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Stress coping styles (SCSs) are defined as coherent sets of individual physiological
and behavioral differences in stress response consistent across time and context
and are described in a wide range of taxa, including fishes. These differences in
behavior and physiology are of great interest because they may have direct
implications on animal health, welfare, and performance in farming systems,
including aquaculture. In this study, the physiological responses of sea bream
(Sparus aurata) from different SCSs following Vibrio anguillarum vaccination were
monitored. Fish were first screened either bold or shy (proxy of proactive and
reactive SCSs, respectively) using group risk-taking tests and were then injected
with a vaccine against V. anguillarum. Following vaccination, the fish were
implanted with an accelerometer tag to monitor their swimming activity (proxy
of energy expenditure), and blood sampling was carried out to measure health and
welfare parameters (e.g., cortisol, glucose, hemoglobin) and aspecific immunity
(e.g., protease, total proteins). In addition, blood was also collected at three
different sampling times to screen antibody levels and, thus, to evaluate the
efficiency of the vaccine. Following vaccination, bold fish displayed lower
swimming activity values, indicative of lower energy expenditure, and also
displayed higher levels of hematocrit, total proteins, and lysozyme in the plasma
than the shy ones, which could be indicative of better health/welfare status and
greater aspecific immunity. Finally, the V. anguillarum vaccination appeared to be
more efficient in bold fish since the number of total antibodies was found higher
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than in shy fish 1 month after vaccination. Such results could help improve both
health/welfare and productivity of farmed sea breams by selecting more robust
fish, better adapted to farming conditions.
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Introduction

Stress coping style (SCS) has been defined as “a coherent set
of individual physiological and behavioral differences in stress
responses consistent across time and context” (Koolhaas et al.,
1999). SCSs have been described in various animal species,
including fishes, as a continuum between two extreme
phenotypes, called proactive and reactive (Overli et al., 2007;
Castanheira et al., 2017). In terms of behavior, proactive fish are
overall bolder and more aggressive, explore their environment
faster, and display less flexible behavior than reactive fish
(Castanheira et al., 2017; Geffroy et al., 2020). Moreover, the
correlations between these behavioral responses across time and
context are now established in several fish species, as well as
between behavior and physiology (Castanheira et al., 2017),
generally used for defining SCS.

Differences in behavioral and physiological responses to stress
may have direct implications on the growth, reproduction, and
fitness of animals, including in the context of aquaculture (Réale
et al,, 2010; Castanheira et al., 2017; Geffroy et al., 2020). On one
hand, SCS may help to improve the welfare and management of the
fish, by adapting housing conditions to fish with different SCSs
(Castanheira et al., 2017). On the other hand, proactive fish
sometimes showed better feeding motivation and feed efficiency
than reactive ones (Castanheira et al, 2017), suggesting that
selecting for proactivity could help to improve production. In
addition, some recent studies have also pointed out that
immunity features are different between the two SCSs, suggesting
that proactive individuals have better immune response than
reactive ones (Kittilsen et al, 2012; Vargas et al, 2018; Balasch
et al,, 2019; Sadoul et al,, 2022). Altogether, a better understanding
of SCS features could be very interesting for the aquaculture sector,
but more work is needed including in the major farmed species,
such as gilthead sea bream (Sparus aurata), an important species of
the European aquaculture (FAO, 2020).

In this study, the physiological responses of sea bream with
different SCSs following Vibrio anguillarum vaccination were
monitored. Fish were first screened either as bold or shy (proxy
of proactive and reactive SCSs, respectively) and were then
vaccinated with a vaccine against V. anguillarum, which is one of
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the most important bacterial diseases affecting marine species
(Austin and Austin, 2013; Zrncic, 2020). Following vaccination,
the fish were implanted with an accelerometer tag to monitor their
swimming activity, indicative of energy expenditure (Alfonso et al,
2021), and blood samples were carried out at different sampling
times to measure health and welfare parameters and aspecific
immunity. In addition, antibody screening was carried out to
evaluate vaccine efficiency.

Materials and methods

All experiments were performed in accordance with EU
recommendations (Directive 2010/63/EU) and the Italian national
legislation (D. Igs. 26/2014) on fish welfare, with the authorization
of the Italian Health Ministry (number code 665/2016-PR).

