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Reproductive behavior and parental roles of the

cichlid fish Laetacara araguaiae

Fabricio Barreto Teresa' and Eliane Gongalves-de-Freitas?

We described the reproductive behavior of the small South American cichlid Laetacara araguaiae in streams from Brazil. We
predicted that this species will show reproductive cooperation and division of labor between males and females in a similar way
presented by other substrate-spawner cichlids. Thus, we studied 34 pairs in the pre-spawning (n = 11), egg/wriggler (n=11)
and fry (n = 12) phases. In the pre-spawning phase both sexes become involved in nest building and territorial defense, but
females emphasizes building nest (p = 0.03), while males invest more time in territorial defense (p = 0.04). After spawning, male
and female alternate between rearing eggs and defending nest in the territory. In the egg/wriggler phase females devotes more
time rearing the brood while males remain defending territory (p =0.02). These differences disappear when young are in the fry
stage, and parents jointly stay closer to fry (p = 0.98). However, at this phase, there is a reduction in the frequency of threats
shown by males (p<0.01) and an increase in the frequency of attacks shown by female (p<0.01) that could be a response to an
increased demand for parental defense. Our results indicate that the reproductive cooperation between males and females of
L. araguaiae is marked by division of labor in the early reproductive phases and by sharing of parental duties as brood
develops.

Descrevemos o comportamento reprodutivo do pequeno ciclideo sul-americano Laetacara araguaiae em riachos do Brasil.
Predizemos que essa espécie apresenta cooperagao reprodutiva e divisao de trabalho entre machos e fémeas, como ocorre em
outras espécies de ciclideos substrate-spawners. Assim, estudamos 34 casais nas fases pré-acasalamento (n = 11), ovo/larva
(n=11) e prole natante (n = 12). Na fase pré-acasalamento ambos os sexos envolvem-se na constru¢do de ninhos e na defesa
territorial, mas as fémeas enfatizam a construgdo de ninho (p = 0,03), enquanto os machos investem mais na defesa do territorio
(p =0,04). Apds a desova, machos e fémeas alternam entre a manuteng@o dos ovos e a defesa do ninho. Na fase ovo/larva as
fémeas despendem mais tempo em atividades de manutencio da prole, enquanto os machos investem mais na defesa do
territorio (p = 0,02). Essas diferengas desaparecem quando a prole atinge o estagio natante com ambos os pais permanecendo
proximos aos filhotes (p = 0,98). Entretanto, ha uma reducdo na frequéncia de ameacas emitidas pelos machos (p<0,01) e um
aumento na frequéncia de ataques emitidos pelas fémeas nessa fase (p<0,01), o que poderia ser uma resposta ao aumento da
demanda por defesa da prole. Nossos resultados indicam que a cooperagdo reprodutiva entre machos e fémeas de L. araguaiae
¢é representada pela divisdo de fungdes nas primeiras fases reprodutivas, seguida pelo compartilhamento de tarefas parentais
a medida que a prole se desenvolve.
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Introduction

Reproductive strategies are highly variable among
fishes, especially in the Cichlidae (Lowe-McConnell, 1969;
Fryer & Iles, 1972). These fish are known for their complex
reproductive behavior, with different mating system that
encompass territorial defense, elaborate mechanisms of mate
choice and prolonged parental care (e.g., Barlow, 1974, 2000;
Ripley & Lobel, 2005; Balshine & Buston, 2008; Khoda et
al., 2009). Among Neotropical cichlids, monogamy and
biparental care are the most common strategies (Keenleyside,
1991), which involves male and female cooperation over the
reproductive cycle (Timms & Keenleyside, 1975;
Keenleyside & Bietz, 1981; Snekser & Itzkowitz, 2009), a
less widespread behavior among teleost fishes (Balshine &
Buston, 2008).

