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Studies on metabolism usually rely on measurements of oxygen consumption obtained in
respirometry chambers. Despite rigorous standardization there is still considerable inter-
individual variation in metabolic rates which is often ignored. Furthermore, housing in
respirometry chambers implies handling and exposure to a new environment, conditions
known to be a source of stress in animals. The extent of stress response is known to be
dependent on an individual’s coping style. Therefore, the extent of individual variation in
respirometry data may be related to the expression of coping styles. The goal of this study is
to determine whether the variation in oxygen consumption after a stressor is the resultant
of an individual’s coping style. Our approach was to determine oxygen consumption in
fish immediately after transfer to respiratory chambers and during the subsequent 22 h. In
addition, the same individuals were subjected to 3 respirometry runs (22 h each) to address
the question whether habituation occurs when fish are used in multiple runs and whether
habituation potential is linked to coping styles. The same individuals were then subjected
to an acute stressor and the escape behaviour and plasma cortisol were determined to
assess coping style. Taken as a whole, the findings of this study suggest that individual

variation in oxygen consumption in respirometry chambers are related to the expression
of coping styles: individuals with higher oxygen consumption at the start and throughout
the measurement period were shown to react passively (longer latency to escape) in a
confinement stress. In addition, successive respirometry runs should not be assumed to
result in habituation, as depending on an individual’s coping style either habituation (in
the case of passive copers) or sensitization (in the case of active copers) can occur.
. Introduction

In animals, including fish, individual variation in phe-
otypic traits is no longer considered as simply the result

f statistical noise but rather a reflection of important
iological processes. Coping styles (or personalities, tem-
erament, behaviour syndromes, bold/shy continuum) are
ne of such processes and are defined as a coherent set
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of behavioural and physiological stress responses which is
consistent over time and which is characteristic to a cer-
tain group of individuals (Koolhaas et al., 1999). Over the
past years, several studies have shown that individual vari-
ation in a range of behaviour and physiological traits in
fish exposed to stress reflect divergent coping styles (Øverli
et al., 2005, 2006, 2007; Frost et al., 2007; Kristiansen and
Ferno, 2007; Silva et al., 2010). These studies have gained

increasing attention as coping styles have been shown to be
key players in fish welfare (Huntingford and Adams, 2005;
Huntingford et al., 1999), health and diseases susceptibility
(Fevolden et al., 1992; MacKenzie et al., 2009), perfor-
mance traits (Martins, 2005) and more recently for the
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interpretation of molecular data (MacKenzie et al., 2009).
The approaches to study coping styles in fish have differed
between using strains of fish selected for cortisol respon-
siveness (e.g. Øverli et al., 2002) or using the whole range
of variation within a population (e.g. Silva et al., 2010).
In either case, the results suggest that active copers, as
opposed to passive copers can be behaviourally charac-
terised by (1) actively trying to escape from a stressor (Silva
et al., 2010), (2) showing higher feed motivation after trans-
fer to a new environment (Øverli et al., 2007), (3) being
more risk taking and exploratory when exposed to novelty
(Øverli et al., 2006; Frost et al., 2007; MacKenzie et al., 2009)
and (4) being more aggressive (dominant) during aggres-
sive encounters (Øverli et al., 2004). In addition, active
copers exhibit typical neuroendocrine responses such as
(1) lower hypothalamus-pituitary-interrenal (HPI) activ-
ity (Silva et al., 2010), (2) lower HPI reactivity (Øverli et
al., 2005), (3) higher sympathethic reactivity and lower
parasympathetic reactivity (measured as opercular beat
rate, e.g. Verbeek et al., 2008), and (4) higher testosterone
activity (Koolhaas et al., 1999), as compared to passive cop-
ers.

