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Abstract 

The co-existence of ecologically similar species is a classical puzzle in ecology. It 
has been proposed that co-existence can be facilitated through male-male 
competition for mating territories. Negative frequency-dependent selection on 
male secondary sexual characters is generated when male aggression is primarily 
directed towards similar rather than towards dissimilar phenotypes. We studied 
experimental assemblages of cichlid males to test whether co-existence of two color 
phenotypes could be facilitated through male-male competition. We used blue and 
red males of two ecologically similar and fully sympatric color morphs of the Lake 
Victoria cichlid genus Pundamilia, resembling P. Pundamilia (blue) and P. 
nyererei (red). A previous investigation showed that red males dominate blue 
males in dyadic interactions. Yet, in Lake Victoria, red populations of Pundamilia 
as a rule occur sympatrically with at least one blue species, suggesting that red 
males cannot displace blue males through male-male competition. Here we 
investigated male-male competition in assemblages of territorial males in large 
aquaria. Males were allowed to form a dominance hierarchy in assemblages 
composed of either only red males, only blue males (single-color assemblages), or 
males of both colors (mixed-color assemblages). We found that (1) in mixed-color 
assemblages none of the morphs dominated the other one, in contrast to the 
situation in dyadic interactions, that (2) an own-type bias in aggression is 
expressed in mixed-color assemblages, that (3) the level of aggression was higher in 
red assemblages than in blue assemblages, and that (4) co-existence in mixed-color 
assemblages suppressed the level of aggression in red males. We conclude that 
male-male competition for territory space may be a significant force in speciation 
and species co-existence. Our data also show that studies on dominance may yield 
different results depending on whether a group set-up or a dyadic set-up is used.  
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Introduction 