Cooperation may occur based on division of labor, mainly
in the first reproductive phases (Barlow, 1974; Rogers, 1988),
with females investing more time rearing brood while males
invest more time in the territorial defense. These differences
tend to reduce or disappear with brood development (Barlow,
1974; Neil, 1984; Keenleyside, 1991). The exchange of parental
roles allow parents to alternate vigilance/feeding activities
(Ward & Samarakoon, 1981) and as a consequence, keep better
health conditions (Perrone & Zaret, 1979). Moreover, parental
duty coordination also provides more effective defense of
the offspring against predators (Nagoshi, 1987).

The parental roles may also be variable along reproductive
phases and even within the same species, depending on the
several factors such as brood development stage, number
and proximity of potential predators, relative size between
parents and sex ratio (Keenleyside et al., 1990; Itzkowitz et
al., 2005; Richter et al., 2005). The variation is probably
underestimated because the breadth of the behavioral
diversity exhibited for Neotropical cichlids is neglected. This
is evident among South American cichlids, whose registers
of behavior are scarce (but see Yamamoto et al., 1999; Cacho
et al.,2006; Rodrigues et al., 2009) in comparison with African
cichlids (e.g., Barlow, 2000).

The genus Laetacara is an example of the limited
knowledge about behavior of the South American cichlids.
This genus has six species and there is no information about
behavior for any of them. Laetacara araguaiae is a recently
described species, being abundant especially in physically
degraded streams (Casatti ef al., 2006). Because of the ease
of watching the species in such degraded habitats, it could
be a good model for environmental studies and also to better
understand cooperative behavior in fish. In this study we
provide the description of the reproductive behavior of L.
araguaiae and evaluate if this species presents division of
parental roles. More specifically, the following main
questions were addressed: (i) How are the behavioral
patterns exhibited by parents along the reproductive
phases? (ii) Are there qualitative and/or quantitative
differences in the parental behavior related to sex of parents
and/or to reproductive phases? As a substrate-spawner
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cichlid, we predicted that L. araguaiae shows some degree
of labor division related to male and female reproductive
roles. Additionally, as sex related differences in the profile
of agonistic behaviors may emerge during parental care
(Itzkowitz, 1985), we also predicted that this behavior can
be showed in different ways over the reproductive cycle in
males and females of L. araguaiae.

Material and Methods

Study site and the species

The study was conducted in two first order streams
located in the Vitoria Brasil and Dolcindpolis Municipalities,
northwest of Sdo Paulo State, Brazil (20°10°05.7”S
50°29°49.9”W and 20°09°38.2”"S 50°32°02.6”"W, respectively).
Both environments are silted shallow waters inserted in
pasture matrix, with deforested banks, which are composed
predominantly by grasses. These sites were chosen because
water transparency facilitates observation from banks.

Laetacara araguaiae is a small cichlid species (Fig. 1)
recently described from Araguaia drainage (Ottoni & Costa,
2009), but has been also collected in streams from upper Parana
River. It lives in marginal shallow slow waters of streams and
rivers (Casatti et al., 2006; Souza-Filho & Casatti, 2010) and
pairs in reproductive activities are easily observed from banks.

Adult fish were previously sampled to check size and sex
(by macroscopic inspection of gonads). Males were always
the largest member of the pair (mean + SD: Males = length:
5.78+0.42cm,n=17; Females =4.83+0.38 cm,n=17).

Behavioral records

Field observations were done in spring and early summer,
from September/2005 to January/2006 and in October/2006.
Pairs bonding were located during slow walking along banks
and the larger individual of the pair was, then, assumed to be
the male.

In a first step we described the reproductive behavior by
observing 54 h of ad libitum sampling (Altmann, 1974) (n =
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Fig. 1. A pair of Laetacara araguaiae with fry (arrows). The
largest fish is the male. Photo: Elias F. Lopes de Freitas.
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23 pairs). In a second step, the male and female parental
behavior was studied to test the prediction of male and female
division of labor along the reproductive period featured by
three phases: pre-spawning, egg/wriggler, and fry. We
recorded the frequency of aggressive acts showed by male
and female during territorial and brood defense, the frequency
of digging behavior during nesting, and the time spent near
of brood (less than a fish’s body length distance from the
brood).

