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Environmental enrichment reduces aggression of pearl cichlid,

Geophagus brasiliensis, during resident-intruder interactions

Vivian Oliveira Kadry1 and Rodrigo Egydio Barreto1,2

Among fishes, when residents and intruders fight, residents usually win, most likely because they value the residence more
than intruders. We hypothesized that enriched environments increase the value of an area in dispute, causing a resident to
more fiercely defend a resource-rich environment than a poor one. However, in the present study, intruder-resident tests with
the pearl cichlid, Geophagus brasiliensis, showed environmental enrichment actually reduces aggression and can even lead to
co-habitation without fighting. Additionally, in our experiments, the prior residence effect occurred irrespective of enrichment
condition. Decreased visibility from increased habitat complexity reduces interactions between fish and consequently might
explain the lower aggression observed herein.

Em lutas entre peixes residentes e intrusos, residentes geralmente vencem, provavelmente porque valorizam o território mais do
que os intrusos. Nós aventamos a hipótese de que ambientes enriquecidos aumentam o valor da área em disputa, levando os
residentes a defenderem mais violentamente ambientes enriquecidos de recursos do que ambientes empobrecidos, pois
possuiriam mais motivação para mantê-lo. No entanto, no presente estudo, ao testarmos as interações entre intrusos e residentes
em acarás, Geophagus brasiliensis, observamos que o enriquecimento ambiental reduz a agressividade e pode levar a co-
habitação entre os peixes, sem luta. Adicionalmente, em nossos experimentos, o efeito da residência prévia ocorreu independente
da condição de enriquecimento. A diminuição das interações entre os peixes e, consequentemente, a diminuição do nível de
agressividade é aqui atribuída aos efeitos da diminuição da visibilidade entre os peixes devido ao aumento de complexidade do
ambiente.
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Introduction

Several animal species compete for environmental
resources via aggressive interactions. When resources are
limited, individuals that are more able to hold them tend to
have short- and long-term benefits that maximize their fitness
(Alcock, 2005). Resource retention may be linked to an animal’s
ability to maintain a territory (Ridley, 1995). Animals who adjust
their aggressive behavior in defense of a specific area
(Huntingford & Turner, 1987) display territoriality, a
phenomenon described in several taxa (Krasne et al., 1997;
Bowen et al., 2008; Rosell et al., 2008; Morishita et al., 2009),
including fish (Beaugrand & Zayan, 1985; Barreto & Volpato,
2006; Watanabe, 2008). In this context, a resident animal usually
wins a fight with an intruder, probably because the resident
animal values the territory more than an intruder (Enquist &
Leimar, 1987). Thus, the resident animal has greater odds of

winning a contest because it fights more strongly for the
territory (Smith & Riechert, 1984) and/or uses its advantage
of knowing the area (Beaugrand & Zayan, 1985).

Competition for environmental resources might be also
linked to a high investment in the habitat by the resident fish
(Johnsson et al., 1999). In fact, resource-rich territories provide
many benefits (e.g. shelters, food, nesting sites). Thus, it is
plausible to conjecture that increased territory quality might
motivate more the residents so that they likely win a contest.
The increased motivation might occur in terms of increased
aggressiveness (Elwood et al., 1998; Arnott & Elwood, 2009).
We expect that an increased number of attacks against an
intruder might represent an advantage to the resident fish
since this behavior may lead to a more rapid victory/
dominance in relation to a strategy of fewer attacks over a
long period of time, in which greater energy loss and injury
risk could occur.
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The Cichlid comprehends aggressive fish species (Turner,
1994; Barreto & Volpato, 2006; Hirschenhauser et al., 2008),
in which the effect of environmental enrichment described
above we expect to occur. Nijman & Heuts (2000) found the
effect in the cichlid, Haplochromis burtoni, however without
showing an increase in aggressive interaction frequency. In
contrast, environmental enrichment actually decreases
aggression in rainbow trout (Imre et al., 2002) and brown
trout (Höjesjö et al., 2004), although these studies did not
perform tests within an owner-intruder paradigm. Accordingly,
in rainbow trout greater environmental complexity leads to
smaller individual territories, while in brown trout the
subordinate fish have more protected area in an enriched
environment. Höjesjö et al. (2004) suggested that dominant
fish likely had less visual perception of opponents from a
higher amount of enrichment-produced physical barriers and,
therefore, attacked less frequently than when the physical
barriers were absent.