The cichlid fishes of the Great African Lakes are renown for their adaptive radiation 
and explosive speciation (Kocher 2004). Lake Victoria is the youngest of the Great 
African Lakes (0.25-0.75 Myr; Fryer 1996) which is believed to have largely dried 
up as recently as 14500 years ago (Johnson et al. 1996; 2000). Although some of 
the species diversity may have persisted in refuges during this period (Seehausen 
2002; Verheyen et al. 2003) most of the diversity likely evolved in an extremely 
short time. Their astounding diversity has motivated many theoretical and 
empirical investigations of phenotypic divergence and maintenance of species 
diversity (e.g. Turner & Burrows 1995; Higashi et al. 1999; Van Doorn et al. 2004; 
Maan et al. 2004; 2006a,b,c; Haesler & Seehausen 2005; for reviews see: Kocher 
2004; Genner & Turner 2005; Seehausen 2006a). Their evolutionary plasticity has 
promoted adaptive radiation of cichlids (Liem 1973; Galis & Drucker 1996; 
Albertson et al. 2003; Seehausen 2006a). Many closely related sympatric species, 
however, are anatomically and ecologically similar, while exhibiting striking 
variation in male nuptial coloration (Seehausen & Van Alphen 1999). Lack of gene 
flow between closely related species is often due to female mate choice based on 
male nuptial coloration (Seehausen & Van Alphen 1998; Knight & Turner 2004). 
The mechanisms underlying ecological co-existence of such species has long been 
recognized as an unresolved problem (e.g. Fryer & Iles 1972; Reinthal 1990; Genner 
et al. 1999a; Genner & Turner 2005). It has recently been proposed that aggressive 
interactions between males may promote diversification into, and co-existence of 
ecologically identical species (Mikami et al. 2004; Seehausen & Schluter 2004). In 
haplochromine cichlids, adult males vigorously defend long-term mating territories 
to secure spawnings (Parker & Kornfield 1996; Maan et al. 2004). Competition over 
territories is intense, and is likely to exert sexual selection. If territorial males bias 
aggression towards phenotypically similar rivals, rare male phenotypes would 
receive less aggression than common male phenotypes. Such a bias in aggression is 
expected to yield negative frequency-dependent intrasexual selection on male 
nuptial dress. It would confer a fitness advantage to males of a rare phenotype 
relative to males of the more abundant phenotype, thereby promoting invasion of 
either color type and facilitating co-existence of male color morphs and incipient 
species (Mikami et al. 2004; Seehausen & Schluter 2004). More intense aggression 
between similar than between dissimilar males is consistent with field data on Lake 
Victoria cichlid communities. Seehausen & Schluter (2004) found (1) that closely 
related species that occur at the same locality differ significantly more often in male 
nuptial coloration than males of randomly chosen species; and (2) among two 
closely related and ecologically similar species within a site, males tended to have 
territorial neighbors with different nuptial coloration. The latter pattern was also 
observed in cichlids from Lake Tanganyika (Kohda 1998). Negative frequency-
dependent selection generated by own-type biases in aggression would also have 
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significant bearing on the likelihood of sympatric speciation by mate choice (Van 
Doorn et al. 2004; this thesis).  
 In a given two-species assemblage males encounter fewer conspecifics and 
thus have less need to behave aggressively than in a single-species assemblage. 
Therefore, in terms of general aggression level, and the costs of establishing 
territories, the mean fitness of males would be higher in a two-species assemblage 
than in a single-species assemblage at identical total densities. This predicts that 
less diverse communities are open to invasion by novel color types.  
 In this study we investigate aggressive behavior in red and blue males in 
experimental assemblages. We used a pair of hybridizing incipient species of the 
genus Pundamilia from Kissenda Island, consisting of males resembling P. 
nyererei (Witte-Maas & Witte 1985) with red and others with blue nuptial 
coloration resembling P. Pundamilia (Seehausen et al. 1998a). Red males have a 
chance of 85% to win a combat with a weight-matched blue male in dyadic 
interactions. This is largely an effect of red color itself: we have shown that the 
advantage of red males disappears under green light (chapter 4). The geographical 
distribution in Lake Victoria suggests that the red phenotype does not displace the 
blue phenotype, because red Pundamilia always occurs sympatrically with blue 
Pundamilia (Seehausen & Van Alphen 1999). Yet, at many places, the two are 
ecologically highly similar (Bouton et al. 1997; Seehausen 1997), raising the 
question how red and blue sister species can stably co-exist. It was therefore 
important to validate findings from dyadic interactions trials in experimental 
assemblages, which better reflects the natural situation where males have 
interactions with multiple rival males. Dominance relationships between morphs in 
an isolated pair situation with only a one time interaction do not necessarily reflect 
those between both morphs in a multiple male assemblage that is maintained over 
a longer time span. This is because dominance relations result not only from fixed 
traits, but also through self-reinforcing effects of winning and losing conflicts 
among assemblage members (Chase et al., 2002; 2003; Hemelrijk & Wantia, 2005).  
 We studied aggression and social hierarchies among males in mixed-color 
(blue and red males together) and single-color (either only red or only blue) 
assemblages during three consecutive days. We evaluated dominance relationships 
between red and blue, aggression biases and aggression level. In the mixed-color 
assemblages, we tested which color type dominated the other one if any. We also 
tested the hypothesis that males of both color morphs exhibit a bias in aggression 
directed towards male of their own color. If such an own-type bias exists in 
aggression, we predicted that sharing space by morphs with different colors results 
in reduced assemblage-wide aggression levels compared to assemblages where all 
males are of the same color. This is because in a mixed-color assemblage, 
individuals encounter more individuals with who they share a mutually ‘tolerant’ 
attitude than in a single-color assemblage (Mikami et al. 2004). By the same token, 
we predicted that space is available for more males to reach territorial status in a 
mixed-color assemblage than in a single-color assemblage.  
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Methods 

Fish 

We used first-generation offspring from fish collected in June 2001 around 
Kissenda Island, Lake Victoria, Tanzania. All males were sexually mature and at 
least 11 months of age.  