Male and female behavior was quantified by focal animal
sampling (Altmann, 1974) (15 min sessions) in the pre-
spawning (n = 11), egg/wriggler (n = 11) and fry (n = 12)
reproductive phases. Behavior was recorded in an audio
portable recorder device. Frequency of nest digging and
agonistic interactions were quantified according to the
ethograms described in the first observation phase. As sex
related differences in the profile of agonistic behaviors may
exist during parental care (Itzkowitz, 1985), the agonistic profile
over reproductive cycle was also evaluated. Behavioral units
were grouped according to the gradient of aggressiveness.
Acts involving direct physical contact were referred to as
“attacks” and acts with no physical contact were referred to
as “threats”.

Data analysis

Shapiro-Wilk’s test was used to assess data normality
and Fmax for homoscedasticity (Zar, 1999). Parametric and
non-parametric analyses were applied accordingly. We
compared the frequency of agonistic acts and the time spent
near the brood between sexes and among reproductive phases
by using a two-way ANOVA. In this case, data were previously
transformed to ((x + 0.5)*). As parents can modulate each
other’s behavior (Itzkowitz ef al., 2003), we treated sex as a
repeated measure.

Because ANOVA assumptions of normality and
homoscedasticity were violated, nonparametric tests were
carried out to analyze agonistic behavior and also digging
behavior. Thus, we used a Wilcoxon signed-rank test to
compare agonistic acts showed between sexes and the
Kruskall-Wallis completed with Dunn post hoc test (Zar, 1999)
to analyze differences among reproductive phases for each
sex. The nest digging behavior was compared between sexes
by Wilcoxon signed-rank test (Zar, 1999).

Results

Qualitative description of reproductive behavior repertoire
Pair formation

The establishment of territory by males preceded pair
formation. Adult males established territories and defended
them with attacks and threats against intruder fish, especially
of conspecific ones. Each male was observed defending only
one territory. Pairs were assumed to be formed when female
also engaged in territorial defense. After that, male and female
alternated among courtship behaviors, nest digging and
territorial defense.
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Territorial defense

After the pair formation, the territory was defended by
both parents. Male and female alternated patrolling around
territory, repelling intruder fish by using the following
agonistic acts:

Threats

1. Opercular opening: a fish approach to another with the
head directed to it and spread down the branchiostegal
membrane. A more aggressive posture may be adopted by
curling the body laterally, with the fish assuming a “S” shape
of the body.

2. Lateral threat: a fish approaches to an opponent, shows
its body laterally and spreads its fins. This behavioral act
may also be performed with opercular opening.

3. Simultaneous frontal threat: two fish face each other
and may partially open the operculae. They may remain in
this position even though far apart (~600 mm).

Attacks

4. Lateral attack: a fish approaches and beats with its mouth
opened on the opponent’s body.

5. Mouth fighting: two fish approach each other with
mouth opened and touch or bite their jaws. This behavior
stops immediately after mouth contact, but in some cases it
can lasts about a minute.

6. Undulation: the fish performs antero-posterior waving
of the body at the side of the opponent.

7. Chasing: the fish swims toward the opponent, which
swims in an opposite direction.

Territorial fish repelled conspecifics and also
heterospecifics from the territory. Contests with conspecifics
usually follow a sequence, beginning with simultaneous
frontal threat. Thereafter, fish usually alternated between
opercular opening and lateral threats. Contests ended when
one of the opponents retreated or escalated aggressive
interactions, showing lateral attacks and frontal confrontation.

Nest building

Males and females built circular nests (50 to 100 mm of
diameter) inside the territory on the sand bottom in shallow
waters near roots or macrophyte leaves. Nests were used as
a spawning site and also for care of egg and wriggler stages
of the brood. At the beginning, the pairs dug several nests
(two to four), but spawning occurred only in one of them. We
observed, in some cases, parental fish moving brood to
another previously built nest.

