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Abstract: Fish social behavior can be affected by artificial environments, particularly by factors that
act upon species that show aggressive behavior to set social rank hierarchy. Although aggressive
interactions are part of the natural behavior in fish, if constant and intense, such interactions can cause
severe body injuries, increase energy expenditure, and lead the animals to suffer from social stress.
The immediate consequence of these factors is a reduced welfare in social fish species. In this paper,
we consider the factors that impact on the social behavior and welfare of Nile tilapia, an African
cichlid fish widely used both in fish farms and in research; this species is frequently used as a model
for physiology and behavior research. This is a polygynous species whose males interact aggressively,
establishing a territorial based hierarchy, where a dominant male and several subordinate males
arise. When social stability is shrunk, the negative effects of prolonged fighting emerge. In this paper,
we summarized how some of the common practices in aquaculture, such as classifying individuals
by matching their sizes, water renewal, stock density, and environment lighting affect Nile tilapia
social aggressive interactions and, in turn, impact on its welfare. We also discuss some ways to
decrease the effects of aggressive interactions in Nile tilapia, such as environment color and body
tactile stimulation.

Keywords: aggressive interaction; social stress; fighting ability; social rank; social communication

1. Introduction

Social behavior is defined as any kind of interaction between conspecifics, in such a way that
it influences their immediate or future behavior [1]. In this conceptual framework, fish social
behavior includes reproductive behavior, such as mating and courtship, cooperative interactions [2,3],
shoaling [4], and social hierarchy, which is marked by aggressive interactions to reach a certain social
rank and to defend territory, as well as environmental resources [5]. Social interaction, however, is not
limited to conspecifics, but it can also occur among heterospecifics, such as in client-cleaner coral
reef fishes, wherein a species cooperates by cleaning parasites off of another species, thus interacting
between them [6,7].

For each kind of social interaction, several types of information are exchanged between
interactants, either directly or indirectly. In the first and more generalized case, information is
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exchanged between interactants, for instance, during contests to achieve a dominant rank [8]. In the
second one, an individual gathers information indirectly from other interactants, and uses that
information at a later time, in a similar circumstance. For example, a male Betta splendens will quickly
engage in a contest after obtaining information about its rival’s fighting outcome if it is a loser, but will
approach more slowly if facing a winner from a previous fight [9]. Thus, socially organized individuals
receive and send several types of messages from/to conspecifics, within a social communication
network; it is interpreted depending on several intrinsic and extrinsic factors. When the external
environment is changed, social communication can be impaired and social interactions can be affected.
For instance, for some fish species chemical information is important in social rank communication [10],
however, water dilution can dilute such information, thus, disturbing social stability and increasing
aggressive interactions [11,12].

According to Creel et al. [13], social environment is one of the main sources that induces
physiological stress in vertebrates, known as social stress. The type of interaction alongside the
social rank stimulates the hypothalamic—pituitary—adrenal (HPA) axis, thus increasing the secretion
of glucocorticoids, which will impact upon the growth, reproduction, and immune function of
animals [13]. Cortisol levels, for instance, are higher for dominant or subordinate individuals,
depending on the circumstances [13]. Social instability, in turn, is usually associated to increased stress
and its negative effects upon individuals [14,15], as that is a condition characterized by intense and
prolonged fighting; therefore, knowing the factors that affect social behavior is an important tool to
understand the mechanisms modulating animal welfare.

A rich behavioral repertoire is shown by fish species from the cichlid group, whose social
behavior is complex and, although some variations can occur, it does have some patterns as a species.
For example, all cichlid species take care of their broods, which can be defined as a bi-parental
care, with both the male and the female caring for the eggs and fingerlings in the substrate [16];
or mono-parental care, with only the male or the female taking care of eggs by keeping the fingerlings
inside their mouths (mouthbrooding cichlids) [17]. Some species show cooperative behavior as
helpers in the group [3]. Despite these behavioral variations, all cichlid species engage in aggressive
interactions to establish social rank and territory [16], which is marked by biting, mouth fighting,
tail beating (known as overt fight), and by signals such as threats and other displays (restrained
aggression). This type of interaction is not only observed in adult males and females, but also in
juveniles, which show a very similar aggressive behavior to that of adults. For example, the angelfish
Pterophylum scalare and the Cichlasoma parananese show a similar social interaction, their social rank
being clearly established when they are juveniles [12,18]. Aggressive behavior is, therefore, part of the
competition for resources, for example, food, reproductive partners, spawning and brood care site,
in which dominant individuals have priority over others to access such resources [19]. Overall, the
adaptive value of such social hierarchy is to reduce the detrimental effects of competition, by organizing
the access to environmental resources and reducing the cost of prolonged fighting, such as energy
expenditure, body injuries, and social stress for the contestants.

