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ABSTRACT

We tested the effect of social isolation on the aggressiveness of an Amazonian fish: Astronotus ocellatus. 
Ten juvenile fishes were transferred from a group aquarium (60 x 60 x 40 cm) containing 15 individuals 
(without distinguishing sex) to an isolation aquarium (50 x 40 x 40 cm). Aggressiveness was tested by 
means of attacks on and displays toward the mirror image. The behavior was video-recorded for 10 min at a 
time on 4 occasions: at 30 min, 1 day, 5 days and 15 days after isolation. The aggressive drive was analyzed 
in three ways: latency to display agonistic behavior, frequency of attacks and specific attacks toward the 
mirror image. The latency to attack decreased during isolation, but the frequency of mouth fighting (a high 
aggressive attack) tended to increase, indicating an augmented aggressive drive. Our findings are congruent 
with the behavior of the juvenile cichlid, Haplochromis burtoni but differ from the behavior observed in 
another cichlid, Pterophylum scalare.  Increased aggressiveness in A. ocellatus may be mediated by means 
of the primer effect, the effect of prior residence or processes involving recognition of a conspecific.  
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RESUMO

Isolamento social e agressividade em juvenis do peixe amazônico Astronotus ocellatus

Testamos o efeito do isolamento social sobre a agressividade no peixe amazônico, Astronotus ocellatus. Dez 
peixes juvenis foram transferidos de um aquário de agrupamento (60 x 60 x 40 cm) contendo 15 indivíduos 
(sem discriminação de sexo) para um aquário de isolamento (50 x 40 x 40 cm). A agressividade foi testada 
por meio de ataques e exibições direcionadas à imagem do peixe no espelho. O comportamento foi filmado 
durante 10 min em 4 momentos:  30 min, 1 dia, 5 dias e 15 dias após o isolamento. Nós analisamos a 
motivação agressiva por meio da latência para início do comportamento agonístico e pela freqüência dos 
ataques totais e específicos direcionados ao espelho. A latência para o comportamento agonístico reduziu 
ao longo do isolamento e houve uma tendência de aumento da freqüência de “mouth fighting” (um ataque 
de alta intensidade de agressão), mostrando-nos um aumento na motivação agressiva. Os resultados estão 
de acordo com os encontrados para ciclídeos juvenís de Haplochromis burtoni, mas discordam com os 
encontrados para Pterophylum scalare (acará bandeira). Sugerimos que o aumento da agressividade em 
A. ocellatus pode ser mediado pelo efeito de exposição prévia, da residência prévia ou por processos 
envolvendo reconhecimento de co-específicos. 

Palavras-chave: lutas, interação agonística, teste do espelho, ciclídeo, oscar.
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InTROdUCTIOn

Aggressive interactions are part of the social 
behavior of animals and are a route to successful 
competition for limited resources. Several variables 
can affect aggressive drive in fishes, such as prior 
residence (Figler & Einhorn, 1983), dominance 
or subordination experience (Nelissen & Andries, 
1988), levels of androgens (Munro & Pitcher, 1983) 
and social isolation (Gómez-Laplaza & Morgan, 
2000). With regard to the latter factor, there are 
diverse effects depending on the species, isolation 
period and other social organization-related factors. 
For example, Franck & Wilhelmi (1973) found an 
increase in the duration of fighting and modification 
of the agonistic profile in Xiphophorus helleri 
after 14 days of isolation. However, after longer 
isolation (4 weeks), Franck et al. (1985) recorded a 
reduction in the aggressive motivation in the same 
species. Hinkel & Maier (1974) found increased 
aggressiveness in Betta splendens only after 72 h 
of social deprivation. They also found a reduction 
of the latency for attacks and an increase in the time 
spent on attacks against the fish’s mirror image.

Cichlid fishes can also display varied 
responses. In Haplochromis burtoni, for example, 
social isolation increases aggressiveness over 
short periods, but this effect is diminished over 
longer periods (Fernö, 1978). Moreover, the 
angelfish, Pterophylum scalare, does not alter its 
aggressiveness when isolated for short periods 
(Gómez-Laplaza & Morgan, 1993). This theme 
was revised by Gómez-Laplaza & Morgan (2000) 
for teleost fishes.

