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Sexual conflict has been suggested as a general cause of genetic diversification in reproductive characters, and as a possible cause

of speciation. We use individual-based simulations to study the dynamics of sexual conflict in an isolated diploid population with

no spatial structure. To explore the effects of genetic details, we consider two different types of interlocus interaction between

female and male traits, and three different types of intra-locus interaction. In the simulations, sexual conflict resulted in at least

the following five regimes: (1) continuous coevolutionary chase, (2) evolution toward an equilibrium, (3) cyclic coevolution, (4)

extensive genetic differentiation in female traits/genes only, and (5) extensive genetic differentiation in both male and female

traits/genes. Genetic differentiation was hardly observed when the traits involved in reproduction were determined additively

and interacted in a trait-by-trait way. When the traits interacted in a component-by-component way, genetic differentiation was

frequently observed under relatively broad conditions. The likelihood of genetic differentiation largely depended on the number of

loci and the type of within-locus dominance. With multiple loci per trait, genetic differentiation was often observed but sympatric

speciation was typically hindered by recombination. Sympatric speciation was possible but only under restrictive conditions. Our

simulations also highlight the importance of stochastic effects in the dynamics of sexual conflict.
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Sexual conflict—a conflict between the evolutionary interests of

individuals of the two sexes (Parker 1979, 2006)—occurs when the

interests of the sexes differ with regard to certain characteristics of

reproduction. For example, male fitness typically increases with

mating rate, but a too high mating rate is often deleterious for

females (e.g., Arnqvist and Nilsson 2000; Arnqvist and Rowe

2005; Maklakov et al. 2005). The difference in interests can cause

an evolutionary arms race between the sexes in which females

evolve resistance to increased mating rate whereas males evolve

an ability to overcome female resistance (Holland and Rice 1998;

Arnqvist and Rowe 2005). Sexual conflict has been suggested

as a general cause of continuous and rapid coevolution in traits

controlling reproductive characters (reviewed in Rice and Holland

1997; Holland and Rice 1998; Rice 1998; Chapman et al. 2003;

Pizzari and Snook 2003; Arnqvist and Rowe 2005).

Many empirical studies have supported the idea that sex-

ual conflict can cause antagonistic coevolution between sexes.

Arnqvist and Rowe (2002) provide strong empirical evidence

for a coevolutionary arms race between male and female arma-

ments (clasping and anti-clasping morphologies) in water striders.
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Experiments with Drosophila (Rice 1996; Holland and Rice 1999;

Pitnick et al. 2001a,b) and the dung fly Sepsis cynipsea (Martin

and Hosken 2003) directly show that sexual conflict causes rapid

coevolution in reproductive traits. Molecular studies also demon-

strate rapid evolution in many genes that mediate sexual repro-

duction, such as those involved in gamete recognition (reviewed

in Swanson and Vacquier 2002). At least some of these examples

may be explained by selection for avoidance of polyspermy (e.g.,

Howard et al. 1998), which is an important example of conflict

over mating rate.

Theoretical studies support the idea that sexual conflict can

cause rapid antagonistic coevolution (reviewed in Gavrilets and

Hayashi 2005). Models of conflict over mating rate have demon-

strated a variety of coevolutionary dynamics including evolution-

ary chase (Gavrilets 2000; Gavrilets et al. 2001; Gavrilets and

Waxman 2002; Gavrilets and Hayashi 2006), cyclic coevolution

(Gavrilets et al. 2001; Haygood 2004; Rowe et al. 2005), stable

equilibrium (Gavrilets et al. 2001; Rowe et al. 2005), and random

genetic drift along a line of equilibria (Gavrilets 2000). Moreover,

models suggest that sexual conflict can cause genetic differenti-

ation in reproductive traits (Frank 2000; Gavrilets and Waxman

2002) and eventual sympatric speciation (Gavrilets and Waxman

2002). These earlier models have a number of important limi-

tations, however. First, models adopting a quantitative genetics

approach (e.g., Gavrilets 2000; Gavrilets et al. 2001; Rowe et al.

2003, 2005) treat underlying genetics in an implicit, approximate

way, by assuming constancy of genetic variances and weak selec-

tion. To assume constant genetic variance prevents examination

of genetic differentiation, a possible primary consequence of sex-

ual conflict. Those models that consider explicit genetics allow

for only a single locus per sex (e.g., Gavrilets and Waxman 2002;

Haygood 2004), yet the number of loci involved in reproductive

interaction can be large (Ritchie and Phillips 1998) and the number

of loci can strongly affect the likelihood of sympatric speciation

(Arnegard and Kondrashov 2004; Gavrilets 2004). Gavrilets and

Waxman (2002) analyze only the haploid case, but dominance in

diploid models can be an important factor determining coevolu-

tionary dynamics (Haygood 2004).

