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Abstract In biparental species, the costs and bene-

fits of parental investment can vary between the sexes

and shift over time. However, such sex-specific and

temporal changes in territory defense are not well

understood. Here, we experimentally investigated

parental investment in breeding territory defense in a

feral population of the color-polymorphic, biparental

cichlid fish, the red devil (Amphilophus labiatus). We

presented either gold- or dark-colored conspecific

intruder models (i.e., dummy models) to A. labiatus

pairs at three key stages during the breeding cycle (i.e.,

after pair formation, after eggs have been laid, and

when fry were free-swimming). We found that males

were more aggressive when the pair first formed,

whereas females significantly increased their territory

defense with time, and were most aggressive when fry

were free-swimming. These results show that parental

roles in territory defense can markedly shift over key

stages of the breeding cycle. Our results demonstrate

that parental behaviors may not only vary between the

sexes, but can also shift dramatically over the course

of the brood cycle.

Keywords Aggression � Color polymorphism �
Parental care � Sexual conflict � Territoriality � Cichlid
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Introduction

A key component of parental care in many species is

the aggressive defense of a breeding territory and

offspring against intruders, such as conspecific and

heterospecific competitors and predators (Ridley,

1978; Blumer, 1979; Perrone & Zaret, 1979). Indeed,

aggressive defense of a breeding territory can play a

key role in parental fitness and offspring success, as

shown, for example, in red-backed shrikes (Lanius

collurio, Linnaeus, 1758) with more aggressive indi-

viduals enjoying higher reproductive success than

their less aggressive counterparts (Tryjanowski &

Golawski, 2004).

Benefits aside, guarding eggs, offspring or a breed-

ing territory is likely to entail costs for the parents in

terms of increased energy expenditure (Haller, 1996),

reduced foraging opportunities (Requena et al., 2012),
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heightened risk of injury and mortality (Marler &

Moore, 1988; Lappin & Husak, 2005), as well as lost

future mating opportunities (Trivers, 1972; Székely &

Cuthill, 2000). For instance, when female crickets

(Oecanthus nigricornis, Walker, 1869) are carrying

eggs, they are significantly more likely to be taken by

predatory wasps (Isodontia mexicana, de Saussure,

1867) (Ercit et al., 2014). Yet, to date, most studies of

parental behaviors have tended to focus on offspring

provisioning (mostly in birds, see Harrison et al.,

2009), with relatively less attention given to the role of

territorial defense and offspring guarding in shaping

the relative investment of the sexes in offspring care

(Clutton-Brock, 1991; Székely & Cuthill, 1999; Har-

rison et al., 2009; Trnka & Grim, 2012).

When both parents contribute to care, the costs and

benefits are often distributed unevenly between the

sexes (Houston et al., 2005). Biparental care, there-

fore, involves elements of not only cooperation but

also conflict (Lessells, 1999; Chapman et al., 2003;

Harrison et al., 2009). In many species, potential

conflicts between the sexes can arise, for example, due

to differences between the potential reproductive rates

of males and females (Baylis, 1981; Reynolds, 1996),

or because males may lack assurance over the

paternity of the offspring they are raising (Trivers,

1972; Keenleyside, 1991). As a result, the level of care

provided by parents is often not shared equally

(Trivers, 1972; Wynne-Edwards, 1995), and may

change over time, with a parent sometimes even

deserting its partner before offspring become inde-

pendent (Keenleyside, 1983; McNamara et al., 2002).

Despite this, surprisingly few studies have taken an

experimental approach to investigate how the sexes

might alter their investment in parental behaviors,

such as territory defense, over the course of the

breeding cycle.

Among the most species-rich vertebrate family, the

cichlid fishes (Cichlidae), there is remarkable inter-

specific variation in the forms of parental care

exhibited (Keenleyside, 1991). For this reason, cichlid

fishes are well suited for testing hypotheses on the

evolution of parental care (Goodwin et al., 1998).

Offspring guarding and territory defense, against both

heterospecific and conspecific predators of eggs and

fry, are the most common forms of parental care in

fishes, including cichlids (Gross & Sargent, 1985).

