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Life history traits of parental care in
Crenicichla lepidota (Cichliformes, Geophagini) in
the upper Paraguay River basin, Brazil
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Abstract. During focal observations carried out in the Olho d’Agua River, upper Paraguay River basin, Brazil, we registered the
defensive behaviour of one pair of Crenicichla lepidota attempting to protect their offspring from conspecific and non-specific
predators. Adults exhibited substrate-guarding behaviour and displayed primary and secondary anti-predation mechanisms.
The primary mechanisms (e.q., fin flicking and flaring, gill extending) were ineffective against conspecific predators or against
other species. Secondary mechanisms included charging would-be predators of the offspring, and this tactic was successful
against non-specifics. This record confirms, in the wild, agonistic behaviour as an effective secondary defence mechanism used

in parental care in Crenicichla lepidota.
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INTRODUCTION

Cichlidae is a diverse and species-rich family of
fish, with more than 1,700 species and wide dis-
tribution across the Neotropics, Africa, and Asia
(Chakrabarty, 2004; Fricke et al., 2020). They are
known for their extensive repertoire of distinct
parental care behaviours, including both ‘sub-
strate guarding’ and mouthbrooding behaviours.
While substrate guarding is thought to be an an-
cestral behaviour, mouth brooding is believed to
have evolved independently several times within
the cichlid lineage (Goodwin et al,, 1998). These
two main parental care modes are found among
species exhibiting biparental or uniparental strat-
egies (Wisenden & Keenleyside, 1995; Goodwin
et al., 1998). The use of uniparental or biparental
strategies can vary between species of the same
lineage and even within the same species, de-
pending on environmental conditions (Gross,
2005; Kidd et al.,, 2012).

Within  Neotropical cichlids, the genus
Crenicichla Heckel, 1840 is the second most di-
verse, with almost 100 valid species (Lucena, 2007;
Kullander & Varella, 2015; Burress et al, 2017).
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Crenicichla species are divided into five groups
(based on morphological similarities and geo-
graphic distribution, sensu Pidlek et al,, 2012): C. la-
custris group, C. lugubris group, C. wallacii group,
C. saxatilis group, and C. reticulata group. However,
recent phylogenetic data on Crenicichla shows
that the genus is paraphyletic when not including
Teleocichla, and the latter is likely a sixth group
of species within Crenicichla (Burress et al., 2017).
Species of the genus are found across cis-Ande-
an Latin America in diverse habitats, ranging from
the northern Amazon, east to Guyana and south
across Brazil, and Argentina (Pidlek et al, 2012;
Burress et al, 2017). Crenicichla, as well as most
Neotropical genus belonging to Cichlidae, are
believed to display substrate guarding behaviour,
although this information is estimated using ev-
idence from only a few species (Goodwin et al.,
1998). Much of the life cycle of Crenicichla species
is known from aquarium observations or punc-
tual studies of natural history, of which many are
yet to be published, and with few scientific stud-
ies regarding their diet, reproduction and paren-
tal care in nature (Gurgel et al, 1998; Montana &
Winemiller, 2009; Aradjo et al,, 2012).
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Crenicichla lepidota Heckel, 1840 is a species classified
in Crenicichla saxatilis group (sensu Pialek et al,, 2012),
with wide distribution in the South America, occurring in
Amazon and La Plata river basins (Kullander, 2003). The
species was previously used as model in behaviour stud-
ies that approached the influences of tourism on the spe-
cies in the regions of Baia Bonita and Nobres, both in the
upper Paraguay River basin, Brazil (Sabino & Andrade,
2003; Bessa & Gongalves-de-Freitas, 2014). These studies
observed that C. lepidota is a territorial species, which
attacks invaders (Bessa & Gongalves-de-Freitas, 2014)
and exhibit parental care (Sabino & Andrade, 2003).
However, the energy investment in these behaviours can
be negatively affected, due to human visitation (Sabino
& Andrade, 2003; Bessa & Gongalves-de-Freitas, 2014). In
this study, we describe behaviours of Crenicichla lepidota
defending offspring against potential predators in the
wild.