The oscar, Astronotus ocellatus, is a cichlid 
fish that establishes a dominance hierarchy and 
defends territory (Beeching, 1997), and is a species 
of great interest for ornamental purposes. Aquarists 
consider it a very aggressive fish, so it is commonly 
found in isolation in pet shops. We aimed to study the 
effect of short isolation times on the aggressiveness 
of juvenile Astronotus ocellatus to understand the 
factors that modulate their aggressive behavior. Our 
choice also fell on the oscar because it is one of 
several ornamental species sold in the Amazonian 
region. In this context, the Aquaculture Center 
of UNESP (CAUNESP, Brazil) has encouraged 
a variety of researches on Brazilian ornamental 
fishes.

We tested the aggressiveness of juveniles 
Astronotus ocellatus from the Aquaculture Center 
of UNESP (CAUNESP), Jaboticabal, SP. The fish 
were kept in a 60 x 60 x 40 cm grouping aquarium 
(15 fish/140 L) for a 4-month acclimation period 
during which time we observed no fighting among 
them. In this phase, the water temperature averaged 
25-27 °C, the photoperiod was 12 L:12 D and the 
fish were fed ad libitum twice a day with special 
food for cichlid fishes. A biological filter was used 
to ensure good water quality. Also, the aquarium 
was siphoned off once a week to remove leftovers 
and feces from the bottom. Half the water was 
recycled at this time. The study was conducted 
at the Animal Behavior Laboratory of IBILCE, 
UNESP.

The general design consisted of isolating 
fish during 15 days and testing aggressiveness on 
4 different occasions during this period. To this 
end, we used juveniles (without distinguishing 
sexes) 5.99 ± 0.62 cm SL long, weighing 
8.98 ± 2.64 g (n = 10). The fish were caught in the 
grouping aquarium, anesthetized with benzocaine 
(2:5,000) and isolated in a 50 x 40 x 40 cm 
aquarium with a gravel bottom and a biological 
filter. The water temperature averaged 27 ± 1.5 °C 
and the photoperiod was 12 L:12 D. The right 
and back walls of each aquarium were covered 
with blue cards to prevent visual contact between 
neighboring fish. Blue was chosen due to its stress-
reducing effect on fish (Volpato & Barreto, 2001). 
The left wall was left free for mirror presentation 
and the front was for behavioral recording. The fish 
were fed ad libitum mornings and afternoons with 
special food for cichlid fish.

Aggressiveness was evaluated based on 
the fishes’ attacks and aggressive displays to a 
mirror, as described by Hinkel & Maier (1974) 
and Franck et al. (1985). The mirror image test 
is an experimental paradigm used to study social 
deprivation in fishes, and although this paradigm 
has been criticized (see Gómez-Laplaza & Morgan, 
1993), it is a valid method to measure aggressive 
motivation in cichlids and salmonids (Holder et al, 
1991). The mirror test barely resembles the natural 
condition of agonistic interaction. However, the 
condition is more standardized, since the image is 
of the same size and behaves in the same way as the 
aggressor (Franck et al., 1985), thus avoiding varied 
effects of the opponent on the aggressor’s response.
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The mirror was presented to the animal on 4 
occasions: 30 min (Day-0), 24 h (Day-1), 5 days 
(Day-5) and 15 days (Day-15) after isolation, 
and video-recorded the fish’s behavior for 10 
min each time. The timing of these periods was 
chosen in order to compare the evolution of 
behavioral response over time. The two first 
occasions were considered the control condition, 
in which individuals may show no effect of social 
deprivation. The third occasion was considered a 
short-term isolation, and the fourth a long-term 
isolation, similar to those applied by Fernö (1978) 
on the juvenile cichlid Haplochromis burtoni (in 
that case, the fish was studied from 15 min to 
12 days of social deprivation).

We drew up an ethogram of agonistic behavior 
based on Baerends & Baerends-Van Roon’s 
(1950) descriptions of agonistic interactions in 
cichlids. Aggressiveness was defined based on the 
frequency of attacks on and aggressive displays 
toward the mirror, and also by the latency to start 
such behavior.