Based on these above statements, we suggest that, during
a contest between resident and intruder fish, environmental
enrichment can affect the “prior resident” effect, and
consequently the level of aggression. We tested in controlled
laboratory conditions the effects of territory enrichment, in a
situation of prior residence, on fighting outcome and rate of
aggressive interaction in the pearl cichlid, Geophagus
brasiliensis (Quoy & Gaimard). This species is a good fit for
this study because resident individuals clearly exhibit territorial
defensive behavior (Paraguassú et al., 2005).

Material and Methods

Fish and holding conditions
We used juvenile (sexually immature) wild caught pearl

cichlid, Geophagus brasiliensis, a species from the
Perciformes, Cichlidae family, as our stock population. The
fish (8.2 ± 1.4 cm) were held in two tanks (without enrichment)
during 5 days of acclimation at a density of 20 fish/70-l tank.
We maintained water temperature at 28oC, provided
continuous aeration with an air stone, and used a 12L:12D
photoperiod. We fed fish commercial dry flake (48% protein,
Tetramin Tropical Flakes) two times each day, in a random
schedule, and we removed leftover food and slowly changed
at least 20 l of de-chlorinated water each day to maintain
good water quality.

Experimental Strategy
The experimental design consisted of testing fish pairs’

intraspecific aggression in either an enriched or non-enriched
environment. The previous residence paradigm was used to
warrant aggression. As familiarity decreases aggression
(Giaquinto & Volpato, 1997), resident and intruder fish were
chosen from different stock tanks. Basically, the resident fish
was maintained into the aquarium (enriched or not) for 48 h
and then a matched-size intruder was introduced and fish
interactions recorded for 15 min. For each condition, we
evaluated 8-9 pairs of fish.

Experimental procedures
We used glass aquaria (28 × 20 × 11 cm; water volume = 6 l)

in our experiments. We provided habitat enrichment into the
tank by placing two river neutral pebbles (total weight = 200 g)
and one plastic kelp model, which are similar abiotic and biotic
objects of pearl cichlid environment (Casatti & Castro, 1998).
These objects were placed as to not prevent accurate
observation. We added no objects into the non-enriched tanks.
These experimental conditions (enriched vs. bare tanks) were
based on Imre et al. (2002) and Salvanes et al. (2007). Water
temperature, aeration and photoperiod of experimental aquaria
were similar to stoke-tank holding conditions.

Mean body lengths of the resident fish were not different
between test conditions (mean ± SD; enriched condition,
7.8 ± 1.5 cm; non-enriched, 8.5 ± 1.3 cm; t = 0.98; p = 0.34;
unpaired Student’s t-test). Mean body lengths of intruders
were 7.8 ± 1.2 (enriched) and 8.5 ± 1.4 (non-enriched), and
they were not significantly different from each other (t = 1.01;
p = 0.32; unpaired Student’s t-test). Mean percentage of size
differences (± SD) between individuals of each pair (resident
+ intruder) were similar between enriched and non-enriched
conditions (3.63 ± 2.8% and 3.97 ± 2.4%, respectively; t = 0.27;
p = 0.79; unpaired Student’s t-test). Furthermore, percentages
of size differences were within a range (lower than 10%) that
avoids body size asymmetry effects on the outcome of another
cichlid fish fights (Nijman & Heuts, 2000).