The digging behavior to build nest included two
behavioral acts:

1. Mouth digging: Fish dig the substrate, catching
substrate particles with its mouth and releasing them at the
edge of the nest.

2. Undulation digging: The ventral portion of the body is
pressed against the substrate as the fish moves forward with
fast tail beating and body undulations causing dispersion of
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the substrate. This was the more frequent behavioral unit of
nest digging.

Courtship

Courtship begins near or within the nest and ends with
spawning. We observed three courtship behavioral acts
performed by both male and female:

1. Lateral display: fish spread totally or partially its dorsal
and anal fins, exposing the lateral portion of the body toward
to the mate.

2. Quivering: fish performing repeated short and quick
body undulations when near to the mate.

3. Quivering with tail beating: male and female side by
side spread their fins and assume an “S” shape body posture
with their head turned away from the mate. This posture is
showed while fish quiver their bodies and beat their tail against
each other. These movements occur repeatedly and can be
showed by one or both mates simultaneously.

Spawning

The pair’s behavior was synchronized during spawning.
The female followed a circular path, pressed the belly against
the substrate and vibrated the posterior portion of the body
when entering in the nest. During these movements, female
released the adhesive oocytes. Thereafter, the male entered
in the nest performing similar movements to those of the
female, but with the body farther from the substrate, passing
over of the oocytes, apparently releasing sperm. Male and
female alternated the entering in the nest, and rarely did it
simultaneously. All spawning observed occurred between
04:30 and 07:00 pm (n =4) and lasted about an hour.

Brood caring
Egg/wriggler rearing

The brood remained in the nest during egg and wriggler
development stage. In this phase the most common behavior
performed by parents were fanning and cleaning, which
ceased when the offspring began to swim freely.

1. Fanning: one parent moves its pectoral and pelvic fins
near the brood, apparently improving water flow to them.

2. Cleaning: parents remove odd particles out of the nest
by mouth.

Egg/wriggler defense

One parent remained close to the offspring while the other
patrolled the boundaries of the territory, repelling intruder
fish by agonistic behavior (as described in the pre-spawning
phase). The brood defense was alternated with rearing
activities by male and female.

Fry defense

When the offspring began to swim freely and to move
through the territory, the pair remained closer to it and started
to defend a smaller space around. This phase lasted about 4
weeks, during which the family moved slowly around the
territory and its surroundings, usually along the banks of the
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stream in places with high density of macrophytes. The fry
formed shoals and foraged on the substrate. During this phase,
the parents moved away from them only to attack another
approaching fish.

Parental roles

In the pre-spawning phase, the pair engaged in courtship
activities, nest building and territorial defense. Females
exhibited higher frequency of nest digging behavior than the
males did (Wilcoxon signed-rank test, Z=-2.11, p=0.03, Fig. 2).

There was significant interaction between reproductive
phase and sex (F ,, =6.84,p=0.017, Fig. 3), considering time
spent near of the offspring. Females remained near the egg/
wriggler longer than males (Tukey post hoc test, p =0.017,
Fig. 3). However, this difference between sexes was not
observed in the fry phase (p = 0.98). In this case, both males
and females remained with the offspring longer than in the
early phases (p<0.001, Fig. 3).

We observed significant interaction between reproductive
phase and sex for the total of agonistic acts (F(2,31) =497,p=
0.013). Males showed higher frequency of agonistic acts than
females in the pre-spawning phase (Tukey post hoc test, p =
0.04), but the frequency was similar between sexes after
spawning (p>0.92, Fig. 4). The frequency of agonistic acts
did not differ over the reproductive phases for both males
and females (p>0.10, Fig. 4).

