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Introduction

species and species groups with discrete colour morphs 
can provide important insights into mechanisms that under-
lie individual variation and phenotypic diversity (roulin 
2004; Bond 2007; gray and McKinnon 2007; Puebla et al. 
2007). Mechanisms that can contribute to coexistence of 
divergent colour morphs include, among others, niche sepa-
ration, assortative mating, fluctuations in selection regimes 
and frequency-dependent predation pressure (roulin 2004; 
Bond 2007; gray and McKinnon 2007; Puebla et al. 2007). 
a frequency-dependent advantage of colouration has been 
demonstrated, for example, in guppies (Poecilia reticula), 
in which individuals with a rare colour pattern were found 
to have a clear survival advantage compared to those with 
common colour patterning, due to lower predation pressure 
on the former (Olendorf et al. 2006).

Biases in aggressive behaviour may also have an impor-
tant role in the context of evolution of colour patterns and 
coexistence of colour morphs. For example, in certain dam-
selflies, males are more aggressive towards heterospecific 
males that have colour patterns similar to their own than 
towards heterospecifics with dissimilar colour patterns. as 
a result, colour patterns of the two species tend to be more 
dissimilar when they live in sympatry than in allopatric 
populations (Tynkkynen et al. 2004; anderson and grether 
2010). Multiple colour morphs exhibiting different levels 
of aggression coexist, e.g. in gouldian finches (Erythrura 
gouldiae): red-headed males dominate black-headed and 
yellow-headed males (Pryke and griffith 2006). however, 
when the relative density of the aggressive red-headed 
morph is high, males of this morph suffer from increased 
stress and reduced physiological capacity, stabilising the 
proportions of the different morphs in a frequency-depend-
ent manner (Pryke et al. 2007). The level of aggression may 
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also depend on the colour of  both the territory holder and 
the territorial intruder, as is the case with vocal responses 
of males of the polychromatic white-throated sparrows 
(Zonotrichia albicollis) (horton et al. 2012).

In general, aggression biases may help establishment of 
novel (colour) morphs and incipient species either by ben-
efitting them directly or by resulting in a selection regime 
that benefits whichever phenotype has a low frequency 
(van Doorn et al. 2004; Mikami et al. 2004; seehausen 
and schluter 2004). In particular, one of the colour morphs 
may be more aggressive (Mikami et al. 2004; Dijkstra et al. 
2010). This is especially interesting if the more aggres-
sive morph has a benefit only when it is rare, e.g. due to 
the high costs of aggressive encounters when it is common 
(Pryke et al. 2007). It is also possible that less aggression 
is directed towards individuals of certain colours (Pryke 
2009). One interesting possibility for such a situation is a 
difference in reproductive strategies employed by individu-
als of different colours. The reproductive strategies, in turn, 
could then be under balancing or frequency-dependent 
selection. Finally, aggression may be biased towards indi-
viduals that have colours similar to the aggressor (Dijkstra 
et al. 2007; Pauers et al. 2008). such a pattern may result in 
a frequency-dependent advantage for the individuals of the 
rare colour type because these individuals should experi-
ence lower overall levels of aggression (given that the com-
mon morph is encountered more often by all individuals).

Increased aggression toward similar-looking individu-
als may be associated not only with enhanced coexistence 
of distinct morphs but also their divergence if the aggres-
sion bias is associated with assortative mating (seehausen 
and schluter 2004; Dijkstra and groothuis 2011). Indeed, 
colour-biased aggression is also relevant in the context of 
speciation, with recent theoretical considerations suggest-
ing that a major moderator of net speciation rates may be 
the shortness of time that most novel incipient species per-
sist before being eliminated by competition, introgression, 
or other hazards faced by small populations (rundell and 
Price 2009; etienne and rosindell 2012; rosenblum et al. 
2012). sexual selection, in particular, is thought to produce 
ecologically equivalent incipient species, the coexistence of 
which has been regarded unlikely (M’gonigle et al. 2012). 
however, it is not known how commonly colour-biased 
aggression functions in a frequency-dependent fashion in 
wild populations. This is surprising because, to understand 
evolutionary processes maintaining a polymorphism, or 
alternatively leading to divergence between morphs, one of 
the first steps should be to characterise the nature of morph-
biased aggression.