Housing 

Males were reared in sib groups. When the first fish started to mature (at 
approximately 6 months of age) they were translocated into stock aquaria, 
containing males and females of both incipient species. The sides and the back of 
all aquaria were covered with black plastic. All aquaria were connected to a central 
biological filter system and water circulated continuously. Water temperature was 
kept at 25 ± 2oC and a 12:12 h light:dark cycle was maintained. All aquaria 
contained a substrate of gravel. The fish were fed flake food (TetraMin Tropical 
Fish Flakes) at least once per day, and a mixture of ground shrimps two times per 
week. We housed males for at least one week prior to an experiment individually in 
aquaria measuring 90 x 36 x 30 cm (l x w x h), divided into 8 compartments by 
PVC sheets. To avoid social deprivation and to encourage territoriality, all males 
were kept in compartments with another male visible behind a transparent PVC 
sheet. Each compartment contained a PVC tube that the fish used as a hiding place.  
 We fitted three PVC tubes (∅ 15 cm, length 21 cm) placed vertically to 
stimulate territoriality in the experimental aquaria, measuring 250 x 66 x 46 cm (l 
x w x h).  

Experiment 

We used the following three experimental treatments (the first two are single-color 
treatments): (i) red (N=7 assemblages): eight red males in one aquarium; (ii) blue 
(N=7 assemblages): eight blue males; (iii) mixed color (N= 12 assemblages): four 
red and four blue males together in one aquarium. Fish in all three treatments were 
approximately size matched within groups. Information about the mean male 
weight in each assemblage, the variation in male weight in each assemblage, and 
the mean weight of red and blue males in mixed-color assemblages are summarized 
in table 1. None of the parameters differed significantly between treatments or 
morphs (independent t-tests, Ps>0.05).  
 To reduce the aggression level among experimental males, we used 15 
Melanotaenia lacustris (rainbow fish) as background fish in each experimental 
aquarium. These fish lack bright coloration, are nonterritorial, and are standard 
background fish in our laboratory facilities.   
 Most males were used once in the single-color treatment, and once in the 
mixed-color treatment. The interval between use of the same male was at least 15 
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days. Half of the males first experienced the single-color and then the mixed-color 
treatment and the other half vice versa. Prior to a test, we weighed all males to the 
nearest 0.01 g. We individually clipped males for individual recognition on their 
dorsal (two positions) and caudal fin (three positions), using scissors (chapter 8).  
 

Table 1 The weight of test fish based on means per assemblage for each assemblage type and colour 
morph separately. The variation in weight is indicated by the average coefficient of variation (C.V.). The 
C.V. for each assemblage is calculated as mean weight/standard deviation. Shown are the mean and SE 

 Treatment  Morph N Weight  Coefficient of Variation 

    Mean SE Mean SE 

Blue   Blue 7 15.10 1.16 0.06 0.01 

 

Red   Red 7 14.04 0.96 0.08 0.01 

 

Mixed    12 14.84 0.79 0.06 0.01 

  Blue   14.99 0.74 

  Red   14.70 0.84 

Behavioral observations 

We observed each assemblage for three consecutive days following release of the 
fish into the aquarium. Each observation lasted 45 minutes, amounting to a total 
observation time of 135 minutes per assemblage. The males displayed the common 
aggressive behaviors of cichlids (Baerends & Baerends-Van Roon 1950). We 
recorded aggressive interactions that resulted in a displacement, with the fish being 
displaced defined as loser and the other one as winner. Displacements could come 
about via (1) attack (overt aggression) and (2) display (covert aggression). These 
behaviors were recorded by tape recorder. A displacement via an attack was 
defined as one fish charging or chasing another fish. A displacement via a display 
was defined as one fish showing lateral or frontal display, followed by fleeing of his 
opponent, or as display of both fish to each other, followed by one of them fleeing. 
We also noted every 15 minutes (3 times per observation session) which males had 
their vertical bars turned on, which is an indicator of territoriality (Maan et al. 
2004). Males that had turned on their vertical bars at least once during an 
observation session were defined as males with territorial status.  