We observed 4 types of aggressive events 
displayed to the mirror: 

• Mouth Fighting: The fish touches and pushes 
the mirror with its mouth, swimming up and 
down while undulating its body; 

• Butting: the fish approaches the mirror and 
touches it quickly with its mouth; 

• Tail Beating: The fish hovers parallel to the 
mirror and undulates its body, beating its tail 
against the glass. This behavior can occur 
with the mouth in a horizontal position or 
pointing towards the substrate; 

• Frontal display: The fish faces its image in 
the mirror, undulating its body and swimming 
up and down a few centimeters away from 
the mirror; and

• We considered the Total Fighting as the sum 
of all agonistic events.
Fishes were killed with an overdose of 

benzocaine at the end of the isolation period and 
dissected to check the developmental stage of their 
gonads. 

The outlier values were removed before the 
statistical tests were conducted (Volpato, 2001). 
The normality of the data was then tested by Shapiro 
Wilk’s test (Zar, 1999). Since normality was not 
detected, we analyzed the frequency of agonistic 
behaviors and the latency by Friedmann’s ANOVA 

completed with Tukey’s post hoc test (Zar, 1999), 
considering p < 0.05 for statistical significance.

Because no contests were observed on 
Day-0, we analyzed only the remaining three 
days. Friedman’s ANOVA indicated no significant 
differences for Total Fighting, Butting, Tail Beating 
and Frontal Display frequencies (P = 0.08; Fig. 1). 
However, a tendency was found for increasing 
frequency of mouth fighting. In this case, Tukey’s 
comparison indicated p = 0.06 from Day-1 to 
Day-15 (Fig. 1).

The latency for starting attacks decreased 
over the 15 days (Friedman ANOVA, p = 0.028; 
Fig. 2). According to Tukey’s test comparison, the 
difference was significant from Day-1 to Day-15 
(p = 0.014) but did not differ on the other days 
(p > 0.20).

Macroscopic analyses of gonads revealed 
the immaturity of all the tested fish. The gonads 
were so thin that it was impossible to ascertain the 
sex of the animals, which confirmed the fish were 
juveniles.

No attacks occurred on Day-0 and the animals 
lay on their sides at the bottom of the aquaria. 
Although this behavior resembles “resting”, as 
described by Baerends & Baerends-Van Roon 
(1950), it could be considered a stress indicator in 
this species because immobility can be associated 
with a typical fright reaction reported for other 
fishes (e.g., Barlow et al., 1986; Gómez-Laplaza 
& Morgan, 1986). According to Gómez-Laplaza 
& Morgan (1993; 2000), patterns of aggressive 
behavior may be influenced by transfer effect, as 
described for Pterophylum scalare, which showed 
reduced aggressiveness after being transferred 
from one aquarium to another (Gómez-Laplaza 
& Morgan, 1993). Thus, we concluded that the 
absence of aggression and the reduced activity on 
Day-0 of our study were caused by handling-related 
stress during the transfer from grouping to isolating 
aquaria.

The frequency of total fighting displayed 
to the mirror image did not change during 
isolation (Fig. 1) and did not indicate increased 
aggressiveness. However, a detailed analysis of 
specific types of aggressive behavior revealed 
no significant changes in the behavior, but an 
increasing tendency for mouth fighting, which 
seems to be the most aggressive behavior exhibited 
by the oscar (Fig. 1). 
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Fig. 2 — Mean latency (± sd) to start agonistic behavior toward the mirror image. Bars with the same letters have no statistical 
difference (Friedman ANOVA completed with Tukey post hoc test). Outlier is indicated with an asterisk.
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Fig. 1 — Mean Frequency (± sd) of agonistic behaviors toward the mirror image. There was no significant difference during 
the period of isolation (Friedman ANOVA). However, an increasing tendency was detected for mouth fighting. Outliers are 
indicated with an asterisk.
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Gómez-Laplaza & Morgan (1993) considered 
High Intensity Attack (HIA) and Low Intensity 
Attack (LIA) for Pterophylum scalare juveniles. 
Although their definition was based on the behavior 
of the aggressor and the recipient (while we have 
only the aggressor), we considered mouth fighting 
a High Intensity Attack because it lasts longer than 
do the other behavioral units and is carried out 
while swimming rapidly toward the mirror image. 
Thus, we considered this increasing tendency in 
mouth fighting frequency an indicator of increasing 
aggressiveness in A. ocellatus.