MATERIAL AND METHODS

The offspring defence behaviour displayed by C. lepi-
dota was recorded in a camera Go Pro 3 Plus, during ob-
servations made on July 2018 in the Olho d’Agua River,
Latitude: -21.436876, Longitude: -56.436000, in Jardim
municipality, Mato Grosso do Sul State, Brazil. Initially,
we used ad libitum observations in search of behavioural
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patterns of C. lepidota (Altmann, 1974). When identifying
a couple of C. lepidota guarding the offspring, we used
the focal-animal method (sensu Wooton, 1972) for 30
minutes to record the parental care behaviour. Visibility
underwater was at least 10 m in the horizontal and ob-
servations were made at a depth of 1 m, where theriver is
20 m wide, near to the left margin, in an area of substrate
covered by filamentous algae, starting at 2 pm. The ob-
servations were authorised by IBAMA (SISBIO 62795-1).

RESULTS

While snorkelling in the margins of the river, a pair of
Crenicichla lepidota were observed shepherding a group
of offspring over an algae bed (Fig. TA). As the offspring
were feeding among the algae, they were attacked by
two conspecific adults (four attempts of attack, which
resulted in two struck against the offspring) and differ-
ent species (ten attempts of attack, all of them repelled
by the parents) within a timeframe of thirty minutes. The
parents instantly exhibited lateral threat-display, dis-
playing the “flickering of fins” (Fig. 1B) thirteen times in
an attempt to ward off predators. This was successful in
some cases, but in one of the instances that this strategy
was applied against another Crenicichla lepidota indi-
vidual, the aggressor continued the attacks (Fig. 1C). It
was able to strike the offspring twice (Fig. 1D) and was

Figure 1. A couple of Crenicichla lepidota defence your offspring of a conspecific predator. (A) Pair of Crenicichla lepidota with offspring (indicated by arrow) over
algae bed. (B) Conspecific aggressor (indicated by arrow) approaches, parents exhibit threat display. (C) Aggressor makes strike, parents continue threat display.
(D) Aggressor strikes and is concealed in algae bed. Female (indicated by arrow) moves to prevent attack but fails.
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only repelled by secondary mechanisms of defence such
as attacks and persecutions by the parents. However,
a second C. lepidota specimen that also attempted to
approach the offspring and was warded off only by
threat-displays and flickering of fins from the parents.
The other three species attacking the offspring were
Serrasalmus maculatus Kner, 1858 (three attack attempts)
(Fig. 2A), Hyphessobrycon eques (Steindachner, 1882) (six
attack attempts) (Fig. 2B, C), and Cichlasoma dimerus
(Heckel, 1840) (one attack attempt) (Fig. 2D). The parents,
both male and female, were able to prevent attacks from
these species by using defensive lateral-displays and by
rushing the attackers head-on (a video with part of the
recorded behaviour is made available as supplementary
material).

DISCUSSION

Our observations agree with Goodwin et al. (1998),
who infers that Crenicichla only uses biparental sub-
strate-guarding (rather than mouthbrooding). Agonistic
strategies for defending offspring among Crenicichla
within the context of the species’ abiotic and biotic en-
vironment can provide information on survival and
predation rate, while also capturing the strategies and
behaviours of syntopic species, showing synergistic in-
teraction among species in wild. Although not observed
in situations of parental care, agonistic interactions for
the defence of territory are known among individuals of
C. lepidota in other environments (Bessa & Gongalves-de-
Freitas, 2014) and also for other related species, such as
Crenicichla brasiliensis (Bloch, 1792) and Teleocichla pre-
ta Varella, Kullander, Zuanon & Lépez-Fernandez, 2016
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(Araujo et al, 2014; Varella et al, 2016). It is likely that
these and other species of Crenicichla exhibit similar pa-
rental behaviour to C. lepidota.

Biparental and uniparental care in the form of mouth-
brooding or substrate-guarding is known to a number
of cichlids (Goodwin et al, 1998). Substrate-guarding is
common to Neotopical cichlid lineages, such as various
species of Geophagus (Heckel, 1840) and Bujurquina vit-
tata (Heckel, 1840), which employ extensive bi-paren-
tal care to ensure the safety of offspring (Keenleyside &
Bietz, 1981). Additionally, African cichlids, such as tilapia,
can have a very elaborate parental care repertoire, with
most species employing paternal or biparental mouth-
brooding (Klett & Meyer, 2002).