Data analysis 

Dominance 

The dominance of males of one morph over those of the other morph in the mixed-
color assemblages was inferred in two ways. Firstly, we compared the number of 
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red alpha males with the number of blue alpha males. The alpha male is the most 
dominant male in an assemblage. Secondly, we examined the degree of dominance 
of red over blue males over all members in an assemblage (standardized U-value, 
Hemelrijk et al. 2003; submitted). 
 For determining the alpha male and the degree of dominance of males of 
one morph we generated dominance matrices for each day separately. To this end, 
we calculated for each male the average Dominance Index, which is the mean 
fraction of aggressive interactions won by the male from each of the other males 
with which the individual interacted (Hemelrijk et al. 2005). The male with the 
highest average Dominance Index was considered the alpha male. The average 
Dominance Index allowed us to rank males in each assemblage. To test for morph-
specific dominance, we compared the number of red and blue alpha males over the 
three days for each mixed-color assemblage using a sign-test. 
 The degree of dominance of red males over blue males in an assemblage 
was also estimated by the method developed by Hemelrijk and co-authors 
(Hemelrijk et al 2003; submitted). It is based on the relative dominance of males of 
one morph over those of the other morph using a Mann-Whitney U statistic (Siegel 
& Castellan, 1988). For each red male the number of blue males ranking below him 
was counted. The value of the statistic is calculated as the sum of these countings. 
Note that for a mixed-color assemblage of eight males (four red and four blue) the 
maximum value is 4x4=16. The standardized U-value is corrected for the maximum 
value at this sample size. Thus, it is calculated as the U-statistic of red over blue, 
divided by the maximum value. A value of 0.5 indicates equal dominance of red and 
blue males, a value >0.5 dominance of red males and <0.5 dominance of blue 
males. Complete dominance of red, which implies that all red males are dominant 
over all blue males, equals 1, and complete dominance of blue equals 0. To test for 
dominance of red over blue, we tested if the standardized U-value deviates from 0.5, 
using a repeated measure ANOVA (RM-ANOVA), with day as repeat and nested 
herein the standardized U-value and 0.5.   

Aggression bias and aggression level  

For the analysis of bias in and level of aggression, we used attacks but not 
displacements, as attacks represent an unequivocal indication of aggression. Data 
were calculated at the assemblage level for each day separately.  
 To evaluate aggression bias we calculated attack ratios, which is the 
number of attacks to males of own morph divided by the sum of attacks to all males. 
If there is no aggression bias the attack ratio is 3/7, because a red or a blue male in 
a mixed-color assemblage had the opportunity to attack four males of the other 
color, but only three males of its own color. We tested for aggression bias by testing 
the attack ratio against 3/7, using for each morph RM-ANOVA with day as repeat, 
and nested herein the response variable attack ratio and the no-bias ratio of 3/7.  
 For analysis of the aggression level, we focused on both the rate of received 
attacks and the rate of performed attacks per individual. In terms of costs of male-



6 MALE-MALE COMPETITION IN ASSEMBLAGES  

 

82

male competition, both measures of aggression level are relevant. We tested the 
hypothesis that aggression is reduced in mixed-color assemblages relative to single-
color assemblages. To this end, we used for each morph a RM-ANOVA with day as 
repeat and response variable either the rate of received attacks or the rate of 
performed attacks.  
 Proportions were arcsine square root transformed and levels of aggression 
were ln (x+1) transformed to meet assumptions of parametric testing. Statistical 
analyses were carried out with SPSS 12.0.1. All reported probabilities are for two-
tailed tests of significance, unless stated otherwise. For RM-ANOVAs we report the 
effect of day and interactions only when significant. In the RM-ANOVA we tested 
whether sphericity could be assumed and corrected the degrees of freedom 
according to the Huynh-Feldt method if this was not the case. Although aggression 
bias and aggression level were analyzed with RM-ANOVAs, to streamline graphical  
presentation, we plotted the mean (± SE) based on the average of the three daily 
scores.  
 