In this study, I investigated the importance of aggres-
sion biases in Amphilophus sagittae, a species belong-
ing to a rapidly diversifying lineage of neotropical crater 
lake fish, the Midas cichlid species complex (Barluenga 

and Meyer 2010; elmer et al. 2010; geiger et al. 2010), 
hereafter abbreviated as Mcsc. Many, but not all, Mcsc 
populations include two colour morphs, often called ‘dark’ 
and ‘gold’, the latter typically being orange in colour (Bar-
low 1983; elmer et al. 2009, 2010). I manipulated terri-
tory intrusions in the field in order to assess the following 
three mechanisms, which are important in the context of 
evolution of colour polymorphisms, but which have typi-
cally not been considered together in any one study. spe-
cifically, I tested whether (1) one colour morph is more 
aggressive than the other, (2) less aggression is directed 
towards individuals of a certain colour, and (3) aggression 
is biased towards individuals that have colours similar to 
the aggressor.

Materials and methods

The study was conducted in crater lake Xiloá, nicaragua 
(12°12.8′n, 86°19.0′W), between December 2010 and Jan-
uary 2011 using scUBa. In the focal species, A. sagittae, 
as with other members of the Mcsc (and related cichlids 
in general), notable aggression in the wild is directly linked 
to reproduction. In particular, a pair ready to spawn claims 
a territory with a suitable cavity or structure for depositing 
eggs and later hiding small juveniles from would-be preda-
tors. The territory is then aggressively defended until the 
juveniles are ready to disperse, approximately a month 
later (Mckaye 1977; rogers 1988; Barlow 2000; lehtonen 
2008, 2011a, b, and personal observations). aggression is 
therefore mostly targeted towards (1) brood predators (both 
conspecific and heterospecific), (2) competitors for terri-
tory space (both conspecific and heterospecific), and (3) 
sexual competitors (McKaye 1977; Barlow 2000; lehtonen 
et al. 2010, 2011b, 2012).

similar to a very closely related species A. xiloaensis, 
which is also endemic to lake Xiloá, A. sagittae has two 
assortatively mating colour morphs, ‘dark’ and ‘gold’. In 
A. xiloaensis, the colour morphs have genetically differen-
tiated (and hence could be regarded as incipient species), 
whereas in A. sagittae, the genetic differentiation status of 
the colour morphs is currently unknown (elmer et al. 2009). 
although gold × gold pairs are much more frequent in both 
species than expected if mating was random (in A. sagittae, 
approximately 4 vs. 0.5 % of the pairs), ‘mixed pairs’ (with 
one individual dark and the other gold) are nevertheless not 
rare (5 %), due to only 7 % of individuals in the breeding 
population being ‘gold’ (elmer et al. 2009). lake-wide, 
the distribution of these ‘gold’-coloured individuals seems 
patchy (elmer et al. 2009), but is relatively even (not with-
standing colour-assortative mating) at the site where this 
study was conducted (personal observations). Territories of 
the different pair types included in the current study were 
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observed at depths that were not significantly different from 
each other: dark × dark [10 ± 1.4 m (mean ± sD), n = 30], 
gold × gold (11 ± 2.1 m, n = 21) and mixed (11 ± 1.9 m, 
n = 33) (anOva, F2,81 = 1.67, P = 0.20). For each pair 
type, the nearest neighbouring territory holders were most 
often either a pair of dark A. sagittae or nicaragua cichlids, 
Hypsophrys nicaraguensis (personal observations).

