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Social fish raised in farms are usually kept in groups of similar-sized
individuals. However, social animals of similar size typically have similar
fighting ability, which increases aggressive interaction for social rank estab-
lishment, as well as social stress. We compared Thai strain Nile tilapia fish,
Oreochromis niloticus (L.), held under two treatments: (1) The Homogeneous
one, with five adult male fish of similar size and (2) the Heterogeneous treat-
ment with five adult males of different sizes. We recorded the frequency of
aggressive interactions and checked social stability and stress levels (cortisol)
after five days in the groups. Grouping similar sized Thai Nile tilapia
increased the aggressive interactions and delayed rank stability with increased
body injuries as a consequence. Homogeneous-sized individuals showed a
similar level of stress while heterogeneous-sized individuals showed different
stress levels with dominants being more stressed than subordinates. The data
indicate that the practice of selecting fish of similar size in aquaculture man-
agement could reduce the welfare of social fish and that the effect is observed
in different lineages.

Keywords: Nile tilapia Oreochromis niloticus; culture; size selection;
aggression; stress; welfare

Introduction

Management practices in aquaculture production systems can cause some negative
effects on fish welfare because most of them are interwoven with several types of stres-
sors (e.g., Pickering et al. 1982; Barton & Iwama 1991; Wendelaar Bonga 1997). One
of those widespread practices is the selection of fish of similar size for commercial and
livestock purposes (e.g., Slavik et al. 2011). Although this is desirable for product stan-
dardization, the procedure of sorting animals by size causes handling stress (Ellis et al.
2004) and, for some social fish species, can also increase aggressive interactions (Ang
& Manica 2010; Boscolo et al. 2011; Alonso et al. 2012). Negative effects arise in this
case because animals of similar size often have the same fighting ability. This translates
to a similar chance of winning a contest (Enquist & Leimar 1983) so that contests can
last longer and delay the establishment of hierarchies which in turn increases the social
stress for the fish (Koops & Grant 1992; Ang & Manica 2010).
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Size difference is an important visual signal providing information for assessing
fighting ability in fishes, and by keeping similarly sized fish together, the naturally
selected social rank signals can be reduced or removed. Boscolo et al. (2011) have
already demonstrated such negative effects for Nile tilapia (GIFT strain) in which
groups formed by similar-sized fish showed increased aggressive interactions and also
social instability (rank-order reversals). The authors found no association between the
behavioral changes and the increased stress levels when all individuals in the group
were considered. They found, however, differences among social ranks in which the
dominant fish were more stressed than the subordinates only in the groups of different
sizes.

The GIFT Nile tilapia is a product of artificial selection for fast growth and so it is
plausible to suppose that some influence of this management selection could be acting
on the aggressive behavior of the fish and magnifying the effects of size grouping
conditions. Several studies have shown that the genetic bases of aggressive behavior in
fish may change according to strains and domestication factors (Vaz-Serrano et al.
2011). Domesticated Siamese fighting fish, Betta splendens, are more aggressive, for
instance than wild ones (Verbeek et al. 2007). Domesticated zebrafish shows a reduced
avoidance of predators compared to a wild zebrafish (Drew et al. 2012). Studies on dif-
ferent fish strains are thus important because the artificial selection of certain features
may also select for other characteristics such as aggression and stress resilience
(Pottinger et al. 1994; Schjolden & Winberg 2007). There is, however, a lack of studies
that focus on the behavior of different Nile tilapia strains. Among several domesticated
tilapias, the Thai strain is less modified by artificial selection than the GIFT strain
(Eknath et al. 2007). If aggressiveness is correlated with growth characteristics, it is
possible that Thai Nile tilapia show a less intense response to aggression and social
stress following size classification than other tilapias strains such as GIFT. In this study,
we tested the effect of grouping homogeneous-sized animals on aggressive behavior
and social stress in Thai Nile tilapia and examined whether such aggressive levels are a
matter of lineage or whether it is a common response for Nile tilapia.

Methods
Animals and housing conditions

We used adult sex-inversed males of Nile tilapia Oreochromis niloticus (L.), Thai strain.
Fish ranging from 50 to 120 mm standard length (SL) were kept together in 500-L
indoor stock-tanks (ca. 1 fish 10 L™") for 20 days for acclimation before the experiment
began. The tanks contained dechlorinated water kept at 27 °C and 12L:12D light
regime. The water quality was maintained by external biological filters (filtering
400 Lh™"), and the tanks were cleaned once a week. Food (commercial pellets for
tropical fish, 32% Crude Protein; Guabi-Pira/Brazil-http://www.guabi.com.br/rc/peixes/
produtos.asp) was provided twice a day to satiation.