Behavioural and physiological responses underlying
coping with stress are energy demanding (Barton and
Schreck, 1987) and have been suggested to be part of an
individual’s maintenance requirement (Martins et al., 2005,
2006, 2008). In vertebrates, energy metabolism is often
measured as resting metabolic rate (i.e. lowest metabolic
level of a fasted animal) in respirometry chambers (Cruz-
Neto and Bozinovic, 2004). These chambers represent a
novel environment to which individuals are not adapted.
In addition to the new environmental conditions (e.g. area,
volume, colour of the chamber, light, surrounding sounds)
also the social environment is different as in most cases fish
originating from a group are housed alone in the chamber
to allow individual measurements. In order to minimize
variation in the data set researchers try to perform mea-
surements in controllable conditions, using individuals
with similar body weights, ignore the data collected dur-
ing the first hours of housing and perform multiple runs
to allow habituation (i.e. reduced response to repeated
stimulation not attributable to fatigue or sensory adapta-
tion (Domjan, 2003), to the chamber (Careau et al., 2008).
However, despite rigorous standardization and calibration
of the respiratory systems equipment there is still con-
siderable inter-individual variation in resting metabolic
rate which is often ignored. Mean values are used as the
only relevant information while the variation around the
mean is often ignored and assumed to be a consequence
of measurement errors. This approach, however, has been
questioned by a number of authors such as Careau et al.
(2008) who underlies the lack of scientific effort to address
individual variation in resting metabolic rates by posing
the question “how can we explain the fact that a differ-
ence as small as 10% (often less!) between the mean resting
metabolic rate of two populations, groups or treatments

can be subjected of pages of discussion while variation as
large as 200% in resting metabolic rate among individuals
does not merit mention?”

In fish, several studies have been done addressing dif-
ferences in metabolic rates between different populations
iour Science 130 (2011) 135–143

and how these differences relate to coping with environ-
mental conditions (e.g. Seppänen et al., 2008; Grabowski
et al., 2009). However, to the best of our knowledge no
study has ever addressed how far individual differences in
resting metabolic rate reflect intra-specific coping styles.
Housing in respirometry chambers implies handling and
exposure to a new environment, both conditions known to
be a source of stress in a variety of fish species (Martins
et al., 2006; Höglund et al., 2007; Ramsay et al., 2009;
Silva et al., 2010). As a consequence some individuals may
exhibit a fight or flight reaction while others a freeze-
like reaction. These responses are expected to have an
energetic cost. As suggested by Careau et al. (2008) ani-
mal personality creates a spectrum of metabolic rates that
underpins the energy spent on both behaviour and neu-
roendocrine responses associated with coping. In fish, very
little is known concerning the link between metabolism
and coping styles. Martins et al. (2005, 2006, 2008) using
residual feed intake as a proxy of maintenance requirement
showed a link between feeding motivation, aggressiveness
and cortisol response after acute stress (variables reflecting
coping styles in African catfish) and metabolism. However,
these studies did not measure metabolism directly using
respiratory chambers. Furthermore, the general assump-
tion that habituation occurs after the same individuals is
exposed to successive respiratory runs still needs to be val-
idated in fish. In addition, whether different coping styles
differ in habituation potential was never investigated in
fish. Ellenberg et al. (2009) showed, in birds, that passive
copers showed a higher habituation potential as compared
to active (more aggressive) animals.

The goal of this study is to determine whether the indi-
vidual variation in oxygen consumption after a stressor is
the resultant of an individual’s coping style. Our approach
was to determine oxygen consumption in fish immediately
after transfer to the respiratory chambers and during the
subsequent 22 h. In addition, the same individuals were
subjected to 3 respirometry runs to address the question
whether habituation occurs when fish are used in mul-
tiple runs and whether habituation potential is linked to
coping styles. The same individuals were then subjected
to an acute stressor and the plasma cortisol and escape
behaviour determined to assess coping style.

Senegalese sole Solea senegalensis was used as our
experimental model. This species is known to exhibit cop-
ing styles (Silva et al., 2010) and to stand motionless for long
periods of time minimizing the contribution of swimming
activity to the measured oxygen consumption values.