We observed a higher frequency of threats emitted by
males than by females, but it happened only in the pre-
spawning phase (Wilcoxon signed-rank test, Z = -2.18, p =
0.02, Fig. 5). Moreover, there was an effect of reproductive
phase on the frequency of threats by males (Kruskal-Wallis,
H = 10.15, p = 0.006, Fig. 5), which decreased from pre-
spawning to fry phase (Dunn post hoc test, p<0.05). The
frequency of threats emitted by females did not differ over
reproductive phases (H=1.23, p=0.54, Fig. 5).

p=0.03

Frequency of digging .15 min"

0 _
Male

Fig. 2. Mean frequency (+ SE) of nest digging in the pre-
spawning phase by males and females of Laetacara
araguaiae (Wilcoxon signed-rank test).

Female
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The frequency of attacks did not differ between males
and females in the different reproductive phases (Wilcoxon
signed-rank test, p>0.06, Fig. 5). There was no effect of the
reproductive phase among males (Kruskal-Wallis, H=0.003,
p=0.99, Fig. 5), but the frequency of attacks given by females
increased from the pre-spawning phase to fry phase (H =
6.76, Dunn post hoc test, p<0.05, Fig. 5).

Discussion

The reproductive behavior of L. araguaiae described in
this study is typical of the substrate brooder Neotropical
cichlids, beginning with territory establishment and extending
to parental care until the fry phase. The parental care in this
species is a cooperative activity between male and female,
where each member of the pair performs similar behaviors
and alternates between rearing offspring and territorial
defense. However, there is a division of labor at the beginning
of the reproductive phase.

Biparental cichlids are known to perform relatively long
parental care periods (Keenleyside, 1991), resulting in a high
investment devoted by the parents (Rogers, 1988). However,
the reproductive activities preceding spawning represent an
important parental investment as well (Mackereth &
Keenleyside, 1993). In this way, this study is one of the few
exploring parental investment in the pre-spawning phase (see
Timms & Keenleyside, 1975; Rogers, 1988). In this phase, L.
araguaiae females invest more in nest building, while males
invest in territorial defense. A similar pattern was observed in
the egg/wriggler phase, when males devoted less time near
offspring than did females, indicating higher involvement in
territorial defense despite higher investment in rearing duties
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Fig. 3. Mean time (+ SE) spent by male and female near the
egg/wriggler (n=11) and free-swimming fry (n=11). Letters
in lower case compare the data between phases; capital letters
compare the data between sexes in each phase. Different letters
indicate statistical significance (Two-way ANOVA).
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by females. This division of labor is common among substrate
brooding cichlids, mainly during brood stationary
developmental stage (Itzkowitz & Nyby, 1982; Townshend &
Wootton, 1985; Rogers, 1988) and may be the result of the
differential significance that parental roles represent to each
sex (Trivers, 1972). The higher investment of females in the
offspring care (e.g., Keenleyside ef al., 1991; this study) is
well correlated with evolutionary explanations based on
female’s relatively low reproductive potential (Trivers, 1972).
This inference could be supported by the higher investment
in the nest building and rearing activities during pre-spawning
and egg/wriggler phase, respectively. Moreover, the
possession of a territory may have higher value for males,
since they could to ensure attraction of other females and to
have other spawning chances if they fail in a first attempt to
reproduce (Schwanck, 1989). This is especially true to species
whose males establish a territory before couple formation
(Perrone, 1978; Neil, 1984). Alternatively, the specialization in
the execution of parental duties may be the result of
differential ability to perform some particular tasks. For
example, males usually are bigger than females and could be
more effective in the territorial defense and, therefore, they
would emphasize this activity (Barlow, 1974; Schwanck, 1989;
Awata & Khoda, 2004; Itzkowitz et al., 2005).