Experimental design

We compared the effect of grouping animals of similar size on the aggressive behavior,
social stability, and social stress in adult Nile tilapia males, Thai strain. We setup two
treatments by size similarity (N =12 each), named homogeneous and heterogeneous,
based on a study by Boscolo et al. (2011). The homogeneous treatment (HO) had five
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same-sized males (HO: mean + S.E.: SL: 105.90 £ 5.90 mm, range 100.0-105.0 mm
and coefficient of variation (CV): 17.39 +4.66%; weight (W): 36.78 + 6.25 g, range
36.0-43.0 g and CV: 69.87 +£26.67%). The heterogeneous treatment (HE) had five
males of different sizes (HE: mean + S.E.: SL: 104.20 + 13.30 mm, range 80.0-
120.0 mm and CV: 134.97 £20.19%; W: 35.86 + 14.34 g, range 35.0-50.0 g and CV:
414.08 + 69.86%). This size arrangement guaranteed a similar density and biomass
between treatments so that only the difference in between-fish size varied. The animals
were grouped for five days during which the levels of aggression (frequency of aggres-
sive interaction), social stability (changes in rank order), and social stress (cortisol
levels) were recorded.

Experimental aquaria

Animals were anesthetized with benzocaine (9 mg Lfl), measured, weighed, and indi-
vidually identified by Visual Implant Elastomer (V.LLE tags) before being assigned to
one of the treatments (HO or HE). The experimental aquaria had 60 x 60 x 40 cm
(~140 L), with three sides covered by blue plastic to block visual contact between fish
in adjacent aquaria. Blue was chosen because it reduces cortisol levels in the Nile tila-
pia (Volpato & Barreto 2001; Maia & Volpato 2013). The water temperature was set to
27 °C and the photoperiod to 12L:12D (7:00-19:00 h). Fish were fed a standard ration
for tropical fish (as described in topic Animals and housing conditions) in an amount of
3% of biomass, in two daily intervals (at 8:00 and 17:00 h).

Behavioral records

Fish were video-recorded (10 min day ') to record the aggressive interactions and iden-
tify the social position of fish for subsequent quantification. Large numbers of fish in
aquaculture groups impair individual observations. We therefore used groups of five
fish, which was the maximum in which we could identify social rank and individual
behavior (as used by Boscolo et al. (2011)).

We recorded fish behavior from the second day between 09:00 and 10:30 h using
camcorders placed on tripods in front of the experimental aquaria. An observer did not
stay in the room during the recording sessions to avoid an observer effect. The agonis-
tic interactions were divided into attacks (overt fights such as mouth fighting, nipping,
lateral fighting, and tail beating) and displays (such as chase and threat) as described by
Carvalho and Gongalves-de-Freitas (2008) and Boscolo et al. (2011) for Nile tilapia.

Social rank and social stability

The social rank was defined by dominance index (DI: number of attacks emitted/total
number of attacks in the group), as done by Gongalves-de-Freitas et al. (2008) and
Boscolo et al. (2011) for O. niloticus, GIFT strain. DI varies from 0 to 1.0 with the
dominant DI higher than the subordinate one. This allowed us to identify a linear
hierarchy, with five ranked individuals. The social instability was assessed through
social position reversals over time. The DI of the 5 fish in each group was compared
among days using the Spearman correlation coefficient (7). This analysis was based on
the criteria of Oliveira and Almada (1996) and those groups showing » = 0.70 were
considered stable, (i.e., with minimal changes in daily DI).
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Social stress and cortisol assay

Blood was sampled before grouping and at the end of the 5th day of grouping for a
cortisol assay. Fish were caught from the stock-tank at the same time and were all anes-
thetized by immersion on benzocaine (Sigma/Aldrich/China 9 mg L™"). All fish lost
body equilibrium, and their breathing rates slowed one minute after immersion in
benzocaine which allowed blood samples to be taken quickly. The entire procedure,
from when the researchers approached the aquarium to the end of all blood sampling,
took less than 2 min. It was devised to ensure that cortisol levels were not elevated dur-
ing blood sampling (e.g., Pottinger 2008). Blood was taken from the tail vein between
10:30 and 11:00 am to avoid circadian variations. Blood was centrifuged at 3.000 rpm
for 10 min; plasma was gathered and placed in capped 1.5-ml polypropylene
(Eppendorf) tubes, and frozen at —20 °C. Plasma cortisol levels were assayed later by
ELISA — Enzyme-Linked Immunosorbent Assay validated for Thai Nile tilapia, accord-
ing to the methods described by Brown et al. (2004). This is a well-established method
applicable to fish (McKenzie et al. 2012).