Here, we experimentally investigated parental roles in

well-defined phases of the brood cycle in a

Neotropical cichlid fish, the red devil (Amphilophus

labiatus, Günther, 1864). Amphilophus labiatus is

endemic to the two great lakes of Nicaragua, Lake

Managua and Lake Nicaragua, and has also been

introduced elsewhere as a result of its popularity in the

aquarium trade (Meek, 1907; NIWA, 2008). Like

other members of the Midas cichlid complex (Barlow,

1976; Rogers, 1988; McKaye & Murry, 2008; Elmer

et al., 2009; Lehtonen et al., 2012), A. labiatus displays

biparental care and is sexually monomorphic with

respect to color. Furthermore, in common with many

other members of the species complex, A. labiatus

displays a genetically distinct color polymorphism,

with both ‘‘dark’’ (i.e., gray through to black) and

‘‘gold’’ (yellow through red) colored individuals. The

former, in this regard, is much more abundant in their

native habitat, making up approximately 90% of the

population (Barlow, 1983; Elmer et al., 2010). When

pairs are ready to spawn, they claim a breeding

territory, which they actively defend against intruders

(McKaye, 1977; Rogers, 1987; Barlow, 2000). Fry of

Amphilophus cichlids are highly vulnerable to preda-

tors and require the parents’ protection for survival

from both heterospecific and conspecific territory

intruders (Barlow, 1976; Rogers, 1987; McKaye &

Murry, 2008; Lehtonen et al., 2012). During this

period, pairs must also subsist mostly upon accumu-

lated fat reserves (Barlow, 2000), which further adds

to the costs of parental care. The ability to successfully

defend the young is, therefore, critical to reproductive

success (McKaye, 1977; Rogers, 1987, 1988; Barlow,

2000). In this regard, a number of studies have

addressed sex differences in parental care investment

and territory defense in Neotropical cichlids (Itzkow-

itz 1984; Keenleyside et al., 1990; Budaev et al., 1999;

Itzkowitz et al., 2001; Wisenden et al., 2008),

including in close relatives of A. labiatus (Holder

et al., 1991; Rogers, 1988; McKaye & Murry, 2008). It

is surprising, however, that few studies have experi-

mentally controlled either the appearance of territorial

intruders or the timing of territorial intrusions

throughout a breeding period. In particular, such

experimental manipulations are important if we are to

gain a more comprehensive understanding of why the

sexes might differ in their investment in territory

defense, especially as this is a key aspect of parental

care in these fish.

Accordingly, in the current study, we investigated

how males and females alter their investment in
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offspring and breeding territory defense at three key

stages of the breeding cycle.

Methods

Collection and housing

Amphilophus labiatus were collected using hand-lines

in late 2013 from a feral population in Hazelwood

Pondage, in South Eastern Australia, where they have

been introduced and have established a breeding

population over the last 40 years (NIWA, 2008). Fish

were transported to Monash University and housed in

large stock tanks (4 9 4000 l, 26�C, 12:12 day night

cycle, stocking density of one fish per 33 l) furnished

with gravel, rocks and PVC pipes for shelter. All fish

were fed commercial cichlid pellets (Otohime EP3)

daily.

Pair formation

To assess breeding territory defense, we first needed to

allow individuals to form breeding pairs. This was

done by randomly selecting 6 similarly sized mature

fish and putting them together into large experimental

tanks of *1000 l, supplied with terracotta pots as

potential spawning sites. A pair bond was deemed to

have formed when two individuals were observed

interacting around a potential spawning site. At this

point, all other fish were removed from the experi-

mental tank. During the course of the study, we were

successful in obtaining eleven pairs, eight of which

paired assortatively based on color (i.e., four gold–gold

pairs and four dark–dark pairs) and three non-assorta-

tively, which gave us a total of 11 gold (5 males and 6

females) and 11 dark individuals (6 males and 5

females). Each pair was used only once. Fish were

measured (total length, mm) at the end of the exper-

iment. The average total body length was 182 mm for

females (range = 161–214 mm, n = 11) and 198 mm

(range = 171–234 mm, n = 11) for males.

Intruder models

We simulated aggressive encounters in a controlled

fashion by using models of territory intruders pre-

sented to our focal pairs. Each model mimicked either

a dark or gold A. labiatus (conspecific) territory

intruder. We used models of conspecific territory

intruders as models for three reasons. First, A. labiatus

is the most abundant species in Hazelwood Pondage

(personal observation and unpublished capture data).