Although we found no significant differences 
in behavioral frequency, the latency to attack the 
mirror image decreased significantly over time 
during the period of isolation (Fig. 2). Reduced 
latency indicates increased aggressiveness, as 
observed for Cichlasoma nigrofasciatum (Figler 
et al., 1986). Moreover, Fernö (1978) found an 
increased latency to fight in Haplochromis burtoni 
after 3 days of isolation, which was associated 
with a reduced aggressive drive, confirming that 
aggressive motivation can be adequately inferred 
from this parameter.

We found that social isolation increases 
aggressive drive in oscars, but this finding is not 
congruent with other studies. Gómez-Laplaza 
& Morgan (1986; 1993) found no increased 
aggressiveness after either 4 or 10 days of isolation 
in juvenile cichlid Pterophylum scalare. These 
authors concluded that juvenile cichlid fish kept 
in isolation are less likely to behave aggressively, 
at least during a few days of social deprivation. 
However, that is not the case with oscars, which 
seem more aggressive than Pterophylum scalare 
since latency for fighting decline over the 15 days 
in social isolation. 

According to Goldenbogen (1977) apud 
Gómez-Laplaza & Morgan (2000), H. burtoni 
juveniles also increase aggressiveness in response 
to social isolation. However, the aggressiveness of 
adults of such species declines after three days of 
isolation (Fernö, 1978) indicating the effect of the 
development stage in this condition.

No agonistic interaction was observed among 
the tested fish when they were reared together in 
the grouping aquarium. Thus, social deprivation 
really stimulated aggression in Oscars, which 
continued to increase up to day 15 of isolation, 
when it reached its peak (Figs. 1 and 2). 

There may be several explanations for 
this result. Firstly, the mirror image may have 
worked as a primer in the oscar, as observed in 
Betta splendens (Halperin et al., 1992). In that 
study, the authors showed a fish-model at 2-min 
intervals every 2 days for 3 weeks. Although the 
oscar was not overexposed to its mirror image 
and remained in complete isolation during the 
ten final days (between Day-5 and Day-15), we 
do not discard the possibility of a priming effect 
causing augmented aggressiveness. Secondly, it is 
possible that fishes that grow up together recognize 
each other and do not fight, at least not before they 
reach sexual maturity. Some studies demonstrated 
that individual recognition plays an important role 
in reducing aggression in contests of adult and 
juvenile fishes (e.g., Giaquinto & Volpato, 1997; 
Johnsson, 1997). Moreover, visual and chemical 
information is necessary to complete recognition 
of social status in juvenile Nile tilapia (Giaquinto 
& Volpato, 1997). Thus, the mirror image may 
also give the oscar some incomplete information 
about the “opponent”, since there is no chemical 
communication between the “combatants”, 
stimulating continuous attacks from the aggressor. 
Thirdly, probably a prior residence effect occurred 
(e.g., Figler & Einhorn, 1983; Figler et al., 1986; 
Turner, 1994), which can be established through 
isolation in many cichlids. An increased level of 
aggression in the absence of competitors may be 
advantageous because it increases the chance to 
win contests against conspecific intruders (Gómez-
Laplaza & Morgan, 2000). Moreover, similar size 
between the “combatants” produces a symmetrical 
contest that increases aggression in A. ocellatus 
(Beeching, 1992). This fact and prior residence can 
keep aggressiveness high (Turner, 1994).

Sex hormones, which can affect aggressive-
ness in fish (Munro & Pitcher, 1983), probably 
had no effect on the behavior of these oscars since 
they were juveniles, as confirmed by macroscopic 
analysis of the gonads. In short, this study 
showed that long-term social isolation increases 
aggressiveness in juvenile A. ocellatus, and that not 
all cichlids display a similar effect. Priming effect, 
residence effect and recognition of the opponent 
are cues that can govern this behavior. 
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