I simulated aggressive encounters by using models of 
territory intruders (hereafter referred to as dummies; see 
below for details). each replicate was initiated by placing 
a dummy at a distance approximately 50 cm from the cen-
tre of the A. sagittae territory. This positioning corresponds 
to a typical distance territory holders swim when deterring 
territorial intruders (lehtonen et al. 2011b, 2012). after a 
habituation period of one minute, I counted the total num-
ber of aggressive encounters by both territory owners (male 
and female) towards the dummy for 5 min, giving the total 
‘aggression rate’. In addition to noting the rate of aggres-
sion, I also classified the mode of each act of aggression 
as either ‘display’ (typically flared fins and puffed out 
opercula without rushed movements) or ‘mobile’ (attacks 
and bites). such classification of aggression is relevant for 
members of the Mcsc, because displays in these fish rep-
resent no immediate threat of physical injury to the target 
and are less costly (e.g. energy expenditure and risk of inju-
ries to the aggressor) than attacks and bites (lehtonen et al. 
2010, 2011b, 2012). I also approximated the total length 
of each territory holder. calibrated underwater body size 
estimates have earlier been found to be accurate (lehtonen 
et al. 2011a) and repeatable (lehtonen, unpublished). I 
calibrated my length estimates frequently (usually daily) by 
comparing live fish to scales of known lengths.

I tested for the following patterns that are relevant in 
the context of (frequency-dependent) selection by aggres-
sion biases: (1) territory holders of one colour (morph) are 
more aggressive than individuals of another colour, (2) 
more intense—or a higher rate of—aggression is directed 
towards individuals of a certain colour, and (3) territorial 
defenders bias aggression towards fish of their own colour. 
here, the total rate of aggressive responses was defined as 
the sum of all aggressive events (displays + mobile aggres-
sion) per 5-min observation. The counts were first square 
root-transformed to satisfy normality and then analysed 
using generalised linear mixed models. The main model 
was fitted by maximising the log-likelihood, with territory 
holder sex, territory holder colour, dummy colour and size 
of the dummy relative to the territory holder as explana-
tory fixed factors, with pair/territory ID treated as a ran-
dom factor to take into account the potential interdepend-
ence between the actions of the female and male forming 
a pair and defending the same territory. This model was 
simplified by stepwise removal of non-significant interac-
tion terms using likelihood ratio tests (G2 with a removal 

criterion of P > 0.10). Mechanisms 1 and 2, above, were 
assessed directly by their main effects in the model, 
whereas mechanism 3 was identified by the presence or 
absence of a significant interaction between territory holder 
colour and dummy colour. To examine the three mecha-
nisms in more detail, and to facilitate comparisons to pre-
vious studies (see Dijkstra and groothuis 2011), I then 
analysed separately (1) males and females (a linear model 
without the random factor for each sex), (2) dark and gold 
morphs, and (3) dark and ‘gold’ dummies. Finally, to inves-
tigate biases in the type of aggression (displays vs. mobile 
aggression), I again used generalised linear mixed models. 
specifically, the square root-transformed counts of aggres-
sion were analysed with aggression type, territory holder 
colour, dummy colour and size of the dummy relative to the 
territory holder as fixed factors, and the identity of the pair/
territory holder as a random factor (see above). note here 
that total aggression was broken down to a response vari-
able that consisted of both the counts of display aggression 
and mobile aggression (see also lehtonen et al. 2011b). 
The types of aggression were analysed separately for (1) 
sexes, (2) the two colour morphs, and (3) dummy colours. 
non-significant interaction terms (G2 tests with α = 0.10) 
were again removed in a stepwise fashion. I used r 3.0.0 
software (r Development core Team) for all analyses.