Fish rearing

A total of 159 fish (total length: 30.96 + 0.92 cm; mass:
423.75 + 46.16 g) have been randomly selected from a group of
about 500 sea bream specimens (tagged under the skin with
RFID transponders, Trovan Dorset Identification BV, Aalten,
The Netherlands) reared in a 16-m? fiberglass tank and divided
into three different 1.2-m? fiberglass tanks (see Carbonara et al.,
2019). The average stocking density in the tanks was around ~19
kg/m”® (tank 1: 18.5 kg/m”’, tank 2: 19.1 kg/m’, tank 3: 18.6 kg/
m?). Fish were kept undisturbed for 2 weeks before running the
SCS screening (see below). Over the trial duration, the fish were
reared with a constant photoperiod of 12:12 h (dark/light) in salt
water (35%o) at a constant temperature of 18°C. The
experimental conditions were maintained for the entire
duration of the experiment. The fish were fed once a day, with
1% of their total body weight with commercial pellets Marine 3P
(Skretting, Vignetto, Italy) using automatic feeders. The level of
dissolved oxygen in the tanks was monitored continuously and
remotely through an automatic system scheduled to maintain
the concentration on levels above the threshold of 5.0 + 1.0 ppm
with the release of pure oxygen.
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SCS screening, implantation of the
accelerometer tag, and analysis

The fish were subjected to group risk-taking tests (RT) to screen
bold and shy individuals following a similar method described in
Carbonara et al. (2019). The RT has been chosen because it
appeared to be the most sensitive and stable over the time test, to
screen SCS in sea bream (Castanheira et al., 2013; Alfonso et al.,
2020b), mostly in comparison to other screening tests, such as the
hypoxia test (Ferrari et al., 2015; Alfonso et al., 2020b). Briefly, the
tests were conducted two times with 1-week interval in the rearing
tanks to minimize handling stress; the rearing tank was divided into
two equal areas (safe and risky area) by a panel with a hole in the
middle (30 cm in diameter). After acclimation overnight in the safe
area, the hole was opened at 10 a.m. the next day, allowing fish to
pass freely from the safe zone to the unknown risky zone. An
antenna (Dorset, Netherlands Dorset Identification BV, Aalten,
The Netherlands) connected to a computer was placed around the
hole to detect the RFID tag of the fish, and every time the fish passed
through the hole, the fish ID was recorded. Data were stored for
each fish about the time elapsed until the first passage and the
number of passages through the hole. The risk-taking test was
ended when half of the fish exited the safe area or 4.5 h after the
beginning of the experiment (Castanheira et al., 2013). A score of 1
was assigned to the first half of the fish that passed into the risky area
at the end of the experiment. Another score of 1 was assigned to the
fish with a number of passages throughout the hole greater than the
67th percentile of the tank population (Carbonara et al., 2019). In
the other cases, a score of 0 was assigned to the fish. Scores for each
fish were summed between the two tests. Fish with scores >3 were
considered as bold and fish with scores <1 were considered as shy
(Carbonara et al., 2019).

Following the risk-taking tests, the accelerometer tags
VEMCO V9AP (AMIRIX Systems Inc., Nova Scotia, Canada;
length: 43 mm; weight: 6.1 g in air and 3.3 g in water) were
surgically implanted into the body cavity of n = 18 fish (n = 3 bold
and 3 shy randomly selected from each tank; i.e,, n = 9 for each
personality type) following the method described in Alfonso et al.
(2020a). Briefly, the fish were fasted 24 h before the surgery and
then anesthetized using a 30-mg/L hydroalcoholic clove oil
solution (Erbofarmosan, Bari, Italy). The tag was implanted in
the body cavity of the sea bream through an ~1.5-cm incision and
then carefully sutured. The gills were continuously irrigated with
the anesthetic solution (30 mg/L) during the whole surgical
procedure. After surgery, an antibiotic injection (sodic
ampicillin—cloxacillin; 1 mg/kg) was carried out and fish were
kept undisturbed in the recovery tank until the beginning of the
trial (f,). In the days following the surgical procedure, feeding and
behavior of fish have been monitored to ensure that all fish
recovered well from the procedure. Typically, all fish started
again to eat 1-2 days following the surgery and displayed
normal swimming behavior, ensuring that all tagged fish

Frontiers in Animal Science

03

10.3389/fanim.2022.951179

recovered well and that they can be included in the next steps
of the experiment. The tag became active 7 days after the
implantation, ensuring data recording with fish that recovered
from surgery (Alfonso et al,, 2021).