Here, we use individual-based simulations to study diploid,

multilocus, and multiallele models of sexual conflict over mat-

ing rate. We consider two different types of interlocus interaction

between female and male traits, and three different types of intra-

locus interaction. The primary goal of this paper is to study the

effects of these genetic details on the evolutionary dynamics of

sexual conflict.

Model and Methods
We assume reproductive interactions are mediated by two inde-

pendent sex-limited traits: a female (or egg) trait x and a male (or

sperm) trait y (see Table A1 for a glossary of notation). Each trait

is controlled by L/2 unlinked diploid loci, each with 32 alleles,

labeled by integers from 0 to 31 (the numeric value is the allelic

effect). Mutation patterns are specified by the stepwise mutation

model (e.g., Nei et al. 1983), so that allele i can only mutate to

alleles i − 1 or i + 1, each with probability �/2. Alleles 0 and 31

can mutate only to alleles 1 and 30, respectively, with probability

�/2.

The probability that a female with trait x will mate upon

encountering a male with trait y is

� (d) = exp(−�d2), (1)

where d is the genetic or phenotypic distance between the female

and male (defined below), and where the parameter � controls

the range of compatibility between x and y. The function � (d) is

analogous to the so-called preference function common in models

of sexual selection (e.g., Lande 1981; Gavrilets 2004). A female’s

mating rate is the proportion P of males she mated with (out

of the number of males she encountered). Female fitness should

increase with P at small values of the mating rate (with more

acceptable/compatible males comes an increased probability of

successful fertilization), whereas high values of P should depress

female fitness because of various costs of mating (reviewed in

Arnqvist and Rowe 2005). Following previous work (Gavrilets

2000; Gavrilets et al. 2001; Gavrilets and Waxman 2002), female

fertility is defined by a function maximized at Popt(0 < Popt < 1):

the overall number Wf of offspring produced by a female having

mating rate P is

W f = Bmax exp[−sc(P − Popt)
2], (2)

where Bmax is the maximum possible number of offspring, and sc

is the strength of selection (by sexual conflict) in females.

GENETIC AND PHENOTYPIC DISTANCES BETWEEN

FEMALE AND MALE TRAITS

We use two different models to calculate the genetic and pheno-

typic distance d between reproductive traits.

Genetic distance models
In general, compatibility between the sexes (e.g., genetic, behav-

ioral, etc.) is expected to depend on the degree of matching be-

tween a number of specific components. In the genetic distance

models, distance is given by the sum d = �
L/2
i=1 di of locus-by-

locus differences between female and male loci (di is the genetic

distance between the ith female locus and the corresponding ith

male locus). In the calculation of di, we assumed three different

types of dominance. In the additive case, alleles contribute addi-

tively at each locus, so that di = |([fi + f ′
i] − [mi + m′

i])/2 |,
where fi and f ′

i [mi and m′
i] are the allelic values of maternal and

EVOLUTION MARCH 2007 517



TAKEHIKO I. HAYASHI ET AL.

paternal alleles at the ith female [male] locus. In the directional

dominance case, alleles with larger effect are always dominant

over alleles with smaller effect, di = | max (fi, f ′
i) − max (mi,

m′
i) |. In the codominance case, di is the average of the distances

over four pairs of allele combinations, di = (|fi − mi | + |fi −
m′

i | + |fi
′ − mi | + |f ′

i − m′
i |)/4.

Phenotypic distance model
In the phenotypic distance model, values of traits are given by

sums x = �
L/2
i=1 ( fi + f ′

i ) and y = �
L/2
i=1 (mi + m ′

i ) of the allelic

effects of the corresponding alleles. Phenotypic distance d be-

tween female and male traits is d = |x − y | (Gavrilets 2000;

Gavrilets et al. 2001). Note that in two-locus models (L = 2), the

additive genetic distance model is qualitatively equivalent to the

phenotypic distance model.