The experiment involved in total 84 biparentally 
defended A. sagittae territories. specifically, I used all 
encountered gold × gold (n = 21) and mixed (n = 33) 
pairs that had offspring of suitable size (already hatched 
but not yet longer than 2.5 cm), whereas dark × dark pairs 
with similarly sized offspring (n = 30) were chosen hap-
hazardly in the vicinity of gold × gold and mixed pairs. 
however, I avoided sampling territories too close to each 
other so that the subjects would not get pre-exposed to the 
dummies in an uncontrolled fashion. all the sampled terri-
tories were within a ‘mixed’ habitat, which is characterised 
by pebbles lying on a finer substratum of sand and organic 
material. Occasionally, the species also breeds using cavi-
ties associated with the crater wall, i.e. habitat of pure 
rock (lehtonen et al. 2012). none of these less common 
territories were involved here, controlling for the potential 
influence of habitat type on aggressive encounters (Dan-
ley 2011). Territories without swimming juveniles were 
sparsely encountered and were only sampled after the juve-
niles had emerged, in order to control for the phase of the 
reproductive cycle. each dummy mimicked either a dark or 
orange-coloured (i.e. ‘gold’) territory intruder, either 16, 20  
or 24 cm long. These three size categories corresponded to 
the size distribution of A. sagittae territory holders sampled 
during this study [dark females: 18 ± 1.3 cm (mean ± sD), 
n = 49; gold females: 18 ± 1.3 cm, n = 35; dark males: 
21 ± 1.2 cm, n = 43; gold males: 22 ± 1.2 cm, n = 41]. In 
total, I had 30 unique dummies with 2 × 3 (=6) different 
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colour × size combinations. I used each dummy only once 
per territory type (i.e. d × d, g × g, mixed), except for 
three haphazardly chosen dummies, each of which were 
presented at two different ‘mixed’ pair territories (as I had 
prepared only 30 dummies but found 33 ‘mixed pair’ ter-
ritories). none of the territories was subject to more than 
one dummy presentation. I chose to manipulate intruder 
encounters using dummies because (1) the rate of natural 
encounters with the more rare gold individuals is in most 
cases too low for logistically feasible underwater observa-
tions, and (2) natural, uncontrolled encounters are poten-
tially confounded, for example if the differently coloured 
individuals have slightly different habitat preferences, or 
(3) differ in their aggressiveness, submissiveness, or other 
behavioural patterns, while (4) the field-based approach 
also avoids the problem that aggression biases may dif-
fer between wild and laboratory-raised individuals (Dijk-
stra and groothuis 2011). Furthermore, Midas cichlids are 
too large to be caught and presented to territory owners in 
transparent jars (see Dijkstra et al. 2006), a method that 
could otherwise help to solve points (1), (2) and (4) above.

Instead of using uniform dark grey and orange dum-
mies that might also have elicited aggressive responses 
(see rowland 1999; Ochi and awata 2009), I decided to 
make each dummy look more realistic, as well as unique 
(hence avoiding pseudoreplication; see, e.g., hurlbert 
1984; Kroodsma et al. 2001), by gluing waterproof, pho-
tographic colour prints of a lateral side of a live Mcsc 
individual (of unknown sex) onto both lateral sides of a 
fish-shaped floating plate (thickness = 6 mm). The dummy 
was then attached to a sinker with a thin, transparent fish-
ing line, allowing it to float in a natural position approx. 
25 cm above the lake bottom. as a too low number of high 
quality photographs of A. sagittae were available, due to 
the relative rarity of the gold morph in that species (elmer 
et al. 2009), I also used photographs of A. xiloaensis and 
A. cf. labiatus (see “Discussion” for further details). Both 
naturally and artificially coloured dummies have been suc-
cessfully used in a wide array of studies on fish (rowland 
1999), including Midas cichlids (Barlow and siri 1994) and 
other cichlid species (Ochi and awata 2009). In the cur-
rent study, dummies elicited aggressive responses in 77 of 
the 84 females (92 %) and 71 out of the 84 males (85 %). 
Three females (3.6 %) and seven males (8.3 %) fled from 
the vicinity of the dummy before exhibiting any aggression.

