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Introduction

The explosive radiation of cichlid fishes in Lake Victoria

provides ideal model systems to test the hypothesis that

polymorphisms in mate preferences may cause strong

premating isolation and rapid sympatric speciation with

very small genome-wide differentiation. More than 500

haplochromine cichlid species have radiated from few

ancestral populations within the past 100 000 years

(Seehausen et al., 2003; Verheyen et al., 2003), and

most of them perhaps within merely 14 600 years

(Johnson et al., 1996; Nagl et al., 2000; Seehausen,

2002). Both in Lake Victoria and in Lake Malawi

cichlids, there is evidence that behavioural mate choice

based on colour patterns is often the only isolating

mechanism in sympatry (Holzberg, 1978; Marsh et al.,

1981; Seehausen et al., 1997, 1998b; Knight et al., 1998;

Seehausen & van Alphen, 1998; Knight & Turner,

2004).

Several theoretical models have emphasized the

potential for sexual selection to drive rapid allopatric

(Lande, 1981; Kiester et al., 1984; Lande & Kirkpatrick,

1988; Iwasa & Pomiankowski, 1995; Gavrilets, 2000),

parapatric (Lande, 1982; Kirkpatrick & Servedio, 1999;

Kirkpatrick, 2000) or sympatric speciation (Wu, 1985;

Turner & Burrows, 1995; Payne & Krakauer, 1997; van

Doorn et al., 1998, 2004; Higashi et al., 1999; Kawata &

Yoshimura, 2000; van Doorn & Weissing, 2001; Lande

et al., 2001; Gavrilets & Waxman, 2002; Takimoto et al.,

2000). However, empirical evidence is still scarce, and

the generality and/or the biological plausibility of
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Abstract

Disruptive sexual selection on colour patterns has been suggested as a major

cause of diversification in the cichlid species flock of Lake Victoria.

In Neochromis omnicaeruleus, a colour and sex determination polymorphism is

associated with a polymorphism in male and female mating preferences.

Theoretical work on this incipient species complex found conditions for rapid

sympatric speciation by selection on sex determination and sexual selection on

male and female colour patterns, under restrictive assumptions. Here we test

the biological plausibility of a key assumption of such models, namely, the

existence of a male preference against a novel female colour morph before its

appearance in the population. We show that most males in a population that

lacks the colour polymorphism exhibit a strong mating preference against the

novel female colour morph and that reinforcement is not a likely explanation

for the origin of such male preferences. Our results show that a specific

condition required for the combined action of selection on sex determination

and sexual selection to drive sympatric speciation is biologically justified.

Finally, we suggest that Lake Victoria cichlids might share an ancestral female

recognition scheme, predisposing colour monomorphic populations/species to

similar evolutionary pathways leading to divergence of colour morphs in

sympatry.
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conditions under which speciation is observed in such

models is much debated (Turelli et al., 2001; Kirkpatrick

& Ravignè, 2002; Arnegard & Kondrashov, 2004; Kirkpa-

trick & Nuismer, 2004).

Lande et al. (2001) have proposed that multiple speci-

ation events may occur when sex ratio selection and

sexual selection by mutual mate choice interact. The

authors model the invasion of a dominant female

determiner in a male heterogametic system. This might

be a relatively frequent scenario in highly structured

populations where mild inbreeding favours female-

biased population sex ratios (Bull, 1983; Werren et al.,

2002). The models of Lande et al. lead to the evolution of

a new species carrying the dominant female determiner

and an autosomal suppressor that restores the original

male heterogamety. There is evidence that master sex

determiners are not conserved across even closely related

taxa (Saccone et al., 2002; Volff et al., 2003; Peichel et al.,

2004) and recent work suggests rapid evolution of new

sex-determining systems by sequential upstream addition

of new master switches to a relatively conserved regu-

latory pathway (Wilkins, 1995; Zarkower, 2001; Schartl,

2004).