DIRECT NATURAL SELECTION ON THE TRAITS

Direct natural selection on female and male traits is incorporated

as follows. In the phenotypic distance model, female viability is

given by W nat = exp (− sx(x − xopt)2), where x is the phenotypic

value of the female trait, sx is the strength of natural selection,

and xopt is the optimum trait value for x with respect to natural

selection. In the genetic distance model, stabilizing selection acts

on allelic effects at each individual locus. Female viability is given

by Wnat = exp(−sx d2
nat), where dnat = �

L/2
i=1 |( fi + f ′

i )/2 − xopt|
in the additive case, dnat = �

L/2
i=1 | max( fi , f ′

i ) − xopt| in the di-

rectional dominance case, and dnat = �
L/2
i=1 (| fi − xopt| + | f ′

i −
xopt|)/2| in the codominance case. Male viability is defined

similarly.

NUMERICAL PROCEDURE

We performed individual-based simulations based on constant size

populations containing N individuals. Generations are distinct and

nonoverlapping, produced according to the following procedure.

Each female encounters n uniformly sampled males. At each en-

counter, the mating probability is �(d) = exp (−�d2). The overall

number of offspring produced by a female is Bmax exp [ − sc(P −
Popt)2], except if she mates with no male (P = 0), in which case she

has no offspring. For each offspring, a male is randomly chosen as

the father from those males who mated with the mother. Offspring

are produced with account of mutation and recombination (all loci

are unlinked), and offspring sex is assigned randomly. Viability of

offspring is taken into account by discarding each offspring with

probability 1 − W nat. After producing all offspring (if any) from

all females by the procedure above, N offspring are sampled to

form the next generation.

Simulations started with a monomorphic population where

all individuals have allele 16 at all loci. We ran each simulation

for 25,000 generations, and performed 20 simulations for each

parameter set. The following parameter values were used: muta-

tion rate per locus � = 5.0 × 10−5 or 10−5; strength of female

preference � = 0.01 or 0.05; optimum female mating rate Popt =
0.2, 0.4, 0.6, or 0.8; strength of selection (by sexual conflict) in

females sc = 1.02 or 4 × 1.02; number of loci L = 2, 8, or 32;

population size N = 1000 or 10,000. For the simulations discussed

in this article, the number of males each female encounters is n =
20, and the maximum possible number of offspring is Bmax = 5.

Unless specified otherwise, there is no natural selection on the

traits (i.e., sx = sy = 0).

STATISTICS AND DATA ANALYSIS

We used the following characteristics and methods to describe the

evolutionary dynamics and genetic structure of each population.

Locus effect
In the phenotypic distance model, the locus effect xi of the ith

female locus is the sum xi = fi + f ′
i of allelic effects at the locus.

For the three genetic distance models the locus effect is xi = (fi +
f ′

i)/2 in the additive case, xi = max (fi, f ′
i) in the directional

dominance case, and xi is an allele randomly chosen from either fi

or f ′
i in the codominance case. The locus effect yi of the ith male

locus is defined similarly.

Frequency of genetic differentiation
To measure the likelihood of genetic differentiation, we used the

number of simulations (out of 20 runs) in which the population

exhibits a distinct bimodal or multimodal distribution of allelic

effects in any locus at generation 25,000. To measure the likeli-

hood of sympatric speciation, we used the number of simulations

in which the population exhibits sympatric speciation at gener-

ation 25,000. Sympatric speciation is considered to occur when

a population meets all of the following conditions: (1) there are

distinct genetic clusters, (2) the average probability of mating be-

tween individuals from different clusters is less than 0.001, (3) the

cumulative frequency of recombinants between different clusters

is less than 5%.

Haplotype network
We used TCS (Clement et al. 2000) to create a haplotype network

of each population. Our goal was not to estimate the “phyloge-

netic relationship” among individuals, but to graphically illustrate

genetic structure of multilocus populations. Given that purpose,

we ignored the historical process underlying differences among

haplotypes and considered all differences as parsimonious. In this

case, the estimation algorithm of TCS based on statistical parsi-

mony (Templeton et al. 1992) links up nearest haplotypes step

by step until all haplotypes are connected in a single network

(Templeton et al. 1992; Clement et al. 2000). TCS also identifies

potential products of recombination, inferred by loops in a hap-

lotype network (Templeton et al. 1992). To analyze with TCS,

518 EVOLUTION MARCH 2007



GENETIC DIFFERENTIATION BY SEXUAL CONFLICT

Figure 1. Examples of coevolutionary dynamics in the genetic distance model with two loci. Average locus effects (upper row) and

variances of locus effects (middle row) of the female (solid lines) and male (dashed lines) loci, and average mating rate P̄ (lower row).