Results

Total aggression rate

With regard to the total counts of aggression (per the 5-min 
observation period), after simplification of the main linear 

mixed model (i.e. stepwise removal of interactions with 
P > 0.10), there were significant interactions between the 
sex of the territory holder and the dummy size relative to 
territory holder size (G2 = 5.118, P = 0.024), as well as 
between the territory holder colour and dummy colour 
(G2 = 5.302, P = 0.021). The former result implies that 
relatively large dummies were subject to the highest rates 
of aggression especially by males (Fig. 1), while the latter 
result was due to territory holders directing more aggres-
sion towards dummies of their own colour than the other 
colour (agreeing with mechanism 3; Fig. 2). I next consid-
ered females and males in separate models. In females, the 
interaction between female colour and dummy colour was 
significant (Fig. 2a; the final, simplified model in Table 1). 
In males, in turn, all interactions were non-significant 
(P > 0.10) and hence dropped from the final model. The 
simplified model indicated that the only significant main 
effect was dummy size relative to male size (Table 2): ter-
ritory-holding males were more aggressive towards large 
dummy opponents (Fig. 1). next, I analysed the two col-
our morphs separately. In dark fish, after stepwise model 
simplification, the only significant effect was dummy col-
our (t61 = 2.424, P = 0.018): dark fish directed a higher 
rate of aggression towards dark than ‘gold’ dummies 
(Fig. 2). regarding the gold morph, there were border-
line interactions between sex and the relative dummy size 
(G2 = 2.775, P = 0.096), as well as between the dummy 
colour and relative size (G2 = 2.845, P = 0.092): gold 
males rather than females tended to react more strongly to 
relatively large dummies, and the own colour aggression 
bias (i.e. higher aggression towards ‘gold’ dummies) tended 

Fig. 1  The total rate aggression by Amphilophus sagittae in rela-
tion to the relative size of the dummy intruder. Females [aggres-
sion = 1.784 (size) + 1.265; R2 = 0.005; n = 84] are marked with 
solid, round symbols and with a solid trend line, whereas males 
[aggression = 6.762 (size) − 3.813; R2 = 0.156; n = 84] are indi-
cated with square symbols and a dashed trend line
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to be stronger toward relatively large than small dummies. 
Finally, when considering these patterns from the perspec-
tive of the differently coloured dummies, dark dummies 
were confronted at a higher rate by dark than gold terri-
tory holders (t40 = 2.482, P = 0.017), whereas total attack 
rates towards ‘gold’ dummies depended on the interaction 
between sex and relative size (G2 = 5.871, P = 0.015). In 

particular, males—more than females—biased their aggres-
sion towards large gold-coloured dummies.

Types of aggression

The different types of aggressive behaviour (displays vs. 
attacks + bites) mostly matched the above patterns of 
total aggression rate. In particular, there was a significant 
three-way interaction between aggression type, female 
colour and dummy colour (G2 = 8.348, P = 0.0039): a 
larger proportion of female aggression consisted of mobile 
attacks and bites (vs. immobile displays) when females 
faced a dummy of their own colour than the other col-
our (Fig. 3). similarly, in males, the results for the use of 
different types of aggressive behaviour followed a pat-
tern very similar to the total rate of male aggression (sig-
nificant aggression type × dummy/male size interaction: 
G2 = 7.019, P = 0.0081, whereas all other interactions 
were non-significant and hence removed from the model). 
In other words, the larger the dummy (relative to the 
male), the larger the proportion of male aggression was 
mobile aggression (attacks + bites) instead of displays, 
whereas no other factors had a significant effect on the use 

Fig. 2  The total rate of aggression towards dummy intruders by a 
females and b males. Shaded boxes indicate dark dummies and white 
boxes are for dummies with orange, ‘gold morph’ coloration. Central 
horizontal lines within the boxes indicate means, margins of the boxes 
are for standard errors, and whiskers indicate standard deviations. 
sample sizes from left to right for a females: 23, 26, 20, 15; and b 
males: 24, 20, 19, 21