A novel sexually selected trait physically linked to the

female determiner could invade as it would be limited to

females and therefore protected from sexual selection by

female choice. In Lande et al. (2001), the novel trait acts

as a marker for the dominant female gene and this

triggers the evolution of individual male mating prefer-

ences for carriers of the dominant female determiner.

Another appealing feature of these models of speciation

by sexual selection is that genetic variation in mating

preferences is not maintained by mutation or by external

factors such as sudden shifts in the environment affecting

sexual communication, as in most other models of

sympatric speciation, but by means of disruptive selection

(van Doorn et al., 2004).

These speciation models were inspired by Seehausen

et al. (1999a) study on the ecology and the genetics of

colour and sex determination in Neochromis omnicaeruleus,

a member of the rapidly speciating flock of Lake Victoria

cichlids. In this species, some populations are polymor-

phic for male and female colorations and different colour

morphs have identical microdistributions with no mor-

phological or ecological differentiation (Seehausen &

Bouton, 1997; Seehausen et al., 1999a). Three colour

morphs can occur sympatrically: (i) individuals exhibit

dark vertical bars on the flanks, on a blueish (males) or a

yellow-brown (females) background (P morph); alter-

natively, (ii) vertical bars are disrupted and appear as

black blotches on a blueish (males) or white-yellow

(females) background (WB morph); (iii) males and

females exhibit black blotches on a pink to orange

background (OB morph). Intermediate phenotypes exist,

but are rare. Morph frequencies vary between popula-

tions and most populations lack the WB morph alto-

gether. Similar male and female colour polymorphisms

have been observed among other species of Lakes

Victoria, Kivu and Malawi (Snoeks, 1994; Konings,

1995; Seehausen, 1996; Seehausen et al., 1999b; Lande

et al., 2001).

In N. omnicaeruleus, the genes associated with both

blotched phenotypes (WB, OB) are linked to dominant

female determiners (W) on the X chromosome. Their

dominance over Y can be counteracted by autosomal

suppressors (male rescue genes) in the absence of which

female sex-biased clutches are produced (Seehausen

et al., 1999a). Blotched males are therefore carriers of

both the blotch-linked sex ratio distorter and its auto-

somal suppressor. In colour polymorphic populations

(e.g. Makobe Island population), males with the rescue

gene were found to exhibit mate preferences for blotched

females (WB/OB), whereas males without suppressor

preferred females (P) lacking the dominant female

determiner. The resulting selective mating among colour

morphs led Seehausen et al. (1999a) to suggest that the

N. omnicaeruleus polymorphism has properties of an

incipient stage in sympatric speciation by sex ratio

selection and disruptive sexual selection on male and

female coloration.

Despite their potential to provide new insight into the

role sex-linked genes and sex determination might play

in the generation of new species, the models of Lande

et al. (2001) rely on a restrictive assumption regarding

the mate preference state of the ancestral population

invaded by the novel sex-linked female colour. Counter-

intuitively, a male mating preference against the novel

female colour is required to be present before the

appearance of the female colour in the population. Such

pre-existing preference allows the creation of a pool of

females of the novel colour avoided by the majority of

males but available to rare mutant males that mate with

such females sustaining less intense competition for

mating opportunities. The resulting sexual selection on

male mating preferences is necessary to obtain partial

association between novel W-linked colour allele and

novel male preference. However, this assumption may be

problematic as there is no a priori reason to expect the

presence of male mate choice in lekking species with

highly skewed parental investment (Trivers, 1972;

Parker, 1983; Kokko & Johnstone, 2002) such as the

maternal mouthbrooding cichlids of Lake Victoria and

Lake Malawi.