We based observations of aggressive interactions
(attacks) on the ethogram of G. brasiliensis aggressive
behavior and quantified frequency of each of the follow
aggressive unit: biting  on anterior (head), tail fin, median or
ventral area; lateral fight (a sudden slap between fish bodies)
with fish oriented with the head in the same direction of the
opponent or in opposite directions; chasing or mouth
wrestling. Dominance hierarchy was identified by estimating
the dominance index: DI = fish directed attacks/total number
of aggressive interactions in the pair (Gómez-LaPlaza &
Morgan, 1993; Gonçalves-de-Freitas et al., 2008).

Statistics
A Shapiro-Wilk W test showed our data to be non-normal;

therefore, we used a Mann-Whitney U test and Goodman
Contrast test, between and within multinomial proportions
(Goodman, 1965), to compare fish from enriched and non-
enriched (control) conditions, and Wilcoxon test to compare
resident and intruder values within each condition. We
designated statistical significance at α = 0.05.

Results

While 100% (9:9) of the pairs in the non-enriched
condition fought, only 50% (4:8) of the pairs in the enriched
condition did. These proportions are statistically different
(G

observed
 = 2.83 > G

expected
 = 1.96; p < 0.05). Among the fighting

pairs, the resident won the fight in about 78% (7:2) and 75%
(3:1) of the non-enriched and enriched conditions,
respectively. These proportions are not statistically different
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(G
observed

 = 0.11 < G
expected

 = 1.96). Compared to enriched
conditions, the frequency of aggressive interactions was
higher in non-enriched conditions for both the resident (Z =
3.27, p < 0.01) and intruder (Z = 2.17, p < 0.05) (Fig. 1). In non-
enriched conditions, the frequency of directed attacks by
resident fish was statistically higher than attacks by intruders
(Z = 2.07, p < 0.05), but we found no differences in the enriched
condition (Z = 1.10, p = 0.27) (Fig. 1).

not increase the probability that a pearl cichlid will dominate
and that the observed effect is most likely due to prior
residence.

In this study, increased territory quality either induced
less fighting or more co-habitation without fighting.
Territorial enrichment with physical barriers such as kelp
models and pebbles can cause fish to have smaller
individual territories with less visibility of surrounding
habitat (Imre et al., 2002; Höjesjö et al., 2004). We suggest
that reduced visibility of territory could increase energetic
costs for resident animals when they attack an intruder
and, thus, fish in this situation would either decrease
aggressive interactions or choose co-habitation as their
best strategy. We believe that this idea is plausible because
in another type of vertebrate (lizards, Anolis aeneus), when
cover in complex habitats is available, the subordinate
individuals retreat from interactions with dominants,
lowering their likelihood of being chased away (Stamps,
1984). Environmental enrichment also reduces fitness of
aggressive dominant brown trout in comparison to
subordinates (Höjesjö et al., 2004). In the present study,
the higher attacks of the intruder fish as compared with
intruders into the enriched environment reinforce that
lower probability of viewing the opponent should have
mediated effects of environmental enrichment on
aggressive interactions. This supports that enrichment in
terms of a valuable resource for the resident fish was not a
strong explanation in this study.
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Discussion

The resident-intruder paradigm has been described in
several taxa (Krasne et al., 1997; Bowen et al., 2008; Rosell et
al., 2008; Morishita et al., 2009), including fish (Beaugrand &
Zayan, 1985; Barreto & Volpato, 2006; Watanabe, 2008). In
this study, the pearl cichlids reinforce this paradigm
irrespective of enrichment condition. The environmental
enrichment condition, however, decreased aggression level
(number of pairs engaged in fights and frequency of
aggressive interactions).

Resident animals fight more strongly for territories that
provide higher benefits of shelter, food and nest sites, to
name a few, than for territories with less benefits (Alcock,
2005; Tizo-Pedroso & Del-Claro, 2007; Contreras-Garduno et
al., 2008). Nijman & Heuts (2000) showed that resident fish
(including the cichlid, H. burtoni) win more fights, and become
the dominant fish, more frequently when reared in an enriched
environment, absent of greater aggressiveness. In this study,
when pairs fought, the resident fish tended to be dominant at
a statistically similar rate as the intruder, irrespective of
environmental complexity. This indicates that enrichment does
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