Statistical analysis

All data were tested and conformed to criteria for normality and homoscedasticity. We
then compared the frequency of attacks and displays between treatments using unpaired
t test. The initial and final cortisol levels of groups (mean from five individuals) were
compared by a repeated measures ANOVA with treatments (HO vs. HE) as categorical
factors and periods (before vs. after grouping) as the repeated measures. The social sta-
bility was assessed by the number of stable vs. unstable groups within each treatment
with a Binomial test (Goodman 1965). The final concentration of plasma cortisol was
compared with the rank of a fish recorded in the last day of grouping by a one-way
ANOVA. Fisher’s LSD was applied as a post hoc test. The significance level was set at
p <0.05. All statistical tests and assumptions were based on Zar (1999).

Ethical clearance

This study was conducted in agreement with the guidelines of the National Council for
the Control of Animal Experimentation (Conselho Nacional de Controle de Experi-
menta¢do Animal, CONCEA, Brazil) and was approved by the Ethical Committee of
Animal Experimentation of the Universidade Estadual Paulista (UNESP), Sao José do
Rio Preto, SP, Brazil (permit 008/09).

Results
Aggressive behavior and social stability

The frequency of attacks was higher in the HO treatment (unpaired ¢ test; #»») = 2.45,
p =0.02; Figure 1(A)). There was no difference in the frequency of displays between
treatments (unpaired ¢ test; #22) = 1.92, p = 0.07; Figure 1(B)). By analyzing the number
of socially unstable (r; < 0.70) and stable (s > 0.70) relationships in each treatment, we
observed that more replicates in the HE treatment remained stable following the first
comparison (Binomial test, p > 0.05; Table 1). In the HO treatment, more replicates
became stable only in the last comparison — between the 3rd and 4th day of grouping
(Binomial test, p < 0.05; Table 1). We observed loss of scales and some injuries on the
bodies of fish in the HO treatment, but not in the HE treatment.
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Figure 1. Number of attacks (A) and displays (B) over 4 days of observations in homogeneous
and heterogeneous treatments (N = 12 each).

Notes: Asterisk indicates a significant difference between treatments after the unpaired ¢ test. Note
different scales in Figures A and B. Data are showed as mean + S.E.

Table 1. Frequency of replicates showing social hierarchy stability (r; = 0.70)
and instability (75 < 0.70).

Homogeneous-sized Heterogeneous-sized

treatment (N = 12) treatment (N = 12)
Observations Unstable Stable Unstable Stable
Ist to 2nd 7 5 2 10*
2nd to 3rd 4 8 2 10*
3rd to 4th 1 11* 2 10*

*Means significant difference after Binomial test (p < 0.05).

Cortisol levels

There was no significant difference between the treatments for plasma cortisol levels
when comparing the mean cortisol in the group (ANOVA for repeated measures:
F(1,108) = 0.59, p = 0.44). Cortisol levels before grouping were, however, higher than
after grouping for both treatments (cortisol before grouping, mean + S.E.: HE = 65.78
+5.0; HO=73.09 £4.90; cortisol after grouping mean £ S.E.: HE =36.93 +3.51;
HO =38.38 £2.66; ANOVA for repeated measures: F(1,108)=70.63, p <0.0001;
LSD, p <0.0001). We analyzed the cortisol by rank on the last day but only in the
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Figure 2. Mean (+S.E.) plasma cortisol levels in different social ranks in treatments (N =10
each) homogeneous (A) and heterogeneous (B).

Notes: Fish ranks are shown according to a decreasing dominance index with the dominant fish
having the higher one. Bars followed by at least one different letter indicate a significant differ-
ence after one-way ANOVA plus Fisher’s LSD post hoc test.

stable groups. We then compared 10 replicates from the HE treatment and 10 from the
HO treatment, removing one that was unstable and another from which the plasma vol-
ume was insufficient for the cortisol assay. We observed no difference in plasma corti-
sol concentrations between ranks for the HO treatment (one-way ANOVA; F(4,45)
=0.18, p=0.94; Figure 2(A)), whereas in the HE treatment, we found differences
(one-way ANOVA; F(4,55) =3.34, p = 0.017; Figure 2(B)). The st and 2nd dominant
animals in the rank showed similar cortisol levels (p = 0.83) and both showed higher
cortisol than the 4th and 5th animal in the rank (p < 0.019). These last ranks were also
similar between them (p = 0.95). The 3rd in the rank had similar cortisol levels to all
other ranks (p > 0.09).