Male mating preferences against novel phenotypes in

monomorphic populations may evolve to prevent hy-

bridization with sympatric species (reinforcement;

Dobzhansky, 1940; Noor, 1999). Alternatively, such

male mating preferences could either represent an

ancestral trait retained in a species that is a member of

a recently radiated clade, or could have evolved by direct

natural selection on mating preferences (Servedio, 2001;

Albert & Schluter, 2004) or as a by-product of competi-

tion and ecological character displacement (Rundle &

Schluter, 1998; Schluter, 2000, 2001).
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Seehausen et al. (1999a) did find male preferences for

and against the blotched female types in a colour

polymorphic population of the Lake Victoria haplochro-

mine N. omnicaeruleus; however, these might have

evolved after the polymorphism appeared, e.g. under

direct selection for genetic compatibility. Males suscept-

ible to the sex ratio distorter would be selected to avoid

mating with female carriers (blotched morphs WB and

OB) and instead to prefer mating with the yellow-brown

female morph (P); resistant males would preferably mate

with female carriers (WB/OB). If this scenario is correct,

we do not expect P monomorphic populations to harbour

male mating preferences for or against P/WB female

colour morphs.

Here we consider a colour monomorphic population

(ancestral population in the model of Lande et al.) of the

cichlid N. omnicaeruleus. We test whether there is any

evidence of individual male mating preferences against

(or for) a novel female colour morph prior to its

occurrence in the population and whether any such

preference could be the result of reinforcement of

prezygotic reproductive isolation against sympatric clo-

sely related species. We find that most males show a

strong mating preference against the novel female morph

(WB), and that males that prefer the ancestral P over the

novel WB females also prefer heterospecific P females

over conspecific WB females. We conclude that a key

assumption of Lande et al. (2001) models of sympatric

speciation by selection on sex determination and mating

preferences reflects real states of natural populations. We

suggest that male Lake Victoria cichlids share a nonspe-

cific ancestral female recognition scheme that might

allow repeated generation of male mating preference

polymorphisms in sympatry, in different populations and

in different cichlid species, potentially leading to symp-

atric speciation, as modelled by Lande et al. (2001).

Materials and methods

Study species

We conducted our experiments on wild-caught

N. omnicaeruleus males from the P monomorphic popu-

lation of Ruti Island, Western Speke Gulf, Lake Victoria.

Female pairs in conspecific trials and control males were

wild-caught individuals from the colour polymorphic

population of Makobe Island, which has been studied in

the past for the presence of polymorphisms in male and

female coloration, sex determination system and mate

preferences (Seehausen et al., 1999a). A WB morph has

never been observed at Ruti Island among more than 400

fishes examined over more than a decade of sampling

(Lande et al., 2001, O. Seehausen, unpublished data

collected between 2000 and 2004). In the Makobe Island

population, more than 16% of the individuals belong to

the WB morph, and Seehausen et al. (1999a) showed

that males from that population are polymorphic for

individual male preferences for female colour morphs.

As a control group for the Ruti Island sample (colour

monomorphic population), males from the colour and

male preference polymorphic population of Makobe

Island, were tested with the same design.

For the conspecific/heterospecific trials, we used WB

females from the Makobe Island colour polymorphic

population of N. omnicaeruleus and P females from the

Ruti Island colour monomorphic population of Neochr-

omis ‘yellow anal scraper’ (Seehausen, 1996). Neochromis

‘yellow anal scraper’ differs very little in head morphol-

ogy and body shape from N. omnicaeruleus but the two

species have very distinct male nuptial coloration and

coexist at several sites, including Ruti Island (Seehausen,

1996). Female Neochromis ‘yellow anal scraper’ are

yellow-brown with dark vertical bars and very similar

in colour pattern to N. omnicaeruleus females. If male

mating preferences in N. omnicaeruleus for P females of

their own species have evolved by reinforcement of

reproductive isolation, males are expected to avoid

mating with P females of the sympatric closely related

species, Neochromis ‘yellow anal scraper’.

Housing conditions

Males were collected at Ruti Island and Makobe Island,

Southern Lake Victoria, and shipped to the laboratory in

Hull where they were kept in large population tanks.

Few months prior to the start of the experiment and for

the entire duration of the experiment, males were kept in

individual 19 · 19 · 18 cm aquaria allowing no visual

contact with either females, or with heterospecifics with

female-like colour patterns. Individual females were kept

in transparent plastic enclosures inside larger tanks. The

enclosures were identical to the ones used in the trials.