2. Methods

2.1. Fish, feeding and housing conditions

Twelve Senegalese sole (S. senegalensis) juveniles with
an average start body weight of 18.5 ± 2.9 g were used.
Fish were obtained from natural spawning of wild brood-

stock and reared according to standard larval and juvenile
rearing protocols (Dinis et al., 1999). Fish were kept at
the Ramalhete facility at the CCMAR/University of Algarve
(Faro, Portugal) in two 12.6 L flat-bottomed fibreglass tanks
(70 cm length × 30 cm width × 6 cm depth) in a semi-closed
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eawater recirculation system equipped with a biofilter
nd UV filter, at a constant flow rate in the tanks of 109 L/h
eight renovations per hour). The water renewal in the
ecirculation system was 19.5% per day. Water quality was
aintained within the optimal range for the species and
as monitored daily.

A 12L:12D photoperiod was maintained with day break
et at 0600 h; light intensity was kept at 12 lux. Fish were
ed ad libitum, once a day (at 0930) with commercial
iet (Aquagold 2 mm, Sorgal SA, Ovar, Portugal; 44% crude
rotein, 14% crude fat, 8% ash, 2.5% crude fibres, 1.0% phos-
horus).

Fish were individually tagged with colour codes.
efore tagging, fish were randomly transferred to a 10 L
ucket, filled with 5 L of seawater and anaesthetic, 2-
henoxyethanol (Sigma–Aldrich, Germany; 1:150, v/v).
hree different colours of water based paint (Acualux
ITAN “al agua” colores satinados, Industrias TITAN, S.A.,
pain) were used for colour marks. The colours were
njected in the sole blind side in the opposite area
o the abdomen and parallel to muscle direction. The
aint was injected using sterile syringes (ONCE 1 ml)
nd non-pyrogenic needles (Terumo Neolus 25G × 5/8′′;
.5 mm × 16 mm, Terumo Europe N.V., Belgium).

.2. Experimental procedures

.2.1. Respirometry
Oxygen consumption was determined by flow through

espirometry on days 85, 106 and 113 after fish arrival to
he Ramalhete facilities. These measurements were done to
etermine whether habituation (decrease in oxygen con-
umption between runs) occurs in all individuals. Before
ransfer to the respiratory chambers fish were left unfed
or 24 h. Measurements started immediately after transfer
nd continued for 22 h. The body weight of each individual
as determined immediately after the metabolic measure-

ents.
The flow-through respirometry system consisted in

ndividual metabolic chambers (2.3 L; 19.0 cm diameter
nd 8 cm depth). Each fish was placed individually in a
hamber. Each chamber had a water inlet and a water

ig. 1. Variation in oxygen consumption over a period of 22 h in 12 juveniles o
onsumption that was used to obtain resting metabolic rate.
iour Science 130 (2011) 135–143 137

outlet. Water inlet was always at oxygen saturation level
and oxygen concentration at outlet was measured by a
poligraphic microelectrode (model 8-730, Microelectrodes
Inc., USA) connected to a PC using the Oxilogger 2009 soft-
ware (João Reis, CCMAR, Faro, Portugal). The saturation
level of oxygen was maintained in the water reservoir and a
peristaltic pump (ISMATEC, model ISM920A, Switzerland),
controlled the water flow of each chamber. At the begin-
ning of each cycle the oxygen dissolved in water was
measured during a 30 s period in order to calibrate the soft-
ware. This calibration was followed by a 120 s washing step
of seawater from the next chamber before the start of the
next measurement period (30 s). This step was always done
before and after the measurement of each chamber. The
data was collected through a dynamic mean of 6 measure-
ments (5 s each) during a total period of 30 s. The water
temperature was always measured in the outlet water of
each chamber by a temperature probe.