Figure 2 Aggression level, expressed as 
the rate of received and performed 
attacks per individual per assemblage 
averaged over the three days. Shown are 
the mean and SE for each morph in 
single-color assemblages (black) and 
mixed-colour (open) assemblages. Note 
that received and performed attacks are 
equal in single-color assemblages, but 
not in mixed-color assemblages. 
Significant differences are indicated by 
asterix ((*) P=0.05, *P<0.05, **P<0.01), 
for statistics see text. Sample sizes are 7 
blue, 7 red and 12 mixed-color 
assemblages). 
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Figure 1 The attacks bias (attack ratio) 
for own morph, calculated as the number 
of attacks towards males of own morph 
divided by the total number of attacks. 
Shown are the mean and SE based on the 
average of the daily scores for red males 
and blue males (N=12). Asterixes 
indicate significant differences (P<0.05) 
from the no-bias ratio of 3/7 (dotted 
line).   
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Results 

Dominance 

Dominance of one morph over the other: the alpha male  

The male(s) with the highest average Dominance Index in an assemblage, defined 
as alpha male(s), were all in territorial condition, as indicated by dark vertical bars. 
To test for dominance of males of one morph over males of the other, we examined 
the number of red and blue alpha males in each mixed-color assemblage on every 
day (table 2). Most assemblages were dominated by a single alpha male on any one 
day. We averaged these numbers over the three days, and found no significant 
difference in the number of blue and red alpha males (paired t-test, t11=0.338, 
P=0.7).  
 

Table 2 Alpha male information: blue and red alpha males for each assemblage and day for mixed-
colour assemblages (N=12). Each letter represents one alpha male: on each observation day we usually 
observed one alpha male per assemblage, except in three cases. The number of times we observed a red 
and a blue alpha male averaged over the three days is also listed. Based on these averages, we noted 
whether we counted more red than blue alpha males in an assemblage. Finally, we show the 
standardized U-values averaged over the three days for each assemblage (mean ± SE). The standardized 
U-value (U-value) is the mean dominance rank of red males, expressed as the average fraction of blue 
males ranking below each red male (for full explanation see method section). A value of 0.5 indicates 
equal dominance for red and blue males, a value >0.5 dominance for red males and <0.5 dominance for 
blue males.    

    averaged   U-value 

Assemblage 

number 

day 1 day 2 day 3 red blue more red than 

blue alpha 

males? 

mean SE 

1 R R RR 1.3 0.0          yes  0.63 0.10 

2 R B B 0.3 0.7 no  0.48 0.10 

3 R B B 0.3 0.7 no  0.36 0.10 

4 R R R 1.0 0.0 yes  0.50 0.04 

5 B B B 0.0 1.0 no  0.19 0.03 

6 RB R R 1.0 0.3 yes  0.63 0.03 

7 B B B 0.0 1.0 no  0.33 0.03 

8 R R R 1.0 0.0 yes  0.60 0.15 

9 B R R 0.7 0.3 yes  0.62 0.25 

10 R RR B 1.0 0.3 yes  0.63 0.24 

11 R B B 0.3 0.7 no  0.41 0.11 

12 B B B 0.0 1.0 no  0.13 0.06 
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Dominance of one morph over the other: all community members 

The proportion of blue males ranking below red males in the dominance hierarchy 
of each mixed-color assemblage averaged over the three days (standardized U-
value) is shown in table 2 (last column). The standardized U-value did not deviate 
from 0.50 (mean ± SE of the standardized U-value: 0.46 ± 0.05, RM-ANOVA, 
F1,22=0.702, P=0.4). This suggests that in assemblages red and blue males did not 
systematically differ in dominance, in contrast to the dyadic combat situation in 
which red males had a higher chance to win than blue males (chapter 4).   
 We evaluated whether the dominance of red over blue is significantly 
different between a group and a dyadic situation by testing the standardized U-
value against the probability that red wins against a blue opponent in dyadic 
combat (chapter 4). When weight-matched this probability was 0.85 (see figure 2 
in chapter 4). The standardized U-value deviated highly significantly from this 
probability (RM-ANOVA: F1,22=53.818, P<0.001). This means that the probability 
that red dominates blue is significantly lower in a mixed-color assemblage than in a 
dyadic combat.   

Own-color bias in aggression 

In mixed-color assemblages, males directed attacks to both color morphs. The 
proportion of attack behaviors directed to males of their own color relative to males 
of the other color did not differ between red and blue males (RM-ANOVA: 
F1,22=0.003, P=1.0). Males of both colors biased their aggression towards males of 
their own color (Figure 1): the attack ratios deviated significantly from 3/7 (RM-
ANOVA: blue males, F1,22=5.384, P<0.05; red males RM-ANOVA: F1,22=6.445, 
P<0.03).  