Table 1  The simplified linear model for the total rate of aggression 
by territorial Amphilophus sagittae females towards dummy intruders

The final model includes all three main factors and a significant inter-
action term

effect F value df P

relative size (dummy/female) 1.427 1, 79 0.24

Female colour 0.552 1, 79 0.46

Dummy colour 2.636 1, 79 0.11

Female colour × Dummy colour 4.245 1, 79 0.043

Table 2  The simplified linear model for the total rate of aggression 
by territorial males towards dummy intruders

Only the three main factors remain in the final model

effect F value df P

relative size (dummy/male) 13.35 1, 80 0.0005

Male colour 1.044 1, 80 0.31

Dummy colour 0.269 1, 80 0.61

Fig. 3  The proportion of attacks and bites (i.e. mobile aggression) 
of all acts of female aggression towards ‘dark’ (shaded boxes) and 
‘gold’ (white boxes) dummies. Central horizontal lines within the 
boxes indicate means, margins of the boxes are for standard errors, 
and whiskers indicate standard deviations. sample sizes from left to 
right: 22, 22, 19, 14
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of different aggression modes in males. When analysing 
dark-coloured fish separately, I found a borderline three-
way interaction between aggression type, dummy colour 
and sex (G2 = 3.648, P = 0.056): dark females—more 
than dark males—tended to bias the use of the more intense 
aggression type (i.e. mobile aggression) towards dark dum-
mies. In the gold morph, in turn, the same pattern (three-
way interaction between aggression type, dummy colour 
and sex) was significant (G2 = 6.004, P = 0.014), i.e. 
gold females—more than males—biased intense aggres-
sion towards gold dummies. Finally, I assessed the use of 
the two aggression types separately for dark and ‘gold’ 
dummies. The pattern of aggression (types) towards dark 
dummies was characterised by a three-way interaction 
between aggression type, fish colour and sex (G2 = 5.470, 
P = 0.019): the own-colour bias in aggression type was 
more evident in females than males. The own colour 
aggression bias towards ‘gold’ dummies, in turn, was more 
pronounced when the dummy was large relative to the ter-
ritory holders than when the dummy was relatively small 
(aggression type × fish colour × relative size: G2 = 5.145, 
P = 0.023).

Discussion

The main aim of this study was to test for the following 
patterns of biased aggression, each of which could help 
a rare phenotype to become established in a population: 
(1) the rare phenotype is more aggressive than the com-
mon phenotype, (2) more aggression is directed towards 
individuals of the more common phenotype, and (3) indi-
viduals bias aggression towards their own phenotype. I did 
not find any evidence for the first mechanism, and, while 
the results did not directly contradict the second pattern 
(Figs. 2, 3), the main model explicitly supported the third 
mechanism. In other words, the main model suggested that, 
at the population level (i.e. sexes and colour morphs com-
bined), A. sagittae territory holders bias aggression towards 
their own morph. Because individuals—regardless of their 
phenotype—are more likely to encounter individuals of the 
common phenotype, the own colour aggression bias should 
result in a higher level of aggression being directed towards 
individuals of the common phenotype.

The evolutionary implications of this aggression bias 
depend on its realised fitness consequences. given that 
both types of individuals mostly encounter competitors of 
the more common type (which seems to be the case here), 
the aggression bias should result in a selection regime 
that favours the less common morph or phenotype in a 
frequency-dependent manner. as a result, with everything 
else being equal, and in the absence of any other colour-
dependent selection regimes, we would expect the rarer 

morph to become more common until the fitness advantage 
disappears at equal morph frequencies. In A. sagittae, as 
well as in the Mcsc in general, however, the gold morph 
is much less numerous than the dark morph (elmer et al. 
2009, 2010). This suggests that some other factors inter-
act with colour-biased aggression, influencing the relative 
morph frequencies. Predation pressure has been implicated 
as one such factor that affects the frequency of the brightly-
coloured gold individuals (e.g. McKaye 1980), although a 
higher predation pressure on gold individuals in the Mcsc 
has never been convincingly demonstrated (see also annett 
1989). Despite the other, currently largely unknown selec-
tion pressures, the colour-dependent aggression bias may 
nevertheless provide an advantage to gold individuals when 
they are particularly rare, potentially resulting in a higher 
relative frequency than they would attain in the absence of 
the aggression bias. In this regard, future studies assessing 
the relationship between colour-biased aggression and rel-
evant fitness measures—such as success in territory acqui-
sition and offspring survival—would be highly interesting.