The following parameters were determined using the
oxygen consumption data (in �mol O2/g body weight/h)
(based on Careau et al. (2008): (1) oxygen consumption
during the first 10 min (from now on first 10 min MR),
corresponding to the average oxygen consumption per
individual during the first 10 min immediately after the
fish entered the respiratory chamber, (2) maximum oxy-
gen consumption (max MR), corresponding to the highest
value of oxygen consumption, per individual, during the
22 h measurement period, (3) lowest oxygen consumption
(min MR), corresponding to the lowest value of oxygen
consumption, per individual, during the 22 h measurement
period, (4) the difference between the max and min oxygen
consumption (span MR), (5) the average of all measure-
ments of oxygen consumption (average MR), per individual,
during the 22 h measurement period, (6) the average of
the period of the lowest oxygen consumption measure-
ment (resting metabolic rate, RMR) and (7) the coefficient
of variation of all measurements of oxygen consumption

(CV MR), per individual, during the 22 h measurement
period.

The lowest oxygen consumption in run 1 took place
between 1530 and 1800 h (3.5–6 h after transfer to
respirometry chambers, Fig. 1). Oxygen consumption

f Solea senegalensis. Shadow area indicates the period of lowest oxygen
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(D), ave
orizont
Fig. 2. Box plots of min MR (A), max MR (B), span MR, (C), first 10 min MR
The box includes observations from the 25th to the 75th percentile, the h
represent the 10th and the 90th percentiles.

obtained during this period was used as indicative of rest-
ing metabolic rate (in �mol O2/g body weight/h).

2.2.2. Coping styles
After the 3 respiratory runs, fish were kept under stan-
dardized conditions until day 163 when an acute stress
was induced by holding each fish individually in a net out-
side the water for 3 min (Silva et al., 2010). Plasma samples
were collected 1 h after the start of the stress test for latter
determination of cortisol via radioimmunoassay. While in
rage MR (E) and RMR (F) for the 3 respirometry runs (n = 12 in each run).
al line within the box represents the median value. Lines outside the box

the net, fish behaviour was also assessed by direct obser-
vation. Two parameters were determined: (1) the total
number of escape attempts, i.e. number of body moments
that resulted in an elevation of the body from the net and
(2) the latency for the first escape attempt, i.e. the time (in

s) taken by each fish to show an escape attempt. One indi-
vidual did not show escape behaviour resulting in n = 11 for
the behavioural data.

Blood sampling was performed in anaesthetized fish
(2-phenoxyethanol, 1:500, v/v). Blood was withdrawn
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Fig. 3. Relationship between plasma cortisol and escape behaviours
(latency and number) when juveniles of Senegalse sole are exposed to
C.I.M. Martins et al. / Applied Anim

rom the caudal vein using heparinised syringes (1 ml)
nd non-pyrogenic needles (Terumo Neolus 25G × 5/8′′;
.5 mm × 16 mm). A heparin solution (1000 U/ml; grade
-A: from porcine intestinal mucosa; Sigma–Aldrich,
ermany) was prepared in NaCl 0.9% and used as antico-
gulant in the syringes and needles. The blood collection
asted less than 3 min to avoid a cortisol increase due
o handling. After sampling, blood was centrifuged in a
ERMLE centrifuge (Z 233 M-2) with HERMLE rotor (220.87
O 5/6) at 1500 g during 8 min at room temperature.
lasma was removed with micropipettes and stored in
icro-tubes at −80 ◦C until further analysis. In six samples,

he resulting plasma from centrifugation was coagulated
nd was not considered for analysis, resulting in n = 6 for
lasma samples.

.3. Cortisol analysis

Plasma cortisol levels were measured with a com-
ercially available competitive binding Coat-A-Count®

ortisol kit (SIEMENS Medical Solutions Diagnostics, Los
ngeles, CA, USA) as described by Irwin et al. (1999). Briefly,
0 �l of each sample to be assayed was transferred into an
b-Coated tube and 1 ml of 125I Cortisol added. The tubes
ere then incubated for 45 min at 37 ◦C in a water bath.

he contents of all tubes were decanted, and allowed to
rain for 5 min before being read on a gamma counter (2470
IZARD2TM, PerkinElmerTM, Inc., Zaventem, Belgium) for

min. A calibration curve was constructed on logit-log
raph paper and used to convert results from percent bind-
ng cortisol to concentration (ng ml−1). The Coat-A-Count
ortisol antiserum cross-reacts 100% with cortisol, 11.4%
ith 11-deoxycortisol, 0.98% with cortisone, 0.94% with

orticosterone and 0.02% with progesterone.