Aggression level 

The level of aggression expressed as the rate of received and the rate of performed 
attacks per individual is shown in figure 2. The aggression level in red assemblages 
was higher than in blue assemblages (RM-ANOVA: F1,12=9.603, P<0.01, day effect: 
RM-ANOVA: F2,24=11.988, P<0.001). The day effect is due to a lower aggression 
level on the first observation day: this temporal trend was also apparent in the 
results reported below.  
 Own-type biases in aggression would result in reduced aggression levels in 
mixed-color assemblages compared to single-color assemblages. In addition, the 
higher aggression level in red than in blue assemblages specifically predicts 
reduced aggression levels for red males in mixed-color assemblages compared to 
red assemblages. We therefore have a one-tailed alternative hypothesis for red 
males. We detected no difference in aggression level for blue males between mixed 
and blue assemblages (RM-ANOVAs, rate of received attacks: F1,17=0.042, P=0.8, 
day effect: F2,34=9.044, P<0.01; rate of performed attacks: F1,17=0.627, P=0.4, day 
effect: F1.465,24.908=6.323, P<0.05). By contrast, red males experienced a lower level 
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of aggression in mixed than in red assemblages (RM-ANOVAs, rate of received 
attacks: F1,17=3.145, P<0.05, day effect: F1.395,23.718=8.945, P<0.01; rate of performed 
attacks: F1,17= 3.005, P=0.05).   

Number of territorial males 

Territorial males were defined as males that had their vertical bars switched on. 
The median and range of the number of territorial males per day, and based on 
averages over the three days, are listed for each treatment in table 3. The number of 
territorial males averaged over the three days did not differ systematically between 
treatments (ANOVA: F2,26=0.696, P=0.5). To test whether mixed-color 
assemblages allow more males to become territorial than single-color assemblages, 
we combined the data of red and blue assemblages. The median number and range 
of territorial males for single-color assemblages was: day 1: 3.0 (1-6); day 2: 2.5 (1-
4); day 3: 2.5 (1-7); averaged: 2.7 (1-4). The number of territorial males averaged 
over the three days did not differ significantly between mixed- and single-color 
assemblages (independent t-test: t24=-0.569, P=0.6).  
 

Table 3 number of territorial males (vertical bars switched on) indicated for each treatment and day, and 
averaged over the three days. Shown are the median number of territorial males and the range per 
assemblage. 

Treatment day 1  day 2  day 3  averaged  

  Median range Median range Median range Median range 

Blue  3 1-6 2 1-4 4 1-7 3.0 1.0-5.0 

Red  3 1-4 3 2-4 2 1-4 2.7 2.0-3.0 

Mixed  3 1-6 3 1-4 3 1-5 3.0 2.0-3.7 

 