Why should A. sagittae bias their aggression towards 
individuals that are of the same colour as they are? In gen-
eral, the more similar an intruder’s phenotype to that of 
the territory holder, the higher risk of resource and sexual 
competition the intruder may pose; individuals with same 
colouration may be recognised as more serious competi-
tors (grether et al. 2009). evolution of aggression biases 
in the context of competitor recognition has earlier been 
demonstrated by, for example, brook sticklebacks (Culaea 
inconstans), which are more aggressive towards compet-
ing ninespine sticklebacks (Pungitius pungitius) when the 
two have earlier lived in sympatry versus allopatry (Peiman 
and robinson 2007). In the context of the current study, it 
is important to note that, in biparental cichlids, including 
A. sagittae, aggression mostly takes place in the context of 
reproduction rather than foraging (see, e.g., Barlow 2000). 
In this regard, it is interesting that I found evidence sug-
gesting that colour-dependent aggression might be stronger 
in females than males (see also Figs. 2, 3). In particular, 
the own morph bias was significant for females but not 
males when the two were analysed separately, and there 
was also a significant gender effect in two out of the eight 
partial dataset analyses that included both sexes. One pos-
sible explanation for this pattern is that, in A. sagittae, as in 
many other species, males and females have evolved dif-
ferent roles in territory defence (rogers 1988; lehtonen 
et al. 2011b), with males being more prone to desert their 
mate and offspring, presumably to seek for additional mat-
ing opportunities (lehtonen et al. 2011a, b). Therefore, 
females, more so than males, may recognise individuals 
of their own morph as sexual competitors (for a review 
on competitor recognition, see grether et al. 2009). simi-
larly, males—rather than females—may regard the largest 
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dummies as their immediate competitors, with the larg-
est dummy size (24 cm) being out of the normal female 
size range. Males may therefore be motivated to bias their 
aggression towards large dummies more than are females 
(Fig. 1). a subset of the detailed analyses also indicated 
that the own morph aggression bias may have been some-
what more pronounced in dark than gold individuals (see 
also Figs. 2, 3). at the population level, behavioural pat-
terns of dark individuals can be expected to have a greater 
impact, as they are much more numerous than gold indi-
viduals (elmer et al. 2009).

Due to logistic constraints, some photographs used 
for constructing the dummies were of congeneric spe-
cies, resulting in dummies that—to human observers, at 
least—looked like A. sagittae individuals with respect to 
colour (dark or gold) and general body shape. This does 
not, however, guarantee that the fish perceived the mod-
els in a similar fashion. Indeed, while A. sagittae territory 
holders seemed to be sensitive at least to colour and size of 
the dummies, the total range of factors that influence their 
aggressive responses is not currently known. Fish may also 
see printed colours differently compared to human observ-
ers (Baldauf et al. 2008). however, even in the case when 
the focal individuals did consider some dark and gold 
dummies as closely-related heterospecific individuals, the 
approach was relevant. specifically, in the habitats occu-
pied by the Mcsc, interactions among closely related spe-
cies in the contexts of territory space competition and off-
spring defence are very common (McKaye 1977; lehtonen 
et al. 2010) and play an important role in defining repro-
ductive success (McKaye 1977; lehtonen 2008). how-
ever, if such species recognition did take place and if the 
psychological mechanism that allowed A. sagittae to make 
colour-specific aggression adjustments was very fine-tuned 
rather than general, then some of the above considerations 
on the factors that contributed to evolution of the observed 
own-colour aggression bias (especially sexual competition) 
would not be valid, and some other factors could instead 
explain the aggression bias.

