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Abstract Across animal taxa, exclusive female offspring
care has evolved repeatedly from biparental care, suggesting
that the latter becomes evolutionarily unstable under certain
conditions. Both the attributes of a species and the environ-
ment it experiences can help to predict shifts from one
particular caremode to another. Nevertheless, factors inducing
differences in care strategies among closely related species, or
seasonal variation within species, have been subject to
surprisingly little empirical testing. Here, we report the results
of a field-based study that examined both among and within
species variation in mate desertion in five species of closely
related Nicaraguan cichlid fish in the generaAmphilophus and
Amatitlania. The results show a link between female body

size and male involvement in offspring care. Specifically, the
larger the species the less often males were found to provide
extended care. Furthermore, we found that solitary females
became more common towards the end of the breeding
season. We discuss the implications of this finding in the
context of previous theoretical and empirical contributions
regarding the frequency of offspring desertion by males.
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Introduction

The variance in the reproductive rate of males is typically
higher than that of females. As a result, monogamy is often
seen as a somewhat unexpected evolutionary outcome for
males. The most commonly invoked factors thought to
favour male monogamy include low potential for remating
and environmental conditions under which investment from
both parents is needed for successful offspring care (Smith
and Wootton 1995; Whiteman and Côté 2004; Gross 2005).
Indeed, monogamy is often associated with biparental
offspring care (Smith and Wootton 1995; Reynolds 1996).
Nevertheless, if opportunities for polygyny increase, or
benefits of continued offspring care decrease, it may
become beneficial for the male to desert his current female
and offspring (Gross 2005). Hence, the interaction between
the intrinsic properties of individuals (or species) and their
surrounding environment can be expected to have an
important role in determining patterns of polygamy and
parental care across different taxa (Reynolds 1996; Gross
2005). In addition, the intensity of sexual selection is also
expected to affect the pattern of parental investment;
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whichever sex is subject to stronger sexual selection is likely
to provide less care (Kokko and Jennions 2008). In one of the
few comparative studies testing for species-specific patterns
of parental care, marine invertebrates with small body size
were found to provide more extensive parental care than
larger species (Strathmann and Strathmann 1982).

Seasonal changes in the biotic or abiotic environment
may cause temporal variation in the rates of mate desertion
within a species. According to a recent mathematical model
by Seno and Endo (2007), which was based on the
assumption that mate availability decreases with the
progression of the breeding season, the rate of mate
desertion is predicted to decrease towards the end of the
season. By contrast, an earlier model by Webb et al. (2002),
which emphasised the importance of energy reserves in
species that are likely to face more than one breeding
season, predicted that offspring produced later in the season
should be given less care than those produced earlier in the
season. To date, however, empirical studies on patterns of
mate desertion have mostly been conducted on avian model
systems (Houston et al. 2005; Harrison et al. 2009), and
tests of seasonal variation are particularly rare (Seno and
Endo 2007). In one of the few such studies, Spanish
sparrow (Passer hispaniolensis) males were found to desert
the female and offspring considerably more often early than
late in the season (Marques 2003).

In cichlid fishes (family Cichlidae), exclusive female
offspring care has evolved repeatedly from biparental care
(Goodwin et al. 1998). Hence, phylogenetic evidence
suggests that biparental care has been an unstable breeding
strategy. As a group, the family includes species that exhibit
biparental care, female-only care, as well as some that may
switch between these two strategies (Keenleyside 1991;
Goodwin et al. 1998; Kolm et al. 2006a, b; Gonzalez-Voyer
et al. 2008). In this regard, cichlid species with labile modes
of parental care provide excellent systems for studying
patterns of brood care, both among, and within, species
(Keenleyside 1991; Gonzalez-Voyer et al. 2008).

In this study, patterns of deviation from biparental
offspring care were studied in five species of closely
related Nicaraguan cichlids. First, we tested whether size
of a species could affect the rate of mate desertion (as
measured by the occurrence of solitary females in the field).
This was motivated by the prediction that in an environ-
ment where predation and competition is rife (e.g. McKaye
1977; Morley and Balshine 2002), (solitary) females of
larger species could be better equipped at dealing with the
demands of protecting their territory and juveniles (see
Nagoshi 1987; Keenleyside 1991). It is also possible that
factors correlating with body size, rather than body size per
se (see Blanckenhorn 2000, 2005), could influence the
prevalence of female-only care. Secondly, we set out to test
the two contrasting predictions of Webb et al. (2002) and

Seno and Endo (2007) regarding seasonal success of
deviations from biparental care.