Although aggressive interactions are part of their natural behavior, some of the common practices
in aquaculture, such as classifying individuals by matching their size, water renewal, stock density,
and environment lighting can affect social interactions in a way that shrinks the natural adaptive value
of social behavior. As a consequence, there will be reduced welfare in social fish species, as well as an
impact on fish production [5]. In this paper, we present a synthesis on social impairment and welfare
of Nile tilapia, Oreochromis niloticus (Linnaeus, 1758), an African cichlid fish widely used both in fish
farms and as a research model due to its physiology and behavior. In fact, tilapia production has
grown exponentially over the last few years (global production was approximately 5.6 million tons in
2015, [20]) and it has become the second most farmed fish species worldwide [20]. Thus, it is necessary
to consider factors affecting the species” welfare to propose adequate technology for the improvement
of tilapia farming and housing.



Fishes 2019, 4, 23 3of 14

2. Nile Tilapia Social Behavior

Nile tilapia is a polygynous species whose male individuals aggressively interact establishing a
territorially based hierarchy [21]. The contestant males fight each other, a winner emerges (dominant
male) and starts to defend a territory wherein a circular nest is dug and courtship and spawning will
take place [22,23]. Many subordinate males defend territories near the dominant one, although some
males do not get any territory at all. Mating occurs through a lek system, with females visiting several
nests before mating (Figure 1). After spawning, females take the eggs in their mouths and carry out
mouthbrooding for nearly 14 days, until broods are completely released in the open environment [21].

Similarly to other cichlids, Nile tilapia adult males and females show social-rank based
interactions [24,25]. Juveniles also have a similar behavior to that of adults (e.g., [26,27]), however, it is
probably due to a competition for food rather than for reproduction [28]. Depending on the context,
social rank is kept among males through physical limits on the ground (territory and nest), as well as
through different types of sensorial cues, such as visual [29,30], chemical [31], and acoustic ones [32,33]
which counteract overt fights. When some of these social signs are impaired by environmental changes,
specifically artificial ones, social rank signals become unable to keep social stability, thus increasing the
negative effects of prolonged fighting, such as increased social stress and decreased growth, which are
indicated and discussed hereafter.

A) Hierarchy setlement
D) Female

mouth brooW
C) Spawning o

T s

B) Nesting and territorial defense

Figure 1. Nile tilapia’s social behavior. Males fight (A) and a dominant and subordinate rank
(clear and gray fish, respectively) emerge; the dominant male starts to defend a territory, wherein it
digs a circular nest (B). The mating system is a lek polygyny; then several males dig nests surrounding
dominants (B). Fish continue defending territory and attracting females (C). After spawning, the female
leaves the arena and starts mouthbrooding until fryers arise (D). Some males do not get territory and
stay around the arena challenging territorial males (some act as sneakers). Females (the smallest fish in
the drawing) visit the arena and mate with territorial males.

3. Social Stress and Socially Controlled Growth

The stress caused by the social organization of animals is an inherent biological characteristic to
many animal species, with representative examples on fish and other vertebrate classes [13]. For these
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species, different social statuses in a group will impinge different demands on individuals and,
therefore, different amounts of energy availability resulting in fish with different growth rates and
developments, including reproduction. Nile tilapia is one of these species, whose causal factors of
intraspecific growth heterogeneity were extensively investigated by our research group, at the time led
by Dr. Gilson Volpato, as shown hereafter.

Although results varied genetically for individuals with different growth rates, we observed that
the growth heterogeneity in Nile tilapia is associated with the social rank of the animals in the group;
i.e.,, dominant animals grow more than subordinate ones [34]. Volpato and Fernandes [35] proposed a
diagrammatic view of the mechanisms involved in the social control of growth in fish, considering
species that present or do not present a hierarchical rank. According to them, the heterogeneous
growth found in socially organized fish may be due to a combination of the following factors related
to social stress: different food intake rates (paradigm of food competition), different digestion rates,
appetite suppression, or different rates of energy expenditure of animals occupying different social
statuses in the group (paradigm of social stress). Studies conducted in our laboratory suggest that
dominant and subordinate Nile tilapia individuals eat equivalent amounts when food is not a limited
resource, with a temporal difference in intake; dominant animals eat before subordinate ones [35,36].
The stress arising from the social hierarchy of dominance is considered to be the main promoter
of growth heterogeneity in Nile tilapia. Subordinate individuals show higher metabolic rates than
dominant ones, thus indicating that most of the energy is used for other purposes. Studies developed
by Fernandes and Volpato [37] on the effect of social stress on carbohydrate metabolism in adult Nile
tilapia were pioneers in demonstrating that subordinate animals had a glycemic concentration that
was twice as high as dominant ones after two days of grouping, and had a significant decrease in
hepatic glycogen concentration after four days, which indicates that subordinates use more energy for
adjustment to social stress than dominants.