The accelerometer tags were programmed to record, the
acceleration over two axes (X and Z), removing the backward/
forward acceleration (Y-axis) with a sampling rate of 10 Hz (10
measurements per second). The tag returned 8-bit values that
represent the root mean square (RMS) acceleration, here named
as “swimming activity.” These values ranged from 0 to 255 arbitrary
units (AUs) and can be converted into acceleration (m/s?) using the
equation from the manufacturer [acceleration (m/s?) = 0.01955(x),
where x is the value returned by the tag], resulting from the
contribution of the axes. The swimming activity (AU) has been
monitored for 42 days. The tag IDs and coded acceleration values
were stored in the memory of the submergible acoustic receivers
VEMCO VR2W (AMIRIX Systems Inc., Nova Scotia, Canada)
located at the bottom of each tank. At the end of the trial, the data
were extracted from the acoustic receiver using the VUE software
(AMIRIX Systems Inc.) until further processing.

One week after the risk-taking test (t,), the experiment began
by taking the morphometric measurements [total length (mm)
and mass (g)] of all the animals involved in the trial under
similar anesthesia condition using 30 mg/L of clove oil, as well as
a blood sampling (see details in section “Blood sampling and
analysis of blood physiological indicators”). The timeline of the
experimental protocol is provided in Figure 1.

Inoculation of the vaccine

At the beginning of the experiment (t,), all the 159 fish
involved in the trial were inoculated with 0.2 ml of a formalin-
killed vaccine against vibriosis caused by V. anguillarum under
similar anesthesia conditions described above (Figure 1). The
vaccine was produced by Istituto Zooprofilattico Sperimentale
delle Venezie (IZSVe) starting with a pure colony of the V.
anguillarum reference strain LMG 10861, incubated at 25°C + 2°C
for 48 h in Tryptone Soya Broth (TSB) with 2% of NaCl and then
killed by a 4%o formalin final concentration (Manfrin et al., 2009;
EMA/CVMP/IWP/314550/2010 2011; Nguyen et al., 2017; EMA/
CMDv/452656/2016 REC-002-01 2017). The sterility of the vaccine
was tested by specific growth media (AS, SDA, and RBCA)
incubated for 10 days at 25°C and 37°C. After two washes, the
final concentration was 10’ colony-forming units (CFU)/ml, so
each sea bream was injected with 10° CFU/fish.

Blood sampling and analysis of blood
physiological indicators

Blood sampling was carried out at the three sampling times

to, t1, and t, (t, = before vaccination, t; = 1 month after
vaccination, and #, = 2 months after vaccination) (Figure 1)
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Timeline of the experimental protocol performed. SCS, stress coping style.
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following a similar protocol described in Carbonara et al. (2019).
Briefly, after ~2-3 min in anesthetic (clove oil, 30 mg/L), blood
was sampled from the first branchial arch of the fish using a
heparinized syringe in 18 fish (3 bold and 3 shy randomly
selected from each tank; i.e., n = 9 for each personality type). Fish
were randomly selected at t,, and the selected fish were kept for
sampling at t; and #, using RFID identification. The levels of the
following blood parameters were determined: hemoglobin (Hb),
erythrocyte count (RBCC), hematocrit (Hct), glucose, lactate,
cortisol, adrenaline, and noradrenaline according to Carbonara
et al. (2019). In addition, four parameters of aspecific immunity
were used to describe the activation of the non-specific
immunological response: protease, serum peroxidase, total
proteins, and lysozyme. Protease activity was quantified using
the azocasein hydrolysis assay according to the method of Ross
etal. (2000). Serum peroxidase activity was measured according
to Quade and Roth (1997), while the total protein amount was
determined using Folin phenol reagent according to Lowry et al.
(1951). Lysozyme concentration was measured using
turbidimetric assay modified for the microplate reader
(Carbonara et al., 2010).

Antibody screening

In total, the blood of the 18 fish sampled (n = 3 bold and n =
3 shy per tank; i.e., n = 9 for each personality type) was also used
for antibody screening (see Figure 1). The blood was stored
at —20°C and then tested all together to check the specific
immune response to V. anguillarum by 1ZSVe enzyme-linked
immunosorbent assay (ELISA). The protocol was performed
according to Scapigliati et al. (2010) and adjusted on sea bream
for this trial to research antibodies against V. anguillarum.