.4. Statistics

Statistical analyses were performed using SPSS 16.0
or windows. Relationships between variables were inves-
igated using Pearson correlation after the normality of
ata was verified (number of escape attempts and cortisol
ere log transformed). A new variable was created, delta

rst 10 min MR, corresponding to the changes (increase or
ecrease) in oxygen consumption between successive runs.
ossible differences between max MR, min MR, span MR,
rst 10 min MR, average MR and RMR over the successive
espirometry runs were tested using repeated measures
esign. Mauchly’s test was used to assess the assumption
f sphericity and the Bonferroni test for making pairwise
omparisons (based on Field, 2000). The comparison Sta-
istical significance was taken at P < 0.05.

. Results

.1. Individual variation in oxygen consumption
Fig. 2 depicts the pronounced individual variation in
ifferent oxygen consumption parameters obtained after
ransfer to respirometry chambers. Despite there is an
verall increase of the median for all the oxygen con-
umption parameters considered, there was no statistical
an acute confinement stress (note that in (A), 2 data set (x, y: 67.1 and 2.2)
are repeated twice, resulting in a visual observation of 9 points; total n is
11).

difference between the mean of min MR, max MR, first
10 min MR, average MR and RMR between successive
respirometry runs. Only span MR showed a significant
difference (F2,22 = 6.024, P = 0.008) with run 3 showing a
significant higher value than run 1 (P = 0.009).

3.2. Stress test: linking cortisol and escape behaviour

The two behavioural parameters measured during
the stress test were significantly correlated (P = 0.047,
rp = −0.61, Fig. 3): individuals taking longer to escape
(higher latency to escape) were also the ones that exhibited
the lower number of escape attempts, suggesting a passive
response towards the acute confinement stress. The cor-

tisol levels obtained after the stress test were negatively
correlated with the number of escape attempts (P = 0.044,
rp = −0.82) indicating that high cortisol responders try to
escape less often than low cortisol responders.
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e first 10
Fig. 4. Relationship between delta first 10 min MR (O2 consumption in th
cortisol obtained after an acute confinement stress test.

3.3. Multiple runs in respirometry trials: habituation or
increased stress?

Fig. 4 depicts the relationship between the variable delta
first 10 min MR (between runs 1 and 3) and the behaviour
and cortisol response during and after the stress test,
respectively. Some individuals show positive deltas while
others negative deltas suggesting that in some individuals
the oxygen consumption decreases between runs while in
other it increases, respectively.

There was no significant correlation between the
behaviour and cortisol parameters and the change in oxy-
gen consumption between runs 1 and 2 or between runs
2 and 3. However, there was a significant correlation
between change in oxygen consumption between trials 1
and 3 and the cortisol response. This shows that individuals
that increase their oxygen consumption between respira-
tory runs (resulting in negative deltas) exhibit a low cortisol
response when subjected to an acute confinement stress.

3.4. Is individual variation in oxygen consumption linked

with coping styles?

Only the oxygen consumption measurements obtained
in the first respirometry run were used to correlate with the
behaviour and stress response. This decision was based on

Table 1
Correlation between plasma cortisol and escape behaviour after an acute confinem
NS means not significant.

First 10 min MR Max MR S

Cortisol (ng ml−1) NS NS N
Latency to escape (sec) P = 0.015 P = 0.032 N

rp = 0.706 rp = 0.644
# Escape attempts NS NS N
min of run 1 – O2 consumption in the first 10 min of run 3) and plasma

the fact that successive runs have different consequences
in terms of oxygen consumption for different individual
(some habituate while others do not – see Section 3.3).