Metabolic differences between fingerlings from different social ranks were also demonstrated
by Alvarenga and Volpato [27], when they found a significant association between some agonistic
profiles and metabolism in juvenile Nile tilapia, inferred from oxygen consumption, resistance to
progressive hypoxia, and ventilatory rate. The authors pointed out that the metabolic variability among
individuals of the same social status is directly related to the agonistic profile of male interactants.
Then, the individual growth rate in Nile tilapia results from the individual metabolic pattern impinged
by the stress caused by the social hierarchical status. Subordinates grow less than dominants, in a
linear scale, according to their social rank.

Recently, de Verdal et al. [28] found no correlation between social rank, food conversion efficiency,
and growth rates in juvenile Nile tilapia. The authors concluded that such a result could be explained by
alow number of agonistic interactions and the fact that fish were under low food competition. However,
according to Carrieri and Volpato [36], the snatching frequency is not a reliable parameter to indicate
an individual food intake among Nile tilapia, which problematizes studies that require the evaluation
of the cumulative effect of competition on food intake, such as growth or conversion efficiency studies.
On the other hand, de Verdal et al. [28] studied groups of 15 individuals, which suggests that social
hierarchy could be affected by the number of animals interacting in the group.

4. Impacts on Social Rank-Based Behavior

4.1. Body Size and Fighting Abilities

An important cue related to social information is the access to the opponent’s fighting abilities [38].
In this sense, body size constitutes crucial information, as several cichlid species can visually access this
characteristic in their opponents (see [39], for Melanochromis auratus, and [40] for Astronotus ocellatus).
The more similar the size, the longer and harder the fighting, as shown for Nannacara anomala [41].
Despite this knowledge, fish like Nile tilapia are selected according to their similar size during grading
management in aquaculture systems [42], which results in fish with similar fighting abilities being in
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the same tank. This method can increase chances of mortality as a consequence of massive energy
expenditure and also of physical injuries. In fact, this is the case with Nile tilapia. Boscolo et al. [43]
studied the effect of matching Nile tilapia males, GIFT lineage, according to their size. They compared
aggressive interactions in groups formed by five homogeneously sized or heterogeneously sized
males. They found that fish had twice as many fights in the homogeneous group compared to the
heterogeneous one; they also showed social instability, although the cortisol level was similar in
both treatments. Furthermore, Barreto et al. [44], found a similar result for Nile tilapia, Thai lineage,
in which fish showed increased body lesions and scales loss when grouped according to their size.
In this case, cortisol was equally elevated for every individual in the similar-sized group, whereas it
was high only for alpha and beta fish in the heterogeneous group. Altogether, these studies clearly
demonstrate the negative impact of gathering fish with similar sizes (and similar fighting abilities)
on the Nile tilapia welfare. As an example, Garcia et al. [45] found a higher growth performance for
Nile tilapia in tanks where no size selection was applied. Thus, the heterogeneous growth originated
from social rank system seems to be an adaptive mechanism for reducing overt fights in Nile tilapia,
indicating that grading should be rethought.

4.2. Stocking Density

Stocking density, strictu sensu, is the concentration at which fish are initially stocked into a
system, but the term has been used to refer to the density of fish at any point in time, considering
either their biomass or the number of fish [46]. The stocking density is directly linked to welfare as
it affects food competition and consumption, growth, stress, health, and mortality [46]. For social
species, the number of individuals in a group is associated to the probability of encounters. As a
result, we would expect that the larger the group is, the higher the probability of fighting. However,
the contrary is observed for other species, such as salmonids, whose aggressive interactions reduce at
high stocking densities [46,47].