All aquaria were maintained at 26 ± 2 �C and illumin-

ated with daylight fluorescent bulbs on a 12 : 12 h

light : dark cycle. Fish were fed twice a day with flake

food and a vitamin-enriched mix of mashed prawns and

peas.

Experimental design

We simultaneously presented N. omnicaeruleus males

from the colour monomorphic population of Ruti Island

with a yellow-brown (P) female and a black and white

blotched (WB) female, both from the colour polymorphic

population of Makobe Island. By using both female

morphs from the same island, which is not the island the

males came from, we control for possible ‘own popula-

tion’ effects on male mating preferences. The number of

lateral displays towards females was used as a measure of

male courtship intensity. Lateral displays are widely used

as the standard measure of cichlid courtship behaviour

(e.g. Baerends & Baerends-van Roon, 1950; Carlstead,

1983; McElroy & Kornfield, 1990; Seehausen & van

Alphen, 1998; Maan et al., 2004). A standardized mean
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preference score was calculated as the ratio (lateral

displays to P female ) lateral displays to WB female/total

number of lateral displays).

The model of Lande et al. (2001) requires the presence

of individual males with consistent male preferences for

female coloration. Each experimental male was tested

with six to eight different female pairs, and Wilcoxon

signed rank tests were performed on the number of

lateral displays to determine whether there were consis-

tent individual preferences for either female colour

morph. Wilcoxon signed rank tests on mean standardized

lateral display scores of each male were used to compare

direction and strength of male preferences between

conspecific and heterospecific choice trials. No difference

between female colour morphs was identified with

respect to standard length, weight or gravidity stage in

female pairs (Wilcoxon signed rank tests: all n.s.).

We performed one-sample t-tests on the arcsin-

transformed mean preference scores for the two separate

male populations to test for deviation from the null

expectation of no preference.

Mate choice trials

Individual males were given the choice between a P

morph female and a WB morph female each placed in a

transparent plastic enclosure at either end of a

100 · 40 · 40 cm experimental aquarium. Males were

introduced into the experimental aquarium and left to

acclimatize overnight. The following day, a yellow-

brown barred female (morph P) and a blotched female

(WB) were placed each in a plastic enclosure. For each

trial a different set of females was used and every male

was only tested once with each female. Males were left in

the experimental tank between trials, and were tested

with no more than three female pairs a day. The left and

right positions of P and WB females were rotated

randomly between trials. Male behaviour was video

recorded and scored for 20 min from its first interaction

with a female, defined as approaching the female to a

distance of <20 cm. Trials in which the male did not

interact with either female were discarded. After a trial,

standard length (to the nearest 0.5 mm) and weight (to

the nearest 0.1 g) were measured for each female.

Gravidity stage was also assessed using a 1–5 score as

follows: 1, immature/recently spent; 2, early ripening; 3,

ripening; 4, fully ripe; 5, spent.

Results

We conducted 45 conspecific morph choice trials using

seven wild-caught males from the colour monomorphic

Ruti Island population (R1–R7) and 52 conspecific

morph choice trials on seven wild-caught males of the

colour polymorphic Makobe Island population (M1–M7).

When tested with a conspecific female colour morph

pair (P vs. WB) from a polymorphic population (Makobe

Island; open bars in Fig. 1), six Ruti Island males had

consistent mate preferences for the P over the WB female

colour morph, one male (R1) did not show significant

preferences, whereas none showed preference for

females of the WB morph (Ruti Island males R1–R7:

Wilcoxon signed rank tests: Table 1 and Fig. 1, shaded

bars). An overall P-value, obtained from the individual

Wilcoxon signed rank tests, using Fisher’s combined

probability test, was highly significant (v214 ¼ 43.110;

P < 0.001).