Table 1 summarizes the relationships between the
metabolic variables and the behavioural and cortisol
response obtained after the acute stress. Cortisol was
not significantly correlated with any of the metabolic
variables. However, latency to escape was significantly cor-
related with first 10 min MR (P = 0.032; rp = 0.706), max MR
(P = 0.032, rp = 0.644), average MR (P = 0.026, rp = 0.663) and
RMR (P = 0.024, rp = 0.669), suggesting that the longer an
individual takes to exhibit an escape attempt the higher
the oxygen consumption is during the first 10 min in
the respirometry chamber, when considering the oxygen
consumption during the 22 h measurement period and
when considering the period corresponding to the rest-
ing metabolic rate. The number of escape attempts was
negatively correlated with the coefficient of variation of
all oxygen consumption measurements, suggesting that
individuals who tried to escape more often showed less
variation during the measurement period.
4. Discussion

This study shows that when individuals are trans-
ferred to respirometry chambers they exhibit a pronounced

ent stress and metabolic rate parameters (all expressed in �mol O2/g/h).

pan MR Average MR RMR CV MR

S NS NS NS
S P = 0.026 P = 0.024 P = 0.051

rp = 0.663 rp = 0.669 rp = 0.600
S NS NS P = 0.043

rp = −0.618
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ndividual variation in a variety of oxygen consumption
easurements that are often ignored in metabolic studies.

urthermore, the same individuals also exhibit a pro-
ounced individual variation in behaviour and cortisol
esponse when subjected to an acute confinement stress
sed to predict coping styles in fish (Øverli et al., 2007;
ilva et al., 2010). Despite the limited sample size for
ortisol data, the values obtained as well as the relation-
hip with the escape behaviour during the confinement
tress is in agreement with a previous study done in Sene-
alese sole (Silva et al., 2010). In the present study, we
howed for the first time that the variation in oxygen
onsumption after transfer to respirometry chambers and
ehavioural/cortisol response after confinement stress are
elated, and that the variation observed in oxygen con-
umption can be suggested as a predictor of coping styles
n fish. Individuals that consume less oxygen after transfer
nto a respirometry chamber and during the 22 h measure-

ent period were also the individuals that reacted sooner
o a confinement stress (typical from active copers).

But how can oxygen consumption in respiratory cham-
er predict divergent coping strategies? Careau et al. (2008)
uggested that transfer to respirometry chamber can be
een as transfer to a novel environment and that differences
n oxygen consumption may reflect different exploratory-
ctivity levels. In this case active copers are expected to
tart exploring the novel environment faster but for shorter
eriods as compared to passive (or reactive) copers. Such
ehavioural response of fast-explorers would be reflected

n higher MR at the start of a run and lower RMR while slow-
xplores would be expected to sustain a moderate MR and
ess variable MR throughout the run (Careau et al., 2008). In
he present study, we found that individuals that react as
ctive copers when subjected to a confinement stress (by
howing lower latency to escape) are the individuals that
how the lowest RMR. However, these individuals were
lso the ones showing the lowest oxygen consumption
uring the first 10 min after transfer to the respirometry
hambers and the individuals with the lowest coefficient
f variation in MR. Therefore, in our study, oxygen con-
umption in respirometry chambers seem not to be related
o exploratory behaviour as this would have implied a
igher oxygen consumption (probably linked with swim-
ing activity) at the start of the run in active copers. Two

ossible explanations for the lack of increased MR in active
opers after transfer to the respiratory chamber can be sug-
ested. Firstly, exploratory behaviour in Senegalese sole
ay not be relevant as a personality trait (similar sugges-

ion has been raised in other species e.g. Minderman et al.,
009). Senegalese sole can be considered as a calm species
s opposed to other species that exhibit hyper-activity
hen transferred to respiratory chambers. Although we
id not measure activity level in the respirometry cham-
er, we observed that all individuals remained quite in the
ottom of the respirometry chambers. Secondly, transfer
o respirometry chamber implies netting the fish out of

heir home tank (and social environment) into a new (and
ocially isolated) environment. Netting has been shown
o induce a significant stress response in Senegalese sole
Silva et al., 2010) and different type of stressors have been
hown to impair exploratory activity in non-fish species
iour Science 130 (2011) 135–143 141

(Garcia-Marquez and Armario, 1987; D’Aquila et al., 2000).
Therefore, one may argue that the oxygen consumption
measurements obtained immediately after transfer to the
respirometry chamber may be an indicative more of a stress
response rather than of exploratory behaviour. In this case,
active copers by showing lower oxygen consumption dur-
ing the first 10 min after transfer as well as during the
22 h measurement period suggest a quicker recovery from
transfer than passive copers. This is supported by other
studies that showed a quicker recovery of active copers
(measured by increased appetite) after transfer into a new
environment (Höglund et al., 2007; Øverli et al., 2007).