Substrate-guarding is present in all major lineages of
cichlidsandis the ancestral parental care behaviourin the
family, whereas mouthbrooding is a derivative behaviour
which has evolved independently several times along the
cichlid tree of life (Goodwin et al., 1998). However, some
species of the same lineage, such as Gymnogeophagus
Miranda Ribeiro, 1918 and Satanoperca Gunther, 1862,
can exhibit both behaviours of substrate-guarding and
mouthbrooding (Goodwin et al, 1998; Winberger et al.,
1998). The form of uniparental or biparental care can also
vary within the same lineage, with some populations of
the same species exhibiting both forms, depending on
mating opportunities, which influences this behaviour
mainly in males (Gross, 2005). Keenleyside (1983) ob-
served that Herotilapia multispinosa (Glnther, 1867)
males considerably increase their desertion rates as the
proportion of females also increases in their environ-
ment, thus presenting populations with mostly bi-paren-
tal care and others with mostly maternal care. Variations
in uniparental or biparental care have also been recog-

Figure 2. A couple of Crenicichla lepidota defence your offspring of a non-specific predators. (A) Both Crenicichla lepidota exhibit lateral threat display towards
Serrasalmus maculatus; (B) Hyphessobrycon eques (indicated by arrow) approaches offspring(indicated by arrow bottom right) while parents are warding off another
Crenicichla lepidota out of shot. (C) Male Crenicichla lepidota (indicated by arrow right) notices threat and charges Hyphessobrycon eques (indicated by arrow left).

(D) Cichlasoma dimerus approaches offspring and adult of Crenicichla lepidota.
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nized for syntopic species of Xenotilapia Boulenger, 1899
of the Lake Tanganyika (Kidd et al., 2012).

Anti-predation defence mechanisms are classified
by Edmunds (1974) as ‘primary’ and ‘secondary, where
primary mechanisms are used as measures to decrease
the chance of confrontation and secondary to increase
the chance of prey survival after a predator attack. These
mechanisms areimportantin the structure and function of
the fish community, directly influencing the dynamics and
distribution of predator and prey populations (Hunghes,
1980). For example, one such primary mechanism, cam-
ouflage, is used by many species, including C. dandara and
Teleocichla preta (Varella et al, 2016; Varella & Ito, 2018)
and although the application of this mechanism has not
been tested in these cases, camouflage is used by many
fish species to avoid predation (Machado, 1983; Sazima &
Machado, 1990). In this study, a pair of Crenicichla lepidota
used the primary mechanisms of ‘flicking’ of fins, to indi-
cate to a predator that they were aware of their presence,
which may be intended to force the predator to give up
from their attack (for fear of injury or reduced success)
(Lowe-McConnell, 1987). The parents of C. lepidota were
also observed using the secondary defence mechanism of
charging would-be predators (Fig. 2A, Q).

During conflicts over territory, Crenicichla males ex-
hibit agonistic behaviour towards their opponents, in-
cluding extended gills and flickering finnage (Araujo
et al, 2014; Bessa & Goncalves-de-Freitas, 2014). This
behaviour, also found in other fishes, as interpreted as
a tentative of making themselves appear larger than
they are (Telerph, 2004). Herein, both parents displayed
in similar manner to other C. lepidota, to Cichlasoma di-
merus and to Serrasalmus maculatus as a form of ‘threat
display’. However, in this case, an attacking C. lepidota
continued its cannibalistic strike on the offspring of the
conspecific pair after slowly moving towards them from
several metres away. Indeed, C. lepidota is described as a
stealthy predator which observes its prey before attack-
ing (Keenleyside, 1979) and the careful approach (before
the brazen attack) was confirmed herein. Furthermore, it
is interesting that the defence mechanisms of the par-
ent Crenicichla lepidota were not completely effective
against conspecifics, but effective against other species,
according to our observations.

Therefore, the parents of Crenicichla lepidota use pri-
mary (lateral displays and flickering of fins) to discourage
potential predators of your offspring. When these mech-
anisms are not sufficient to prevent the attacks, both par-
ents use secondary mechanisms, like attacks and perse-
cutions. Future studies can analyse this behaviours with
a quantitative approach to reveal other patterns of the
parental care in C. lepidota and other cichlids and quanti-
fy the efficiency of this behaviour.
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SUPPORTING INFORMATION

Video: A sequence of behaviours of parental care of a pair of Crenicichla lepidota, defending your offspring of conspecific
and non-specific predators (click on the image below to see the video).
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