Initially, 100 ul of the inactivated V. anguillarum 01 reference
strain LMG 10861 at 3 x 10’ CFU/ml prepared with 0.1 M of
carbonate-bicarbonate buffer pH 9.4 was employed to coat 96-
multiwell plates (MaxiSorpTM, Thermo Fisher Scientific Rodano,
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Italy) overnight at 4°C. The wells were then washed three times
with PBS solution containing 0.05% Tween. After blocking the
remaining sites with 100 ul of bovine serum albumin (BSA 3% in
PBS) and incubating for 30 min at 37°C, the plates were washed
three times with PBS solution + 0.05% Tween. Then, 100 pl of fish
sera diluted 1:100 in 0.01% PBS were added, incubated for 60 min
at 22°C, and washed three times with PBS solution + 0.05%
Tween. After washing, 100 ul of a secondary MAb anti-sea bream
IgM (Aquatic Diagnostic Ltd, Oban, Scotland) was added, which
was diluted in PBS 1:100 and 1:250 and incubated for 60 min at
22°C. Afterward, 100 pl of fluorescein-conjugated MAb against
mouse IgG (Sigma-Aldrich, Saint Louis, USA) was added, which
was diluted 1:2,000 and incubated for 60 min at 22°C. Finally, after
PBS washing, 100 pl of chromogenic detector
[tetramethylbenzidine (TMB), Thermo Fisher Scientific] and
100 pl of stop solution (sulfuric acid—2N) were added. The
ELISA optical densities (O.D. values) were detected by a 450-
nm spectrophotometer reader. The A of antibody presence during
the screening (numerical difference between the two sampling
dates) of Aty - t; and At; - t, was analyzed.

Statistical analysis

Statistical analyses were performed using the R software
version 4.0.4 (R Development Core Team 2021) and carried out
at the 95% level of significance. Swimming activity recorded by
the tag was analyzed as a function of SCS (bold or shy) and the
days of the experiments using a linear regression model. The
swimming activity values over the whole experiment duration
were compared between bold and shy fish using the generalized
linear mixed-eftects models (GLMM) with SCS as the fixed effect
and tank and fish ID as the random effects using the Ime4
package (Bates et al., 2014). Since acceleration is strictly positive
and continuous, GLMM with the Gamma distribution family
and identity as a link function was used. Visual inspection of the
residuals revealed no violation of the statistical assumptions by
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the model. For all the physiological parameters monitored, a
two-factor ANOVA was carried out using SCS and sampling
points (fo, t;, and t,) as factors. Concerning vaccine efficiency,
for each sampling time variation (fy—t, or t;-t,), the Wilcoxon
test was carried out to compare the A between the bold and shy
sea breams.

Results

Swimming activity recorded by the
accelerometer tag

Swimming activity recorded by the tag increased during the
experimental duration (estimate + SE: 0.15 + 0.02; t = 7.58; p <
0.001) regardless of the SCS (Figure 2A). On average, shy fish
displayed higher swimming activity values than bold fish during
the experiment (Figures 2A, B; estimate + SE: 1.78 + 0.10; ¢ =
18.23; p < 0.001).

Blood physiological parameters

Even if some variations were observed between the different
sampling times, the SCS did not influence the concentration of
most of the physiological parameters monitored (ANOVA; p >
0.05; Figure 3). Some parameters (hematocrit, lysozyme, and
total proteins) were, however, influenced by SCS during the
experiment duration (ANOVA: p < 0.05 for all; Figure 3). In
more detail, bold fish displayed higher levels of hematocrit,
lysozyme, and total proteins, which could be associated with
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better health status and/or higher aspecific immunity (ANOVA:
P =0.04, p=0.009, and p < 0.0001 for hematocrit, lysozyme, and
total proteins, respectively).

Antibody screening

One month after vaccination (t;), 16/18 sea breams (89%)
showed increased At,—t; (increased in 9/9 bold fish and only 7/9
shy fish). The At,—t; was increased more than 40% in 7/9 bold
fish (representing 78% of fish), whereas it was increased more
than 40% only in 2/9 shy fish (~22%). This observation indicated
that vaccination worked well regardless of the SCS, and it also
showed that a clear difference in antibody concentration in
response to vaccination was observed depending on the SCS.
Two months after vaccination (t,), the antibody level was stable
(ie., less than 10% of the variation) in the majority of fish (13/17,
76%) regardless of the SCS. The At;—t, increased only in one shy
fish and decreased in two bold and one shy fish.