Within-locus interaction is (A) directional dominance, (B) codominance, or (C) additive. Parameters: Popt = 0.4, � = 0.01 (A, C) or 0.05 (B),

s = 1.02, � = 0.5 × 10−5, N = 10,000.

we converted haplotypes into a compatible format (PHYLIP se-

quence file format) keeping character distances among haplotypes

unchanged.

Results
GENETIC DISTANCE MODELS

Two-locus model
In the genetic distance models with two loci (L = 2), the dynamics

depend largely on the type of dominance.

The directional dominance case.—Evolutionary chase

(i.e., continuous change in the average allelic effects of female

and male traits) without within-population genetic differentiation

was the most common outcome (Fig. 1A and Table 1a). The di-

rection of chase changes to the opposite once a boundary of pos-

sible trait values is reached. During the chase, evolution toward

larger allelic values was much faster than in the opposite direc-

tion (Fig. 1A). This reflects the fact that dominant alleles are

easier to fix than recessive ones (e.g., Crow and Kimura 1970).

When sexual conflict was weak (i.e., Popt = 0.8), genetic differ-

entiation only in the female locus was also frequently observed

(Table 1a).

The codominance case.—Genetic differentiation in the

female locus was frequently observed (Table 1b). The frequency

of differentiation increased as the strength of sexual conflict de-

creased (i.e., Popt increased) (Table 1b). However, given that some

differentiation occurred, the degree of differentiation (variance in

locus effect) increased as Popt decreased. In the simulations de-

scribed in Table 1b, the average variance of locus effect in the

female locus (at generation 25,000) when differentiation in the

female locus occurred was 152.26 for Popt = 0.2 and 17.48 for

Popt = 0.8. When differentiation occurred only in the female lo-

cus, males got trapped between the two diverged female allele

clusters (Fig. 2A), and the average mating rate decreased to val-

ues relatively close to Popt (Fig. 1B). We call this the “Buridan’s

Ass regime,” which is characterized by extensive differentiation in

females with no corresponding differentiation in males (Gavrilets

and Waxman 2002). Once this regime begins, the speed of co-

evolutionary chase is significantly reduced (see Fig. 1B around

generation 7500 when alleles in the female locus diverge). When

Popt was small enough (i.e., sexual conflict was strong), subse-

quent genetic differentiation in the male locus often followed the

differentiation in the female locus (Figs. 1B, 2B–C, and Table 1b).

When both female preference and sexual conflict were strong (�

= 0.05 and Popt = 0.2), differentiation in the loci of both sexual

traits often increased to a level that provided strong reproductive

isolation between the differentiating genetic clusters, that is, sym-

patric speciation (Table 1c, Figs. 3A and 2C). In some simulation

runs, the distribution of locus effect in the female loci exhibited

more than two peaks (Fig. 2C).

The additive case.—Continuous evolutionary chases with-

out genetic differentiation were always observed (Fig. 1C and

Table 1f). With the same parameter configuration, the likelihood

of genetic differentiation was smaller in the additive case than in

the codominance or direct dominance cases (compare Table 1f,

a, and b). This observation can be explained by how the type of

dominance affects the “incentive” for females to differentiate. In

the Buridan’s Ass regime, which is characterized by the extensive

differentiation in females without corresponding differentiation in

males, females “try” to reduce their mating rate by increasing their

genetic variance. In this regime, allelic effects of a male locus in

the genetic distance model is typically intermediate between those

of diverged female alleles at the corresponding female locus. Link-

age disequilibrium is nearly absent (because mating is effectively

random) and heterozygous female loci are always common. In this

situation, the additive allelic interaction provides smaller incentive
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Table 1. The effect of the optimal mating rate for females (Popt)

and the type of dominance on the average mating rate ( P̄ ) and

the likelihood of genetic differentiation in the genetic distance

model with two loci. Shown is the median of P̄ , with the 10th and

90th percentiles in parentheses. P̄ is recorded at generation 25,000.

Within-locus interaction is (a) directional dominance, (b–e) codom-

inance, or (f) additive. Parameters are sc = 1.02, � = 5 × 10−5, N =

10,000, and � = 0.01 except (c): � = 0.05, (d): � = 10−5, and (e):

sc = 4 × 1.02.