Discussion  

We investigated aggression and social hierarchies among male Lake Victoria 
cichlids in assemblages composed of males of a single color morph and in such 
composed of males of two color morphs. We found that in mixed-color assemblages 
blue and red males did equally well in terms of social dominance. Even though in 
dyadic combat with blue males red males enjoy an advantage (chapter 4), neither 
the number of red alpha males relative to blue alpha males nor the dominance 
index score (standardized U-value) indicate dominance of males of one color over 
those of the other in mixed-color assemblages. A major difference between mixed-
color assemblages and dyadic interactions is that in the latter case, red males not 
only experienced aggressive encounters with blue males, but also with other red 
males in which they lack the dominance advantage of red-blue fights. Reduced 
dominance of red over blue in a mixed group may arise from the energetic costs of 
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high levels of red-red aggression but also from experience of red males with other 
red males (which is absent if males are in pairs with a blue male). A similar result 
was obtained in a model on the self-reinforcing effects of dominance interactions in 
a group comprising of individuals of both sexes (Hemelrijk et al., 2003). Although 
males were initially dominant over females in the model, during sexual attraction 
when clusters of males were waiting in front of a female, these males interacted 
among themselves more often than otherwise. This reduced their dominance over 
females. Similar effects of self-organization may operate in territorial cichlid fish 
and the results illustrate the importance to validate in a group situation 
observations on dominance relationships made in isolated laboratory settings (see 
also Chase et al. 2002; 2003). The inability of males of either color morph to 
dominate those of the other color morph suggests that the red phenotype cannot 
displace the blue phenotype through male-male competition alone, despite the fact 
that red males enjoy an advantage in dyadic combat with blue males (chapter 4).  
 Males of both color morphs exhibited a bias in aggression towards males of 
their own color. We also found that there was more aggression in red assemblages 
than in blue assemblages. These results confirm aggression biases and levels 
measured in an isolated test situation, using simulated intruder choice tests 
(chapter 5; Dijkstra unpublished). Own-type biases in aggression predict that males 
in single-color assemblages experience a higher level of aggression than males in 
mixed-color assemblages. This prediction is particularly strong for red males, since 
there was more aggression in red than in blue assemblages. We found indeed that 
co-existence of males of both color morphs reduced the overall aggression level 
only for red males, whereas there was no difference for blue males. It is likely that 
for blue males the presence of the more aggressive red males outweighed the effect 
of reduced aggression in mixed-color assemblages. It follows that being in a mixed-
color assemblage is more ‘beneficial’ for red males than for blue males: red males 
experience less costly male-male competition in the presence of blue males.  
 In Lake Victoria red populations of Pundamilia occur in the wild always 
sympatrically with at least one blue morph or species, whereas entirely blue 
Pundamilia populations are frequent (Seehausen & Van Alphen 1999; Seehausen & 
Schluter 2004). This is consistent with our finding that red males did not dominate 
blue males in mixed-color assemblages, as well as with the finding that co-
occurrence of red with blue is beneficial for red males but not necessarily for blue 
males.  
 Own-type aggression biases might generate space for more territorial 
males in a mixed-color assemblage than in a single-color assemblage (Mikami et al. 
2004). Our experiments did not support this prediction: the numbers of males that 
became territorial did not differ between single-color and mixed-color assemblages. 
Because of the small size of our experimental aquaria, our set-up may not have 
been a powerful test of this prediction though. 
 Theory and field observations suggest that frequency-dependent 
intrasexual selection on male nuptial coloration is important not just for co-
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existence of ecologically similar species (Mikami et al. 2004), but also for the 
likelihood of sympatric speciation driven sexual selection by female mate choice 
(Seehausen & Schluter 2004; Van Doorn et al. 2004). Without such negative 
frequency-dependent selection there are three obstacles to sympatric speciation by 
sexual selection. First, the invasion of a novel male trait against the predominant 
female mating preference for the already established trait is problematic. Second, 
the stabilization of polymorphisms in trait and preference in the course of 
speciation is problematic, as is third, the stable co-existence of daughter species 
after speciation is completed (Arnegard & Kondrashov 2004; Van Doorn et al. 
2004). Own-type biases in aggressive interactions between males generates the 
negative frequency-dependent selection required for facilitating invasion and stable 
co-existence of incipient species (Mikami et al. 2004; Seehausen & Schluter 2004; 
Van Doorn et al. 2004; chapter 2 & 3). Research on sympatric speciation by sexual 
selection has traditionally concentrated on the role of divergent female mate choice 
on male nuptial coloration. The possible role of male-male competition in the 
process has only recently been fully appreciated (Mikami et al. 2004; Seehausen & 
Schluter 2004; Van Doorn et al. 2004; this thesis).  
 This paper is a first attempt to test predictions derived from the male-male 
competition co-existence model in semi-natural assemblages of male cichlids. We 
showed (1) that despite dominance of red over blue males in dyadic contests, red 
and blue males do equally well in terms of aggression and social dominance in 
mixed-color assemblages, (2) that aggression is biased towards the own type in 
mixed-color assemblages, (3) that the aggression level was higher in red 
assemblages than in blue assemblages, (4) that co-existence in mixed-color 
assemblages reduced the level of aggression in red males. The results support some 
of the predictions derived from the male-male competition hypothesis, and suggest 
that male-male competition may be a significant force for species co-existence and 
diversification in species-rich cichlid fish communities. 
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