There are several studies regarding the effects of stocking density on the Nile tilapia production,
but only a few suggesting the effects of social behavior, although they do not quantify aggressive
interactions. For instance, according to Ellison et al. [48], Nile tilapia reared at low stocking densities
(fry LD = 94 individuals at 1.5 kg m~3 vs. fry HD = 366 individuals at 6 kg m~%) have an increased
expression of genes related to stress which is likely due to increased aggressive interactions; moreover,
they are more susceptible to the consequences of infection by Saprolegnia parasitica, and have higher
mortality rates. Overall, these authors showed that Nile tilapia reared at low densities have a
higher susceptibility to negative effects than those reared at higher densities. On the other hand,
Garcia et al. [45] showed that a low stocking density (130 juveniles m 3 vs. 450 juveniles m~3) improves
growth rate and food conversion in Nile tilapia. Among several factors, the authors discussed the
probability of a better opportunity for both subordinate and dominant fish to access food and to reduce
aggressive interactions among them. Barcellos et al. [49] studied the Nile tilapia’s response to an
acute stressor (net chasing) at four stocking densities (groups of one, two, five, and 10 fish/100 L~1).
They found higher cortisol levels at stocking densities of 10 fish compared to those of one, two, and five.
They attributed these results to detrimental effects from social stress, which was probably caused
by agonistic interactions. Although these three studies discuss the effects of social behavior on Nile
tilapia’s performance under different stock densities, none of them quantified their social interactions.
Indeed, the number of animals clearly hinders the aggressive behavior quantification for most of those
conditions. Furthermore, there are differences in the experimental protocol between those studies that
make it difficult to conclude only in terms of high or low density if social hierarchy can be affected
by the number of animals in the group, without considering the amount of available food, shelter,
and space [5]. Nevertheless, studies combining the effect of stocking density and social aggressive
interactions should be conducted in order to allow us a better understanding of its impact on Nile
tilapia’s welfare.
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4.3. Chemical Communication and Social Rank Signaling

Cichlids are known to use chemical information in several social interactions, particularly when
signaling social rank, as in Astatotilapia burtoni [50], for example. In fact, differences between dominants
and subordinates have been shown for the well-studied species Mozambique tilapia Oreochromis
mossambicus [10,51], whose male stores urine and releases it when a male intruder invades its
territory [52]. Furthermore, males reduce their aggressiveness against a mirror when exposed to
the urine of a dominant male [53], showing that urinary odorants act as a dominance signal for this
species, modulating the aggressiveness in rival males and keeping the social hierarchy stable.

The chemical communication is also important for the social behavior of this species. The first
authors to show the role of chemical communication in Nile tilapia were Giaquinto and Volpato [31].
They observed that the recognition of social positions for such species was impaired when chemical
communication was absent, even when there was visual contact. Male pairs were kept in an
aquarium and were separated by a transparent glass (so that they had visual contact) with a hole
in it, allowing water to flow between compartments. When the hole was capped and chemical
communication was interrupted, fish spent more time fighting and hierarchy was not established.
These results showed that chemical cues can play an important role in Nile tilapia’s dominance
relationships. Later, Gongalves-de-Freitas et al. [11] simulated a scenario of water changing, a common
practice in fish maintenance. They tested the effect of water renewal on aggressive interactions
between pairs of juvenile male Nile tilapia, and found that after 50% water changing, subordinate
fish started to fight dominant ones again, destabilizing social hierarchy. This showed that chemicals
which signalized dominance had been washed out through water renewal, stimulating fights in
the group [11]. How, then, could we control the water quality without washing away important
social signals? The answer could be the amount of water renewed. In the juvenile angelfish cichlid,
Pterophyllum scalare, for example, a change of 25% water stimulated aggressive interactions in the
group for one hour, and after this period aggressive interactions returned to basal levels [12]. On the
other hand, after changing 50% water, fish kept an increased aggressive interaction rate for 24 h [12].
Thus, it is possible that other cichlid species, such as Nile tilapia, also behave that way, although this
hypothesis needs to be tested.

4.4. Environment Lighting

Changes in environment lighting can affect aggressive interactions and stress in fish by increasing
light intensity [54] or by changing the daily photoperiod [55]. These effects are usually indirect,
since they change the levels of melatonin in individuals, which is a light-controlled hormone
involved in the modulation of several types of behavior, such as biological rhythm, color change,
and aggressiveness [56]. High levels of melatonin are associated to reduced aggressive behaviors in
fish and other vertebrates, whereas the opposite is also true, i.e., reduced melatonin is associated with
increased aggressive behaviors [57-60]. Thus, long days and high intensity illumination are expected to
increase aggressiveness, although some differences can be found among fish species and developmental
stages. Environment lighting is a matter of consideration for the Nile tilapia welfare, because they have
a good sense of vision [61,62]; consequently, light can affect their behavior and physiology in several
ways. These factors are, however, more relevant in aquaria systems, inside laboratories, where the
environment is more translucent than in ponds.