Methods

Underwater observations were conducted in Nicaragua
between the beginning of December 2005 and end of
January 2006, and between the beginning of December
2007 and end of January 2008 (except where otherwise
noted), at depths of 2.5–18 m using a self-contained
underwater breathing apparatus (SCUBA). The study
included Amphilophus astorquii (Stauffer et al. 2008) and
the arrow cichlid (Amphilophus zaliosus) (Barlow and
Munsey 1976; Barluenga et al. 2006) from Lake Apoyo
(Fig. 1), and Amphilophus sagittae, Amphilophus xiloaensis
(Stauffer and McKaye 2002; Elmer et al. 2009) and
Amatitlania siquia (Schmitter-Soto 2007) from Lake Xiloá
(Fig. 1). The first four species belong to the Midas cichlid
species group (Elmer et al. 2010), which was earlier
considered to be strictly monogamous and biparental
(McKaye 1977; Rogers 1987, 1988; Barlow 2000). The
fifth species, Amatitlania siquia, is a close relative of the
Midas cichlid species complex (Říčan et al. 2008). In all
these species, males are larger than females and tend to
have longer filamentous fin extensions (McKaye 1986;
Elmer et al. 2010; personal observations). In Lake Xiloá,
Amatitlania siquia females have ventral colour markings
that are absent in males which, instead, may have more
yellowish base colouration than females (personal observa-
tions; see also Beeching et al. 1998). All the remaining
species are, by contrast, sexually monochromatic (Barlow
1976; Elmer et al. 2010; personal observations). In these
fish, success in territory defence is a central determinant
of reproductive output (fitness); during each of their
prolonged breading season, they aggressively defend
territories in order to protect the offspring against
conspecific and heterospecific predators (Barlow 1976;
Rogers 1987; Keenleyside 1991; Lehtonen and Lindström
2008; McKaye and Murry 2008). Despite the provision of
parental care, a majority of breeding attempts fail as a
consequence of predation or territory takeovers, and the
rate of new breeding attempts is high for most of the
season (McKaye 1977; Lehtonen 2008). Under captive
conditions in aquaria, these fish can exceed 10 years of
age (personal observations). The fry of successful parents
become independent approximately 4 weeks after hatching
(Rogers 1987; Wisenden 1995; personal observations).

To record the relative numbers of solitary (deserted) and
paired (biparental) females, the observer swam parallel to
the shore at a constant depth and counted all broods to his
left and right side within a distance of 1.5 m. The species,
depth of the breeding territory and status of the female (single
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possible changes in mating opportunities, are likely to have an
important role in the parental care decisions of males. Our
results also accord with those of Morley and Balshine (2002),
which indicated that mate availability was not a key factor
for the prevailing type of parental care in another cichlid
species, Eretmodus cyanosticus (but see e.g. Keenleyside
1983).

Single females were found to be relatively common in
species of the Midas cichlid complex even in conditions of
high intensity of both breeding space competition and
offspring predation (Crater Lake Xiloá: McKaye 1977).
Such conditions have earlier been thought to impose
monogamous and biparental breeding systems on these fish
(McKaye 1977; Rogers 1987, 1988; Barlow 2000). In fact,
the lowest prevalence of deserted females was found in
Amatitlania siquia, the only one of the five species
investigated that previously was known to deviate from
biparental care under conditions amenable to male desertion
(Keenleyside et al. 1990; Wisenden 1994). Because monog-
amy and biparental care are often linked, one might predict
that deviations from biparental care in these cichlids should
also be coupled with male (and possibly female) polygamy.
More broadly, the results of this study expose gaps in the
current state of knowledge about breeding systems of aquatic
and other animals that are not regularly observed in situ and
raise the question of how often species thought to be
exclusively biparental are, in fact, only facultatively so.
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