mg.L21). These differences in responsiveness

may suggest that in trout, reactive individuals known to be more

sensitive to changes in environmental conditions [6] are the first to

escape hypoxia. However in seabream, escape behaviour starts

only when oxygen concentrations reach to sub-lethal levels. In

such situation, proactive individuals known to exhibit active

attempts to counteract stressors [5] could be the first to escape

hypoxia. To which extent the onset of responses of proactive and

reactive individuals is dependent of how strong the stress is (or is

interpreted to be) close to life-threatening conditions needs to be

further investigated.

In this study, individuals exhibiting typical proactive character-

istics (higher risk taking, higher escaping behaviour) were

individuals taking longer to recover their feed intake while in

isolation. These results are in contrast with [23] and [17] who

showed a quicker recovery of feed intake in proactive as compared

to reactive fish. However, other studies [6,46], showed opposite

results, i.e. proactive individual take longer to recover feed intake.

Such inconsistency of results may be due to species-specific

behaviour and/or to previous experiences (e.g. social experiences,

nutritional background) that fish were exposed prior to the start of

the experiments. In our study, reactive individuals recover feed

intake faster and this can be due to showing some kind of

compensatory feed intake as a result of previous social environ-

Figure 3. Relationship between the average PC1 behavioural
score (from run1 and run2) during the hypoxia and feeding
recovery (A – individuals with high hypoxia scores took longer
to escape hypoxia conditions and resumed feed intake faster),
net restraining (B - individuals with high hypoxia scores took
longer to escape hypoxia conditions and escaped less during
net restraining) and risk taking (C - individuals with high
hypoxia scores took longer to escape hypoxia conditions and
longer to take risks) tests on seabream Sparus aurata juveniles
(n = 24).
doi:10.1371/journal.pone.0062037.g003
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ment. Alternatively, reactive individuals by being more flexible [6]

could have adapted faster when placed in a new environment.

In the present study the novel object test did not result in

consistent behavioural responses. In contrast, [31] screened bold

and shy individuals using their latency to come within close

proximity of a novel object. However, [27] found a lack of

consistency in exploration–avoidance traits as measured by the

novel object test in Mozambique tilapia (Oreochromis mossambicus). In

highly social species, personality traits may vary with social context

and when this happens, it is crucial to take in account the social

setting when assessing personality traits. Another possible expla-

nation, for the absence of significant results in the novel object test

could be related to differences in the size of the experimental glass

aquarium. The experimental glass aquarium used in our study was

square compared with rectangular tanks used by [31] and

consequently in our study individuals could have had more

difficulty to express exploration-avoidance behaviour towards the

novel object, once they had less space available between aquarium

walls and the object.

The present study shows for the first time a link between

individually- and grouped- based test in fish personality charac-

terization. Nearly all studies developed to study fish personality

were based on individually-based tests [7,23,31,33]. A few

examples are available using grouped-based tests [34,35]. How-

ever, to the best of our knowledge no study has used both

approaches to assess personality in fish. One of the main criticisms

with individually based tests is that they do not reflect what is

happening in a group. On one hand different personalities could

Table 3. PCA loadings of within-context behavioural variables used to generate a principal component scores (PC1) in run 1 and
run 2.

Behavioural
context Behaviours within each context

Loadings for PC1- RUN
1(component matrix)

% Variation
explained

Loadings for PC1- RUN
2(component matrix)

% Variation
explained

Feeding
recovery

Latency feeding 20.981 95.458 20.959 88.058

Total feeding time 0.978 0.948

Number feeding sessions 0.965 0.932

Feed intake 0.975 0.928

Number feeding days 0.986 0.926

Restraining Latency escape 20.835 83.041 20.773 59.431

Number escapes 0.964 0.655

Total escape time 0.929 0.870

Hypoxia Hypoxia latency 0.963 76.208 0.904 74.598

Number returns 20.666 20.751

Hypoxia escape order 0.957 0.925

Risk taking Risk latency 0.941 77.311 0.957 80.174

Number returns 20.729 20.744

Risk escape order 0.950 0.967

doi:10.1371/journal.pone.0062037.t003

Figure 4. Distinct groups (Proactive (n = 20) and Reactive (n = 4)) generated after cluster analysis, based on restraining and risk-
taking PC1 average. Different letters indicate significant differences (independent T-test): restraining (p = 0.05); risk-taking (p = 0.01)). A- Individuals
with high restraining scores escaped more during net restraining. B- Individuals with high risks scores took longer to take risks.
doi:10.1371/journal.pone.0062037.g004
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exhibit a different degree of sensitization to isolation. On the other

hand group testing may lead to individuals modulating their own

behaviour based on others behaviours (e.g. facilitation [28]). An

interesting extension of the previous study would be to repeat with

the same individuals the same test both in individual and grouped-

based contexts and compare the behavioural responses.

In summary, this study suggests that individual differences in

behavioural responses towards challenges reflect the presence of

personality in fish. Using a non-selected fish line we found

consistency over time and across-context in behavioural responses

to challenges using individual and grouped-based tests. This study

highlights the possibility to predict behaviour in groups from

individual personality traits. Therefore, these findings may

contribute to understand the pronounced individual variation in

stress responses observed in this species. Furthermore, this study

highlights the possibility to develop mass-screening methods to

assess personality in fish that are grouped-based and therefore less

time consuming as compared to individual-based tests.
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