In addition, looking at the average response depending on
the SCS, bold fish showed higher At,—t; than the shy ones
(Wilcoxon test, p < 0.05), displaying a Aty—t; of ~50% vs. 25% for
shy fish (Figure 4). However, no difference persists in At;—t,
between the divergent SCS (Wilcoxon test, p > 0.05; Figure 4).

Discussion

In this study, the physiological response of sea bream from
different SCSs following V. anguillarum vaccination was
monitored. Following vaccination, the bold fish overall
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Swimming activity (AU) recorded in bold (gray, n = 9) and shy (blue, n = 9) fish during the experiment. (A) Mean daily values of swimming activity
(AU) and linear regressions between swimming activity, days of the experiment, and SCS (bold or shy). (B) Mean + SD of swimming activity (AU)
depending on the SCS (bold or shy). For both panels, significance differences are indicated [the linear model for panel (A) and GLME for panel

(B); ***p < 0.001.
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FIGURE 3
Physiological blood parameter [cortisol, glucose, lactate, hemoglobin, hematocrit, red blood cell count (RBCC), lysozyme, protease, peroxidase,
and total proteins] concentrations during the experiment recorded in bold (gray, n = 9 per sampling time) and shy fish (blue, n = 9 per sampling
time) at to, t;, and t,. A blue outline around the figures indicates a significant effect of SCS in the parameter (see statistical details in the text).

displayed lower swimming activity values recorded by the
accelerometer tag, suggesting a lower energy expenditure, but
displayed greater levels of lysozyme, hematocrit, and total
proteins in the blood. In addition, bold sea breams also
responded to vaccination by displaying a greater increase of
antibodies 1 month after vaccination, suggesting better immune
response than shy sea breams. After 2 months, the level of
antibodies reached a physiological plateau, and the difference
between the two groups was not yet statistically significant.
Concerning swimming activity recorded by the
accelerometer tag, an increase during the experimental
duration regardless of SCS following the vaccination procedure
was observed. Interestingly, shy sea breams displayed higher
swimming activity values than bold ones during the experiment.
It is worth noting that bold fish are known to be overall more
active than shy fish (Castanheira et al., 2017), but the results of
this study are consistent with previous works carried out in sea
bream at similar stocking density conditions, where shy fish also
displayed higher swimming activity level than the bold ones
(Carbonara et al., 2019). Overall, the swimming activity recorded
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by the tag is recognized as a reliable indicator of oxygen
consumption rate and energy expenditure in fishes (Clark
et al,, 2010; Wilson et al.,, 2013; Zupa et al., 2015; Zupa et al.,
2021; Alfonso et al., 2022), including sea bream (Alfonso et al.,
2021). Generally, a higher level of muscle activity implies less
availability of energy reserves, reflecting a reduced ability for the
fish to compensate for stress events (Korte et al., 2007) and a
lower capability to face adverse conditions, such as escape,
predation, and competition. Therefore, the results here
obtained suggest that, in the experimental condition (moderate
stocking density, ~15-20 km/m?), shy fish should cope with
competition from bold fish (having a greater amount of energy
available) following a vaccination event (Carbonara et al., 2019).
By investigating the levels of metabolic-related transcripts, it has
been shown that shy sea bream overall display higher metabolic
responses than proactive ones following vaccination against V.
anguillarum (Vargas et al., 2018). It is worth mentioning that the
differences here measured in swimming activity between the two
SCSs did reduce progressively during the experimental duration,
so they may disappear over time. Interestingly, the better
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FIGURE 4

Mean + SE of delta (4, %) between to—t; and t;—t, for bold (gray,
n = 9) and shy fish (blue, n = 9). Statistical differences are
indicated in the figure (Wilcoxon test; *p < 0.05) or NS
(indicating not significant) for each experimental period (to—t; or
t—to).

response to vaccination found in bold fish between t, and ¢, also
disappeared between t; and #,. We could hypothesize that bold
fish mobilize their energy in immune response following
vaccination more than shy fish, which seems consistent when
looking at the differences in swimming activity values (shy fish
displaying greater values) linked to metabolism. Further work is,
however, needed to better understand what factors act to reduce
those differences over time (e.g., loss of vaccination-
induced effect).