In contrast to the results for Ruti Island males and in

line with a previous study (Seehausen et al., 1999a),

males from the colour polymorphic population (Makobe

Island) exhibited individual variation in the direction of

male mating preferences for female colour morph, with

all three preference conditions, i.e. preference for P (male

M1), preference for WB (males M3, M5–M7) and no

preference (males M2, M4), represented (Wilcoxon

signed rank tests: Table 1 and Fig. 1, open bars). Male

preferences were significantly different from zero in the

colour monomorphic Ruti population (t ¼ 6.054, P ¼

0.001) but not significantly different from zero (i.e. no

preference) in the colour polymorphic Makobe popula-

tion (t ¼ )1.508, P ¼ 0.182).

To explore the possibility that reinforcement or repro-

ductive character displacement is responsible for Ruti

Island male preferences for the P female morph, we ran

12 conspecific/heterospecific choice trials on six Ruti

Island males (R1–R5, R7), testing them with P females of

the sympatric Neochromis ‘yellow anal scraper’ vs. con-

specific N. omnicaeruleus WB females from the polymor-

phic population (Makobe Island). Ruti Island males

preferred the heterospecific P female over the conspecific

WB female. Male preferences in conspecific/heterospe-

cific choice trials did not differ from those in conspecific

choice trials (Wilcoxon signed rank test on mean pref-

erence scores: n ¼ 6, Z ¼ )0.105, P ¼ 0.917; Fig. 2).

No significant differences were found in male court-

ship with regard to female size (standard length), weight

or gravidity stage (Wilcoxon signed rank tests, all n.s.).

Discussion

Our results are consistent with the hypothesis that a male

mating preference for P females in N. omnicaeruleus pre-

dates the origin of female colour polymorphism. We have

shown that individual males in a colour monomorphic

population (Ruti Island) have significant preferences

against females of a novel colour. In contrast, males of

a colour polymorphic population (Makobe Island)

showed variation in male preferences for or against the

alternative female colour morphs, confirming results of

an earlier study (Seehausen et al., 1999a). The novel

male mating preference for females of the WB morph,

observed in some males of the polymorphic population of

Makobe Island is, therefore, likely to have evolved by

selection on male mating preferences. There is evidence
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that male mating preferences for female coloration have

a genetic basis in the Makobe Island population of

N. omnicaeruleus (Seehausen et al., 1999a; O. Seehausen

& Y. Brandsen, unpublished) and in the Malawi cichlid

Pseudotropheus zebra ‘gold’ (M.E.R. Pierotti, unpublished).

Consistent with the potential for male preferences to

evolve, we observed variation in the strength of mating

preference among the Ruti Island males. These results

lend support to the speciation pathways envisaged by

Lande et al. (2001), showing the biological plausibility of

a critical model assumption, and suggesting that a

condition of ancestral pre-existing male preferences

might be a shared state among the rockdwelling cichlid

species of Lake Victoria.

Males from Ruti Island use female coloration to

identify potential partners: when given the choice

between a conspecific blotched female (WB morph)

from an allopatric population and a heterospecific

yellow-brown female (P morph) from a sympatric

species, males expressed a preference for the sympatric

heterospecifics. Together with the fact that yellow-

brown coloration is widespread in females of the

haplochromine cichlid species flock of Lake Victoria

(Greenwood, 1974, 1981; Seehausen, 1996) and repre-

sents most of the female fish community at Ruti Island,

this suggests that male preferences are unlikely to be

the product of reinforcement of reproductive isolation

against closely related species. Instead it seems likely

that a mating preference for a female colour that is

shared among most species in Lake Victoria represents

Fig. 1 Individual male preference scores

[(lateral displays to P female ) lateral dis-

plays to WB female)/total number of lateral

displays]. Positive preference score values

indicate male preference for P females, neg-

ative values indicate male preference for WB

females. Shaded bars: wild-caught Ruti

Island males (R1–R7); open bars: wild-

caught Makobe Island males (M1–M7), both

groups tested with P/WB Makobe Island

females. Data are given as boxplot diagrams

showing medians (middle line in the boxes),

first and third quartiles (boxes) and range

(whiskers). Significance levels are derived

from P-values based on Wilcoxon signed-

ranks tests on male choice trials: *P < 0.05

(see also Table 1).