In Nile tilapia, increased light intensity (from 280 to 1390 1x) reduces aggressive interactions
between pairs of juvenile males [63], whereas it clearly increases fights among adult males [64].
Although it is known that cichlids are more aggressive and tend to become dominant under long
photoperiods, such as Cichlasoma dimerus [65] and Tilapia rendalli [55], information about this influence
on Nile tilapia’s social behavior is scarce in the literature. According to Martinez-Chavez et al. [66],
Nile tilapia shows a daily variation in melatonin levels, which follows a clock-controlled rhythm (low
during photophase and high during scotophase); it allows us to hypothesize that the day length can
affect social aggressive interactions as it happens for other cichlids. Studies regarding the effect of
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day length on Nile tilapia is related to other important parameters to aquaculture purposes, such as
feeding rate, growth, and reproduction [67]. Thus, the effect of day length on aggressive interactions
of Nile tilapia is still an open research field.

5. Mitigation Technics

A way to reduce the detrimental effects of fish fights is, obviously, to know what increases
aggressive encounters and, then, shape the artificial environment accordingly. For example,
finding ways to keep low intensity illumination in translucent environments, renewing a lower
amount of water from the tanks, or avoiding grouping fish with similar fighting abilities (same sized
fish) in the same place. Knowledge on some of these mitigating factors is still scarce or confused,
such as stocking density. Therefore, it is obviously necessary to keep studying in order to find out how
external environment and management practices affect the social behavior of Nile tilapia. However,
there are some other strategies that can help reduce aggressive interactions. We will now discuss some
of them.

5.1. Environmental Enrichment

The first solution we can arrive at in order to improve Nile tilapia’s welfare is providing them
with a more enriched environment. As a definition, environmental enrichment is a modification of the
environment, which may increase the animals’ behavioral opportunities and lead to improvements
in their biological function [68]. Enrichment offers new opportunities to express behaviors and to
achieve preferred activities by animals [69,70]. In addition, it may reduce abnormal behaviors, such as
stereotypies [69].

Some studies with fish had already shown that environmental enrichment can reduce the
behavioral deficit in poor artificial environments [71-73]. It was also demonstrated that enrichment
decreases aggression rates between individuals in zebra fish (Danio rerio) [74], in the convict cichlid
(Archocentrus nigrofasciatus, redescribed as Amatitlania nigrofasciata) [75], in the pearl cichlid (Geophagus
brasiliensis) [76], and in the redbreast tilapia (Tilapia rendalli) [77]. These authors discuss that an
enriched and more complex environment may decrease the probability of encounters between animals,
by reducing the visibility between opponents or limiting the boundaries of small territories in the
environment, leading to a decrease in aggressive interactions in these species. However, the opposite
occurs for Nile tilapia. According to Barreto et al. [78], environmental enrichment increases the
aggressiveness in Nile tilapia males. Such an effect occurs because enrichment increases the value of
the resource (territory). Thus, individuals are more aggressive when striving for valuable resources
to themselves. In fact, the cost of fight can increase as the resource value increases [79]. Therefore,
environmental enrichment is not a way to counteract aggressive interactions in Nile tilapia, and would
reduce welfare instead.

5.2. Body Tactile Stimulation

Tactile stimulation is achieved through a mechanical stimulus, such as touches on the body,
when two or more individuals are interacting [80], or artificially, by using some devices [81,82].
Such stimulation has been studied as an alternative to promote animal welfare in several animal
groups. In mammals, for example, tactile stimulation reduces both stress levels [83] and heart beat
rates [84]. Soares et al [81] demonstrated that tactile stimulation decreases stress in a coral reef fish,
decreasing its cortisol levels after confinement. However, Bolognesi et al. [82] demonstrated that tactile
stimulation does not decrease the cortisol level in Nile tilapia immediately after the application of a
stressor (either social or non-social stressor), but it reduces the aggressiveness in pair staged fights.
Such an effect was supposed to be controlled by serotonin (5HT), since this neurotransmitter is released
during body tactile stimulation and acts as an inhibitor of aggression in fish [85,86]. This present
study raises the potential of using tactile stimulation as a way to mitigate the negative effects of social
aggressive interactions on Nile tilapia and other fish species.
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5.3. Environment Color