Besides quantitative differences between males and
females in the parental activities found in this study for L.
araguaiae, the sexes differed also qualitatively in how they
perform these activities. Despite the fact that females spent
less time patrolling territory in the egg/wriggler phase than
did males, they showed a similar frequency of agonistic
acts against intruders. This fact suggests that females
exhibit more agonistic acts per time unit and reveal
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Fig. 4. Mean frequency (+ SE) of agonistic acts given by
male and female in the pre-spawning (n=11), egg/wriggler
(n=11) and free-swimming fry (n = 12) phases. NS is non
significant values (Two-way ANOVA followed by Tukey post
hoc test).
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differences in the fighting tactics between sexes. Therefore
the agonistic acts performed by females would be faster
and probably at closer range with intruders than did males,
as observed for Cichlasoma cyanoguttatum (=Herichthys
cyanoguttatus) and Lamprologus toae (=Neolamprologus
toae) (Itzkowitz, 1985; Nakano & Nagoshi, 1990). Moreover,
as males are bigger than females, intruders may be more
likely to flee from a large male before it has performed any
agonistic act.

The sex differences in the parental care in the early
reproductive phases disappeared in the fry phase, which is
a tendency already observed for biparental cichlids
(Keenleyside, 1991) and seems to be a response to changes
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Fig. 5. Mean frequency (+ SE) of threats (a) and attacks (b)
given by male and female in the pre-spawning (n=11), egg/
wriggler (n=11) and free-swimming fry (n = 12) phases. *
indicates significant difference between sexes (Wilcoxon
signed-rank test). Different letters indicate significant
differences between phases for each sex (Kuskal-Wallis
followed by Dunn post hoc test).
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in the behavior of the offspring. When the young begin
swimming freely, they leave the nest and move in shoals
around the territory. This is the phase when young are more
vulnerable to attacks from predators because they are more
conspicuous (Fitzgerald & Keenleyside, 1978; Nagoshi,
1987). In this sense, the permanence of both parents near
the young, as observed in this study, would guarantee a
larger area free of predators around them (Annett ef al.,
1999).

The increased frequency of agonistic acts should also
be aresponse to a phase that demands more parental defense
(Smith-Grayton & Keenleyside, 1978; Neil, 1984; Itzkowitz,
1985). Although males of L. araguaiae have reduced the
frequency of threats during the fry phase, females increased
the frequency of attacks as the offspring developed. The
threats are less aggressive agonistic units and are important
for signaling the territory, ensuring the defense of the
territory while providing less risk of injuries (Clutton-Brock
et al., 1979; Itzkowitz, 1985) and less energetic cost than
overt fights (Ros et al., 2006). The higher frequency of
threats showed by males is compatible with higher
investment devoted by them patrolling territory in the early
reproductive phases (Itzkowitz & Nyby, 1982; Townshend
& Wootton, 1985; Rogers, 1988). The reduction in the
frequency of threats emitted by males during the fry phase
overlaps disappearance of the territory, during which the
pair jointly stays close to the fry defending a moving space
around the offspring, and not a well delimited physical
space. In the early reproductive phase, displays exhibited
in the territory boundaries represent an effective way to
keeping intruders away (Itzkowitz & Nyby, 1982; Itzkowitz,
1985), differently of fry stage when both parents stay near
young allowing greater approaching of potential predators,
which represent eminent risk to fry survival. In this case
more aggressive acts would be expected. However, the
increased aggressiveness, which is common in parental
Neotropical cichlids during the fry stage (Smith-Grayton &
Keenleyside, 1978; Neil, 1984; Itzkowitz, 1985), was not
shown by increase in total agonistic acts, but through of
the increase of attacks emitted by females. This change in
the female agonistic behavior during reproductive cycle
probably is related to reduction of the demand by rearing
activities and more independence of the young in the fry
stage (Keenleyside ef al., 1990). Therefore, the increased
level of aggressiveness would be a compensatory response
to increase of the fry vulnerability resulting from its higher
dispersion and mobility.

In summary, the present study is one of the few detailed
descriptions of the reproductive repertoire of the South
American cichlids. Laetacara araguaiae shows reproductive
cooperation between males and females, and such strategy
is marked by division of labor in the early reproductive phases
and by sharing of parental duties as brood develops,
following the general pattern of Neotropical substrate-
spawner cichlids.
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