Table 1 Z and P values of Wilcoxon signed-ranks tests of male

mating preference (number of courtship displays).

Male Preference Z P N

R1 No pref. )1.05 0.29 6

R2 P )1.99 0.046* 6

R3 P )2.03 0.042* 8

R4 P )2.21 0.027* 7

R5 P )2.04 0.041* 6

R6 P )2.21 0.027* 6

R7 P )2.23 0.026* 6

M1 P )2.201 0.028 6

M2 No pref. )0.070 0.944 8

M3 WB )2.197 0.028 7

M4 No pref. )1.352 0.176 8

M5 WB )2.371 0.018 7

M6 WB )2.033 0.042 8

M7 WB )2.524 0.012 8

Males R1–R7 are wild-caught individuals from the Ruti Island

(monomorphic) population; males M1–M7 are wild-caught indi-

viduals from the Makobe Island (polymorphic) population.
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an element of an ancestral mate recognition system.

This may have evolved by direct selection or by

reproductive character displacement against distantly

related species prior to the adaptive radiation in Lake

Victoria, or at least prior to the radiation of Neochromis.

The riverine ancestors of the Lake Victoria cichlids lived

in sympatry with other distantly related cichlids of the

genera Astatoreochromis, Pseudocrenilabrus and Oreochr-

omis. The females of these species differ in coloration,

and hybrids between Lake Victoria cichlids (and most

likely their common ancestor) and these cichlids are

probably inviable (F. Witte, pers. comm. for Astatore-

ochromis; A. Smith, pers. comm. for Oreochromis) or at

least infertile. Therefore, a preference against blotch

may be the by-product of selection on mate recognition

in the ancestral population that gave rise to the Lake

Victoria radiation. By contrast, hybrids between species

that belong to the radiation are fully fertile (Crapon de

Caprona & Fritzsch, 1984; Crapon de Caprona, 1986;

Seehausen et al., 1997), as is not surprising given the

extreme young age of the radiation. This makes a

recent origin by reinforcement of male mating prefer-

ences for yellow-brown females in Neochromis an

implausible scenario. There is growing evidence for

the effects of historical processes on mating preferences

across speciation events (Ryan et al., 2001). For exam-

ple, in some Drosophila species female preferences for

ancestral traits can persist in descendant populations

where such preferences apparently lack any function

(Kaneshiro, 1983). The gynogenetic fish Poecilia formosa,

originated by hybridization about 10 000–100 000 years

ago (Avise et al., 1991), shows female preferences, in

the absence of any male genetic contribution to the

offspring, that derive from its sexual parental species,

P. latipinna and P. mexicana (Marler & Ryan, 1997).

An alternative explanation for the presence of male

mating preferences in the N. omnicaeruleus monomorphic

population of Ruti Island, involves effects of blotched

coloration. A black and white blotched (WB) colour

morph is not known for the Ruti Island population but an

orange mottled morph, the heterozygous form of orange

blotch (OB), was present in catches of the years 1991–

1992 (0.6% frequency), but was never again seen in

samples of several hundred females taken in the years

1993, 1995, 1996, 2000, 2002 and 2003 (O. Seehausen,

unpublished). We do not know whether N. omnicaeruleus

males distinguish between the different female base

colours, i.e. yellow-brown (P morph), orange (OB

morph), or yellow-whitish (WB morph), or whether

they rely on the regular black bar pattern in P females as

opposed to the disrupted pattern (blotched or mottled) in

WB and OB females, or a combination of the two criteria.

If orange-blotched and white-blotched colorations are

equivalent for males, then the evolution of male prefer-

ences against WB females (i.e. for P females) could have

been driven by the presence of an orange-blotched

morph in this population in the past. In this scenario, a

male preference against blotch could have evolved to

avoid female-biased broods and perhaps, reduced clutch

size due to the production of inviable YY individuals.