Fish have photoreceptor cones in their eyes, which give them color vision [87,88], and allow
them to discriminate between different colors in the environment [89]. The most common methods
for studying the effects of the colors of the environment are through testing different background
colors [90] or applying colors to the environment [91]. A red environment, for example, stimulates food
intake but not growth [92], whereas a blue environment is efficient to improve reproduction in Nile
tilapia [93]. Additionally, a blue environment influences Nile tilapia’s HPI axis, since isolated fish show
lower cortisol levels after a confinement stress [94]. Maia and Volpato [91] also demonstrated that a
blue lighted environment prevents the increase in the ventilatory frequency in confined fish. Although
how the color of the environment will affect Nile tilapia’s social aggressive behavior is not available
in the literature, we assume that this could be a way to reduce the detrimental effects of aggressive
interactions, since the blue color reduces stress levels in Nile tilapia.

5.4. Preference Tests

Naturally Nile tilapia’s welfare is not limited to their social aggressive behavior. Even though it is
not so easy to reduce this inherent individual stressor, it is possible to adopt several measures upon fish
behavior. Preference tests, for instance, are widely used to promote better animal welfare; through them,
we know what an animal wants regardless of physiological indicators [95-97]. By knowing what
animals prefer, we can shape the environment by providing the preferred items and therefore,
increase the fish welfare level. However, preference tests should be carried out under several conditions,
taking into account successive choices among several items, and keeping in mind that preference may
vary from individual to individual and over time [89,95]).

Some preference tests were carried out with Nile tilapia over the last years. For example,
Luchiari et al. [98] demonstrated that individuals prefer to access places lit by yellow light rather
than red, green, blue, or white light. However, a recent study conducted by Maia and Volpato [99]
showed that it takes at least 10 days of testing to find the color preference for this species, green and
blue being the most preferred colors in the population. Another study assessing the motivation of
Nile tilapia to access places with distinct colors also showed that they were less motivated to access
yellow and red, but were more motivated to access green and blue [89]. Few individuals prefer yellow,
which reinforces individual preference in such tests [89].

Mendonga et al. [100] showed that Nile tilapia males chose to make their nests in sand substrate
when compared to other substrates such as stones; this indicates that the weight and structure
of the substrate is evaluated by fish. Furthermore, Freitas and Volpato [101] tested different
substrates granulometry and also demonstrated that tilapia individuals prefer small-grained substrates.
This preference was more consistent during the morning period than the afternoon, proving the
relevance of the period of the day. As we can see, preference tests are still scarce to evaluate Nile tilapia
welfare. Further research is needed to understand how preferences could be associated to aggressive
interactions and if such preferences are capable of reducing their consequent detrimental effects.

6. Concluding Remarks

Several studies regarding the welfare in Nile tilapia consider growth, stress, and reproduction.
However, some of the problems found in aquaculture and the welfare of tilapia are, in fact,
consequences of their social interactions. It is necessary to keep in mind that social aggressive
interactions depend on the external environment, as well as on fish communication, and social
environment, which includes information and response from other individuals in a group (Figure 2).
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Figure 2. Summary of factors in artificial environment that would affect Nile tilapia’s social
behavior. For instance, light intensity, color, water renewal, grading for size, stocking density, and any
other management that directly affects social communication. When such changes increase aggressive
interactions, the welfare will be impaired by increased social stress levels and other effects from fighting,
such as body injuries and very high energy expenditure. In summary, everything that affects social
environment will affect welfare as well.

What is necessary therefore to know about social behavior in order to deal with Nile tilapia

welfare? The main points are listed here:

1.

Knowing communication channels and their role as social signaling to keep a good environment
for social communication. Lack of information on social rank will increase aggressive interactions.
The dynamics of social interaction, including information regarding the adaptive value of such
behavior (e.g., fighting ability). In this sense, grading to gather same sized fish will group together
individuals with the same fighting abilities. The consequence will be increased aggressions and,
certainly, mortality will be higher than that already considered during fish management.
Factors affecting aggressiveness (such as environment lighting and color) and physiological
control, both neural and hormonal, of individual aggressiveness. Adequate control on such
variables will help not to exaggerate the effects from aggressiveness.

Strategies to counteract aggressive behaviors, such as body tactile stimulation, which will
increase welfare and health in several ways. This is still a developing possibility for fish keeping
and aquaculture.
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