Second, conspecific cichlids pose a high risk of

territory take-overs (McKaye, 1977, 1986; Rogers,

1987, 1988). Third, conspecifics are likely to represent

a high predation risk to eggs and especially small

juveniles (McKaye, 1977; Rogers, 1987, 1988; per-

sonal observations). In this respect, we have found

both fish eggs and fish remains in the gut content of A.

labiatus individuals from both Hazelwood Pondage

and from native Nicaragua populations (unpublished

data; also see Colombo et al., 2013). Lastly, previous

studies have also used conspecifics as intruders to

successfully elicit aggression in the context of breed-

ing territory defense in other closely related cichlid

species (Itzkowitch, 1985; Holder et al., 1991; Lehto-

nen, 2014).

‘‘Dummy’’ models have been successfully used as

stimuli to experimentally elicit behaviors in a wide

range of fish species (Rowland, 1999), including

Amphilophus cichlids – both in the field and in the

laboratory (Barlow & Siri, 1994; Lehtonen, 2014;

Lehtonen et al., 2015a). We decided to use models

instead of live stimulus animals to enable us to control

for possible confounding factors that might arise from

differences in the behavior of stimulus animals. As

with recent studies in other Amphilophus species

(Lehtonen, 2014; Lehtonen et al., 2015a), we created

realistic-looking models based on photographs of

actual fish, rather than the more stylized models that

have traditionally been used in the majority of earlier

studies (e.g. Barlow & Siri, 1994; Rowland, 1999). We

created models of both color morphs (gold and dark) to

test whether the level of aggressive territory defense

provided by a pair is in anyway influenced by the color

of the territory holders and/or conspecific territorial

intruders. We did this because biased aggression

toward particular individuals, or inherent differences

in aggressiveness between phenotypes (e.g., color

morphs) could play an important role in the evolution

and maintenance of (color) polymorphisms, as

observed in Gouldian finches (Erythrura gouldiae,

Gould, 1844) (Pryke, 2007) and side-blotched lizards,

(Uta stansburiana, Baird & Girard, 1852) (Sinervo

et al., 2000).

Specifically, each of the models was made using

waterproof, photographic color prints of the lateral
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side of a live A. labiatus individual. These images

(length = 180 mm) were then glued onto both sides of

a fish-shaped plastic PVC foam plate (thick-

ness = 6 mm) (see Lehtonen, 2014). Each model

was attached to a sinker with a fishing line, which

allowed it to float in a natural position approximately

15 cm above the tank bottom (as per Lehtonen, 2014).

Experimental protocol

We used, in total, eight gold and eight dark intruder

models to simulate conspecific territory intruders, with

each model based on a photograph of a different A.

labiatus individual. Individuals whose image was used

to create a stimulus model were also excluded from use

as potential focal fish (and vice versa). The first model

was introduced to the focal pair two hours after the pair

first formed and after additional fish had been removed

from the tank. The second model was introduced the

day after eggs had been laid. The third model was

introduced on the day after fry were observed free-

swimming. On each occasion, a different stimulus

model was used. Thus, each focal pair was exposed to a

unique combination of three models (with the color of

the model in a given presentation being randomized,

resulting in pairs being exposed to a gold intruder, in

total, 32 times and a dark intruder 34 times). The three

distinct phases for model presentation were chosen to

represent key stages in the breeding cycle to allow us to

test for differences (if any) in parental investment by

males and females over time.

Each replicate was initiated by placing a model

approximately 40 cm from the center of the A.

labiatus breeding pair’s territory. After an acclimation

period of 30 s, we counted the total number of mobile

aggressive behaviors (charges and bites) directed by

each territory owner (male and female) toward the

model over a 2-min observation period, which allowed

us to calculate a total ‘aggression rate’ for each pair

and each individual (sensu Lehtonen, 2014; Lehtonen

et al., 2015b; Oldfield et al., 2015). All trials were

filmed with a camcorder positioned on a tripod and

watched live, on a closed-circuit system. The trials

were run between January and March 2014.

Statistical analysis

To assess the patterns of parental aggressive behavior,

we used a generalized mixed model with a negative

binomial error distribution using the glmmPQL func-

tion of the nlme and MASS packages. In particular, the

full model was fitted with reproductive stage (i.e., pair

bond, eggs, fry) and sex of the territory owner as

explanatory fixed factors, and, with size of the territory

owner, color of the dummy model intruder and color

(morph) of the territory holder as covariates. To

account for the paired design of the experiment (i.e.,

multiple stimulus presentations to the same individu-

als) and the potential interdependence between the

actions of the paired female and male, both ‘‘individ-

ual ID’’ and ‘‘pair ID’’ were added as random effects

(as per Pinheiro & Bates, 2000; Lehtonen et al.,

2015a).