Following the extinction of blotched morphs at Ruti

Island, a preference for blotch would possibly be selected

against. A male preference for plain females, on the other

hand, would probably not be costly, and would more

likely have been retained. Therefore, a past invasion/

extinction of blotch would prepare the conditions for a

Fig. 2 Male preference scores in conspecific

choice trials (Neochromis omnicaeruleus Mak-

obe Is. females of P and WB colour morph)

and in conspecific/heterospecific choice trials

(Neochromis ‘yellow anal scraper’ Ruti Island

females of P morph and N. omnicaeruleus

Makobe Island females of WB morph). Data

given as in Fig. 1.
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second invasion, this time triggering the evolutionary

dynamics of Lande et al., leading to rapid sympatric

speciation.

Regardless of the historical path that led to the origin of

male mating preferences in the Ruti Island population,

our results indicate that the assumption of a pre-existing

male mating preference, which is required for Lande et al.

model of sympatric speciation by selection on sex reversal

and sexual selection, is biologically realistic. If a blotch-

linked dominant female determiner now invaded a

population monomorphic for female coloration and male

mating preferences such as the Ruti Island population we

studied (e.g. by dispersal of blotched individuals from

Makobe Island, 10 km away), we might witness the

development of similar polymorphisms in sex determin-

ation, mate preferences and both male and female colour

patterns, leading to assortative mating between colour

morphs and potentially divergence in sympatry.

The brown-barred/blotch colour polymorphism is well

represented in both Lake Victoria and Lake Malawi

rockdwelling cichlid radiations (Greenwood, 1981;

Konings, 1995; Seehausen, 1996) and a polymorphism

in male mating preferences for either brown barred (P) or

blotched (OB) female coloration has been found in the

colour polymorphic cichlid P. zebra ‘gold’, a member of

the Lake Malawi cichlid species flock (M.E.R. Pierotti

et al., unpublished). Knight & Turner (1999) showed that

males of P. zebra ‘gold’ and of a sympatric closely related

species were unable to distinguish conspecific from

heterospecific females of the same colour morph, sug-

gesting that reinforcement is unlikely to be responsible for

male preference evolution in the P. zebra species complex.

Although our experiment does not specifically address

this issue, we suggest that male Lake Victoria (and

possibly Lake Malawi) haplochromine cichlids might

share a nonspecific ancestral female recognition scheme

(brown with dark vertical bars). Future studies should

specifically test this possibility: if confirmed, this would

suggest that any population/species monomorphic for

female coloration (andmale mating preferences) might be

prone to the evolution of male mating preference poly-

morphisms in sympatry, following invasion by blotch-

linked female determiners, and might diverge in symp-

atry, as modelled by Lande et al. (2001). Moreover,

although these models were inspired by a particular

colour polymorphism, there is no reason why any other

novel female trait, acting as a marker for a new sex

determiner, could not trigger similar speciation dynamics.

There is growing evidence that sex ratio distorters may

be more widespread than previously assumed (Hurst &

Pomiankowski, 1998) and that the nature of the selfish

elements involved is likely to determine whether male,

female or mutual mate preferences evolve. Cytoplasmatic

factors are thought to be responsible for male mate

choice in the butterfly Acraea encedon (Randerson et al.,

2000); sex ratio meiotic drive genes have shaped female

preferences in stalk-eyed flies (Wilkinson et al., 1998a,b;

Lande & Wilkinson, 1999); dominant X-linked female

determiners have triggered the evolution of male and

female mating preferences in the Lake Victoria cichlid

fish N. omnicaeruleus. The blotch polymorphism, wide-

spread in the haplochromine cichlids of Lakes Victoria

and Malawi (Kocher, 2004), can provide new insights in

the interplay between sex ratio distorters, sexual selec-

tion, and the evolution of reproductive isolation. Perhaps

this interplay is at the heart of rapid speciation events in

the cichlid flocks of the East African Lakes.
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