Respiratory responses have been used as a physio-
logical measure of emotional arousal in humans (Boiten
et al., 1994) and more recently in animals (Reefmann
et al., 2009). Appraisal refers to how an individual evalu-
ates/perceives/interprets a stimulus. When our fish were
transferred to the respirometry chambers it is likely
that the way the new environment was interpreted dif-
fered among individuals. Different factors can influence
appraisal such as prior experiences, age, gender, and cop-
ing styles (Lazarus, 1991). From the results of this study
we can suggest that passive copers exhibit a higher arousal
when exposed to a new physical and social environment.
Whether such arousal reflects an (negative) emotional
valence needs to be further investigated. Although the link
between coping styles, appraisal and emotions was never
investigated in fish, studies on other species suggest that
passive (or reactive) individuals are more prone to negative
emotions such as fear and exhibit attention bias towards
negative stimuli, as opposed to active individuals (Richards
et al., 1992; Derryberry and Reed, 1994; Amin et al., 2004;
Cockrem, 2007). Further research is needed to shed light on
whether the same principles that link personality, appraisal
and coping in higher vertebrates also apply in fish.

RMR is used in metabolism studies assuming that it
represents the oxygen consumption necessary for mini-
mal activity and maintenance requirements (Careau et al.,
2008). RMR is obtained after a few hours individuals have
been transfer to the metabolic chamber and it is often
assumed that a stress response is no longer influencing the
oxygen consumption measurements. The results from this
study show that coping style is playing an important role in
explaining differences in RMR and that the interpretation
of results should take the individual’s coping style in con-
sideration. Recently, the incorporation of an individual’s
coping style for the interpretation of data that typically only
considers average values revealed a significant influence
of coping styles on the interpretation of data (MacKenzie
et al., 2009).

The results of this study also show that the approach
used in metabolic studies to subject the same individ-
uals to successive respirometry runs to allow them to
adapt is not valid for all individuals. Individuals that
showed a higher cortisol response after a confinement
stress (typical from passive individuals) were also the indi-

viduals that exhibited a decrease in oxygen consumption
from runs 1 to 3 suggesting that habituation took place.
However, for the majority of the individuals the oxygen
consumption increased from runs 1 to 3 (suggesting an
increased sensitization to the respirometry housing rather
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than habituation). The increase was higher in individuals
with lower cortisol response after the confinement stress
(typical from active individuals). Such result should be
interpret with caution due to the limited sample size, how-
ever, this observation is in agreement with other studies
in higher vertebrates showing that passive copers habit-
uate faster than active copers (e.g. Ellenberg et al., 2009).
Several authors have suggested that passive copers tend
to be more observant and more prone to change on the
basis of experience, whereas active copers are more likely
to adopt routines (Koolhaas et al., 1999; Bolhuis et al.,
2004; Groothuis and Carere, 2005; Quinn and Cresswell,
2005). These differences seem to be part of a higher
behavioural plasticity of passive copers as compared to
active copers. It should be noted, however, that this plas-
ticity seems to be context dependent. Frost et al. (2007) for
instance, showed that bold fish appear to be more flexible
in changing their behaviour when observing other individ-
uals with opposing personality traits, as compared to shy
individuals.

In conclusion, this study shows that individuals of
Senegalese sole exhibit pronounced individual variation in
oxygen consumption while in respirometry chambers and
that this variation seems to be predictive of coping styles.
Furthermore, coping styles appear to influence whether an
individual habituates or becomes more sensitized to suc-
cessive respirometry runs and therefore should be taken
into account in metabolic studies.
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