Given a significant interaction between reproduc-

tive stage and sex, we further assessed whether there

was an effect of reproductive stage on male or female

patterns of parental aggressive behavior by using two

separate (one for each sex) generalized mixed models

with a negative binomial error distribution, employing

the glmmADMB package. Both models were fitted

with reproductive stage as a fixed explanatory factor

and with size of the territory owner, color of the

dummy model intruder and color (morph) of the

territory holder as covariates. To account for the

design of the experiment in which the same pair was

presented with multiple stimuli over time, as well as

the potential interdependence between the actions of

the paired female and male defending the same

territory, ‘‘individual ID’’ was added as a random

effect in both models. In both models, we then

redefined the reproductive stage reference level, to

observe all two-way comparisons between the differ-

ent stages of the reproductive period. We used R 3.0.0

software (R Development Core Team) for all analyses.

Results

In total, model intruders elicited aggressive responses

in 94% of females and 88% of males.

When we applied a generalized mixed model to

assess the effects of the reproductive stage and the sex

of the focal territory holders on aggression, we found a

significant interaction between the stage of the repro-

ductive cycle and the sex of the individual

(t57 = -6.85, P\ 0.0001) on the level of aggression.

That is, males and females differed in their rates of

aggression depending on the stage of the reproductive
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cycle (Fig. 1). We found no effect of the covariate

variables, size of the territory owner (t57 = 1.52,

P = 0.13), color of the dummy model intruder

(t57 = -1.63, P = 0.10, Fig. 2a) or color (morph) of

the territory holder (t57 = -1.02, P = 0.31, Fig. 2b)

on patterns of parental aggression.

Next, when we applied a generalized mixed model

to assess the effect of reproductive stage on patterns of

male parental aggressive behavior, we found a signif-

icant effect of reproductive stage on male aggressive

behavior (z = 48.45, P\ 0.0001, Fig. 1). Further-

more, there was a significant difference in the level of

male aggression (P\ 0.001) in each two-way com-

parison between the stages of the reproductive cycle

(Fig. 1). The covariate variables, size of the territory

owner (z = 0.59, P = 0.43), color of the dummy

model intruder (z = 0.04, P = 0.83) and color

(morph) of the territory holder (z = -1.92,

P = 0.16) had no significant effect on patterns of

male parental aggression.

Similarly, when we applied a generalized mixed

model to assess the effect of reproductive stage on

patterns of female parental aggressive behavior, we

found a significant effect of reproductive stage on

female aggressive behavior (z = 53.07, P\ 0.0001,

Fig. 1). Similar to males, female aggression signifi-

cantly differed (P\ 0.001) in each two-way compar-

ison between the stages of the reproductive cycle

(Fig. 1). The effect of the covariate variables, size of

the territory owner (z = 2.63, P = 0.10), color of the

dummy model intruder (z = 1.50, P = 0.21) or color

(morph) of the territory holder (z = 0.03, P = 0.85)

was not significant on patterns of female parental

aggression.
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Fig. 1 The rate of aggression directed toward model intruders by

a females (n = 11) and b males (n = 11), displayed at the three

key stages in the reproductive cycle. Asterisks indicate significant

differences in two-way comparisons (*** = P B 0.001). Whis-

kers indicate standard error
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Fig. 2 The rate of aggression a directed toward either dark

(n = 8) or gold (n = 8) intruder models averaged across the

three key stages of the reproductive cycle, b displayed by

individual dark (n = 11) and gold (n = 11) territory holders

toward intruder models averaged across the three key stages of

the reproductive cycle. Whiskers indicate standard error
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Discussion

We observed a significant shift in parental investment

in territory defense over the course of the breeding

cycle. In other words, investment in territory defense

at key stages was not divided equally between the

sexes. In particular, females were most aggressive

toward territorial intruders later in the breeding cycle,

when fry were free-swimming. In contrast, the level of

territorial defense displayed by males was highest

when the pair had first formed and subsequently

tapered with time. We also found that the size of a

territory owner did not have a significant effect on the

level of territory defense. Moreover, in the current

study, we found no evidence that territorial aggression

was significantly affected by the color of the intruder

or parent.