Discussion

In this study, we showed that by grouping similar-sized Thai Nile tilapia, the aggressive
interactions increase and rank stability is delayed, with body injuries as a consequence.
Homogeneous-sized individuals experience a similar level of social stress, while
heterogeneous-sized individuals experience different levels of social stress, with
dominant fish being more stressed than subordinate fish.
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In many fish groups, individuals fight aggressively until dominance is established
(Nelissen 1985; Turner & Huntingford 1986). Overt contests are reduced after that and
replaced by displays that reinforce the social position of the fish (Johnsson et al. 2006)
and reduce the chances of overt fights. Here, we found a higher frequency of agonistic
interactions in the HO treatment indicating that grouping similar-sized fish increases
readiness to fight. The higher frequency of attacks can be considered a consequence of
the similar fighting ability of the animals, delaying hierarchy establishment (Enquist &
Jakobsson 1986). The establishment of social hierarchies can be an evolutionary solu-
tion to competition for limited resources (Sneddon et al. 2006) because it reduces ener-
getic expenditure contests (Alvarenga & Volpato 1995; Vollestad & Quinn 2003; Ros
et al. 2006) and risk of injuries and death (Johnsson et al. 2006). The lower the fre-
quency of attacks, the higher the energy availability to spend on growth and other func-
tions (Neat et al. 1998; Sloman et al. 2000; Castro et al. 2006; Johnsson et al. 2006).
Boscolo et al. (2011) observed that homogeneous-sized groups of GIFT strain male Nile
tilapia were more aggressive than heterogeneous-sized groups, suggesting that size
homogeneity is a determining factor in different strains. Any protocol that increases
aggression, as by culturing territorial fish is therefore likely to produce negative effects
on the fish.

Social stability was observed in both treatments, but was achieved more quickly in
the HE treatment. Again, the size homogeneity of animals was associated with a more
intense and long-lasting competition. Because relative fighting ability is not purely
defined by body size, other factors may have influenced the hierarchical establishment
in the HO treatment. The delayed establishment of a stable hierarchy may be harmful
to the animals because it increases aggressive interactions and thus the risk of injuries
to the contestants (Johnsson et al. 2006) as we observed in this study. Such a risk
seems to be dependent on the lineage because social establishment was not achieved in
5 days for similar size groups in GIFT strain (Boscolo et al. 2011). Thai Nile tilapia
could thus be less affected by size classification management.

Despite the differences in aggressive behavior and the later hierarchical establish-
ment in the HO treatment, cortisol levels were similar between treatments, contrary to
our expectations, when considering all the fish in the group. We expected to find higher
cortisol levels in the HO treatment due to a higher frequency of agonistic interactions
because, according to Corréa et al. (2003), agonistic interactions are associated with
high concentrations of cortisol in Nile tilapia. However, we found association between
hierarchical rank and cortisol.

Several studies have reported that subordinate fish are more stressed and show
higher cortisol levels than dominant individuals (Fernandes & WVolpato 1993; Corréa
et al. 2003). We found, however, the opposite situation. The higher cortisol level found
for dominant fish in the HE treatment may be a consequence of animals reinforcing
their social position against the closest rank, and this could increase social stress (e.g.,
Sloman et al. 2008). On the other hand, subordinate animals tend to avoid agonistic
interactions (Oliveira & Almada 1996) and show lower cortisol levels. Then, although
it is well established that subordinate fish have higher cortisol levels than dominants
(Corréa et al. 2003), most physiological studies are performed with pairs, and the
subordinate is the only threatened fish. It is possible that in larger groups, the last in the
rank is the last to be attacked, and thus, lower ranked fish might also be less stressed.
Boscolo et al. (2011) studied similar large groups of male Nile tilapia, GIFT strain and
observed that dominants were more stressed than subordinates in asymmetric groups,
reinforcing the results found in this study. The data, therefore, indicate that practices of
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selecting fish by size during aquaculture management may reduce the welfare of social
fish and the effect may be observed differently in different lineages.
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