Overall, the SCS did not influence the level of blood
physiological parameters for most of the parameters
monitored. Some parameters were, however, influenced by
SCS during the experiment. Indeed, bold fish displayed higher
levels of hematocrit, lysozyme, and total proteins, which could
be associated with better health status and/or higher aspecific
immunity. Only a few studies investigated the basal level of
blood physiological indicators of health and welfare, as well of
aspecific immunity depending on fish SCS (Silva et al., 2010;
Kittilsen et al., 2012; Ibarra-Zatarain et al., 2016; Alfonso et al.,
2020b). Concerning immunity, it is supposed that proactive fish
would display greater immunity level than shy ones according to
a recent review regarding coping styles in farmed fish species
(Castanheira et al., 2017), but it is, however, worth mentioning
that our knowledge on the link between SCS and aspecific and
specific immunity is limited by very few studies (MacKenzie
et al., 2009; Kittilsen et al., 2012; Vargas et al., 2018; Balasch
et al,, 2019). For instance, Kittilsen et al. (2012) reported higher
immunity features of proactive individuals in Atlantic salmon
(Salmo salar) when linking lice prevalence, pigmentation, and
cortisol level. A recent paper also revealed that bold European
sea bass (Dicentrarchus labrax) displayed a greater expression
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for genes involved in immune system development (e.g., efsl,
irf4, kif13) and leukocyte activation (e.g., itgav, notch2, pawr,
prkeb) in the head kidney (Sadoul et al., 2022). These examples
may support the potential greater immune response in proactive
individuals, also highlighted here through the greater level of
lysozyme and total proteins measured in the plasma of bold sea
bream, even if this was less evident in other studies (Carbonara
et al,, 2019; Alfonso et al,, 2020b). These results are therefore
important to better understand the physiology underlying SCS
responses. Further studies in this research area are essential since
further divergences could be observed between SCSs in terms of
growth or reproduction that can ultimately affect the fitness of
individuals (Smith and Blumstein, 2008; Castanheira et al., 2017;
Geftroy et al., 2020).

In this study, 1 month after vaccination, 89% of sea breams
showed an increase of antibody presence in both bold (9/9 fish)
and shy fish (7/9 fish). However, the Afy—t, was increased more
than 40% in 7/9 bold fish (representing 78% of fish), whereas it
was increased more than 40% only in 2/9 shy fish (~22%). In
addition, the mean Aty—t, was ~50% for bold fish, while it was
only 25% for shy fish. Altogether, these results indicated that a
higher antibody concentration was observed in bold than shy
fish in response to vaccination, suggesting a higher efficiency of
the vaccine in bold than shy fish. Interestingly, an improved
response to V. anguillarum vaccination in bold fish was recently
reported in this species (Vargas et al., 2018; Balasch et al., 2019).
In more detail, it has been demonstrated that proactive sea
bream showed a high immune response and lower metabolism
than the shy ones under bath vaccination investigating immune-
oxidative stress- and metabolic-related transcripts (e.g., il13,
tnfo, igm, sod, cat, Ipl, ghrl, and ghr2) (Vargas et al,, 2018). By
investigating other endpoints, the results obtained in the present
study seem to confirm the few studies available on this topic and
highlight the need to further explore immunity features and their
functioning mechanisms related to different SCSs. However, in
our experiment, 2 months after vaccination (t,), the antibody
level was stable between ¢; and t, (i.e., less than 10% of the
variation) in the majority of fish (13/17, 76%) regardless of
the SCS.

In conclusion, following vaccination against V. anguillarum,
shy sea bream displayed higher swimming activity than bold
ones, which is overall indicative of greater energy expenditure.
Also, following vaccine injection, bold fish displayed higher
levels of hematocrit, total proteins, and lysozyme in the
plasma, which could be indicative of better health/welfare
status and aspecific immunity. Finally, V. anguillarum
vaccination appeared to be more efficient in bold than shy
ones between t, and t;, since the number of antibodies was
found higher in bold fish. Altogether, these results indicate that
proactive sea breams 1) could be more adapted to low stocking
density environments (lower swimming activity values and
greater levels of lysozyme and total proteins) and 2) seem to
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be a greater responder to V. anguillarum vaccination. These
results are promising but need to be confirmed by further trials
including a bigger sample size. Such results could help improve
both health/welfare and productivity of farmed sea bream by
selecting more robust fish, better adapted to farming conditions.
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