A temporal increase in parental investment by

females is concordant with studies in other taxa, such

as birds, in which most of the research has so far been

carried out (Schipper, 1973; Newton, 1979; Carere &

Alleva, 1998; Watts, 2014). For example, female

common swifts (Apus apus, Linnaeus, 1758) attend to

nests and offspring at a higher rate than males from the

nestling stage onwards (Carere & Alleva, 1998). The

results of our current experimental study are also in

accordance with observational findings in some other

cichlid species (McKaye, 1977; Rogers, 1988; McKaye

& Murry, 2008). In particular, these previous studies

suggest that females of biparental cichlids focus less on

territory defense and more on other parental activities in

the early stages of the breeding cycle, while males

specialize in territorial defense right from the onset of

the brood cycle (Rogers, 1988; Murry et al., 2001;

Itzkowitz et al., 2005; McKaye & Murry, 2008).

We provide three explanations to account for the

subsequent increase in territorial defense intensity by

females (sensu Redondo & Carranza, 1989). First,

females may be compensating for temporal changes in

susceptibility of offspring to predation. Indeed, Amphilo-

phus cichlid fry become more vulnerable to predators

when they start to swim actively (the free-swimming

phase) and consequently require continual protection for

survival (McKaye, 1977; McKaye & Murry, 2008).

Second, the reproductive value of offspring increases as

the breeding cycle progresses. Specifically, older off-

spring are more valuable to parents due to their increased

probability of reaching maturity and the parental invest-

ment that would be required to replace them (Salfert &

Moodie, 1985; Rytkönen et al., 1995; Jaroensutasinee &

Jaroensutasinee, 2003). Females may, therefore, be

adjusting their level of territory defense as a direct

response to these specific selection pressures, particularly

as males are simultaneously lowering their level of

territorial defense at this stage (sensu Hammerstein &

Parker, 1987). Finally, if no change is required in the

overall level of territory defense, as the relatively constant

sum of female and male territorial aggression seems to

suggest, females may have been compensating for the

males’ reduced effort (see below) in the later stages of the

brood cycle.

What about males? Although the above-mentioned

selection pressures should equally affect males, we

nevertheless found an opposite pattern. In other words,

we found that males were most aggressive toward

model intruders when the pair had first formed and,

then, reduced their level of investment in aggressive

defense as the breeding cycle progressed. A commonly

observed behavior in many socially monogamous

species is mate guarding (Komdeur et al., 1999; Saino

et al., 1999; Chuang-Dobbs et al., 2001), where males

actively guard females from sexual rivals. We consider

the possibility that male A. labiatus may be mate-

guarding females from conspecific competitors early in

the breeding cycle. However, in Amphilophus cichlids,

competition for breeding territories can be intense

(both in the wild and introduced ranges), and success in

aggressive territory defense against conspecifics and

heterospecifics is critical for brood survival (McKaye

& Barlow, 1976; McKaye, 1977; Rogers, 1987, 1988).

Hence, male aggression toward territorial intruders,

independent of his motivations, should contribute

toward territory defense and, hence, survival of the

offspring. Another commonly observed behavior in

monogamous taxa is the desertion of mates and

offspring by males (Keenleyside, 1983; Keenleyside,

1991; Amat et al., 2000). In many Amphilophus and

related cichlid species, single females are frequently

found occupying territories in the wild (Lehtonen et al.,

2011), and, by the time the young become independent,

they are commonly guarded by only one parent

(presumably the female) (Barlow, 1976), suggesting

that mate desertion is widespread in this group. Field

studies conducted on other Neotropical cichlids have

shown that if males abandon their brood prematurely,

they usually do it only after offspring have become

free-swimming (Wisenden, 1994; Jennions & Pola-

kow, 2001; Vélez et al., 2002). Desertion may also be
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more common in areas of high brood success and low

predation levels (Townshend & Wootton, 1985),

which may allow young to survive with only one

parent (Wisenden, 1994). In our study, we observed

that the territorial defense of males was at its lowest

during this free-swimming stage, suggesting that some

males may be shifting their behavior toward self-

maintenance and possibly preparing for additional

reproductive opportunities (Jennions & Telford, 2002).

To conclude, the results of our experimental

stimulus manipulations showed a significant change

in parental investment in aggressive defense during

the progression of the breeding cycle in a feral

population of the red devil cichlid. In particular, by

controlling the appearance of intruders and timing of

their presentation, we found that, at key stages,

territorial defense was not shared equally between

the sexes. In this regard, it is possible that the sexes

may be investing more in territorial defense when it is

most profitable for them to do so. Together, our results

show that parental behavior may not only vary

between the sexes, but can also shift dramatically

over the course of the breeding period.
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Székely, T. & I. C. Cuthill, 1999. Brood desertion in Kentish

plover: the value of parental care. Behavioral Ecology 10:

191–197.
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