Prior to the current study, Barlow and coworkers had 
tested colour-biased aggression in the Mcsc using a labo-
ratory stock of Midas cichlids (A. citrinellus). In particu-
lar, they showed that, in a confined space and outside of 
the breeding context, gold individuals are socially more 
dominant than dark individuals (Barlow and Ballin 1976; 
Barlow and Wallach 1976; Barlow 1983). This dominance 
was thought to be due to a fear response induced by the 
bright coloration (Barlow and Wallach 1976; Barlow 
1998), as no difference in aggression between the colour 
morphs was found (Barlow and Wallach 1976; Barlow and 
siri 1994; Barlow 1998). Furthermore, aggression of sin-
gle individuals towards dummy intruders presented out-
side their aquaria was found to be either biased towards 

gold-coloured intruders or was not colour-biased at all, 
depending on the context (Barlow and siri 1994). however, 
these studies were conducted either on juveniles (Barlow 
and Ballin 1976; Barlow and Wallach 1976) or non-paired 
adults outside of the reproductive context (Barlow 1983; 
Barlow and siri 1994), typically in small tanks inducing 
escalated fights (Barlow 1983; Barlow et al. 1986), which 
are rarely observed in the wild (none during this study). It 
is therefore unclear to what extent the previous results are 
comparable to the current ones conducted on wild A. sag-
ittae. although the previous results did not demonstrate a 
frequency-dependent mechanism, they nevertheless agree 
with the current ones in that they demonstrated biases in 
social interactions that should benefit the less numerous 
‘gold’ individuals.

Besides the work of Barlow and coworkers, colour 
morph-specific aggression biases have previously been par-
ticularly well documented by laboratory-focused studies on 
haplochromine cichlids (Dijkstra and groothuis 2011; see 
Dijkstra et al. 2006 for a field experiment). like the Mcsc, 
these fish have also speciated at exceptionally high rates 
(Kocher 2004; seehausen 2006), but differ from the Mcsc 
in many important ways, such as (haplochromines always 
mentioned first): (1) occurrence in very large african rift 
lakes versus small neotropical crater lakes, (2) female only 
mouth-brooding versus mostly biparental offspring care, 
(3) male only breeding territories versus biparental breed-
ing territory acquisition and defence, and (4) colour poly-
morphism usually being evident in one sex only versus both 
sexes sharing the same colour polymorphism. hence, the 
two lineages have very different mating systems, as well 
as genetic architectures of colour polymorphism (Dickman 
et al. 1988; Dijkstra and groothuis 2011). Together with 
the earlier findings, the current results therefore suggest 
that colour-sensitive aggression (which has the potential to 
result in a frequency-dependent selection regime) can occur 
in systems with very different mating systems and (colour) 
polymorphisms.

The results of this study indicate that further assessments 
of the importance of frequency-dependent aggression 
biases would be highly interesting. For example, because 
aggression in the Mcsc and other systems can be biased in 
relation to quite subtle (colour) cues (lehtonen et al. 2010), 
aggression biases that can result in frequency-dependent 
selection may be important also within and among spe-
cies that do not include spectacularly coloured individuals. 
It could therefore be useful to assess the topic in a larger 
array of different taxa, as well as to link quantitative assess-
ments of colour perception with studies on maintenance of 
colour polymorphism. Furthermore, if the observed pattern 
of colour-biased aggression turns out to translate into fit-
ness effects, it would provide a mechanism that could con-
tribute to the particularly high rate of diversification within 
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the Mcsc (Barluenga et al. 2006; elmer et al. 2010, 2013), 
hence having a direct bearing on the longstanding debate 
about the relevance of sympatric speciation (coyne and Orr 
2004; gray and McKinnon 2007; sobel et al. 2010).
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