Differentiation1

Popt P̄ F M SS

(a) .2 .91 (.84, .97) 0 0 0
.4 .96 (.83, .99) 0 0 0
.6 .96 (.91, .99) 1 0 0
.8 .85 (.78, .99) 12 0 0

(b) .2 .85 (.34, .98) 5 3 0
.4 .91 (.40, 1.00) 7 3 0
.6 .67 (.59, .98) 14 0 0
.8 .81 (.80, .91) 19 0 0

(c) .2 .68 (.32, .93) 9 9 8
.4 .42 (.41, .47) 18 18 0
.6 .64 (.63, .66) 20 0 0
.8 .85 (.82, .89) 20 0 0

(d) .2 .98 (.76, 1.00) 1 1 0
.4 .99 (.94, 1.00) 0 0 0
.6 .97 (.84, 1.00) 3 0 0
.8 .98 (.85, 1.00) 5 0 0

(e) .2 .95 (.52, 1.00) 0 0 0
.4 .99 (.41, 1.00) 2 2 0
.6 .78 (.70, .99) 1 0 0
.8 .95 (.82, .99) 4 0 0

(f) .2 .95 (.81, 1.00) 0 0 0
.4 .99 (.90, 1.00) 0 0 0
.6 .97 (.95, .99) 0 0 0
.8 .99 (.98, 1.00) 0 0 0

1The number of simulation runs (out of 20 runs) in which sympatric

speciation (SS) or differentiation in any female locus (F) or any male locus

(M) was observed at generation 25,000.

for females to differentiate than the codominance or directional

dominance allelic interaction because the heterozygous female

loci with diverged alleles still suffer high compatibility with the

average male trait. To illustrate this, let us consider a population

in the Buridan’s Ass regime under the genetic distance model in

which a female locus has alleles 12 and 20 and the corresponding

male locus has allele 16. For a homozygous female locus, the ge-

netic distance between female and male loci is 4 (i.e., |16 − 20|
or |16 − 12|) irrespective of the type of dominance. For a het-

erozygous female locus, the distance remains 4 in the directional

dominance case (i.e., |16 − 20|) and the codominance case (i.e.,

(|16 − 20| + |16 − 12|)/2). However, the genetic distance is zero

in the additive case (i.e., |16 − (20 + 12)/2|), which suggests that

differentiation (into the Buridan’s Ass regime) is not an effective

way to reduce mating rate in the additive case if heterozygous loci

with diverged alleles are common (as observed under the Buri-

dan’s Ass regime). This effect of heterozygous loci in the additive

case predisposes females to evolve away from males (as in the

continuous coevolutionary chase regime) rather than differentiate

(as in the Buridan’s Ass regime) as a strategy for reducing their

mating rate.

As for the effects of parameter values, strong female preference

(� = 0.05) increased the likelihood of genetic differentiation in

both sexes in the codominance case (Table 1c), but only in the fe-

male locus in the directional dominance case (data not shown). In

the additive case, strong female preference often caused small dif-

ferentiation in females when sexual conflict was weak (Popt = 0.8;

data not shown). Decreased mutation rate (Table 1d) and stronger

selection (by sexual conflict) in females (Table 1e) suppressed

the likelihood of genetic differentiation. No genetic differentia-

tion was observed when the population size was small (N = 1000;

data not shown).

Eight-locus model
In the genetic distance model with eight loci (L = 8), the dynamics

depend on the type of dominance.

The directional dominance case.—Differentiation in

both sexes was commonly observed when sexual conflict was suf-

ficiently strong (Popt ≤ 0.4; Table 2a and Fig. 4A). The dynamics

of coevolutionary chase and diversification was typically com-

plex. First, each male–female pair of corresponding loci evolved

largely independently (Fig. 4A). Different regimes were often ob-

served at different loci at the same time, and more than one locus

often exhibited differentiation at the same time (Figs. 4A and 5).

In addition, rapid stochastic transitions between different regimes

in a single locus (i.e., creation and breakdown of genetic diversi-

fication) were also frequently observed. For example, Figure 4A

shows loss of genetic variation in the third and fourth pair of loci

(near generations 17,000 and 12,000, respectively). This sudden

loss of genetic variation was caused by the extinction of one clus-

ter of diverging alleles. When sexual conflict was relatively weak

(Popt ≥ 0.6), differentiation was observed only in the female trait

(Table 2a). Decreased mutation rate (� = 10−5) suppressed the

likelihood of genetic diversification (data not shown). Stronger

selection in females (sc = 4 × 1.02) did not significantly change

the qualitative results (data not shown).

Even when genetic differentiation occurred in both sexes, the

population did not form distinct reproductively isolated clusters;

no sympatric speciation was observed. Genetic differentiation did

occur in multiple loci, but formation of large and distinct genetic

clusters was suppressed by recombination among diverged loci.

Figure 3B is a typical example (for the directional dominance
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Figure 2. The distribution of locus effects in the genetic distance model with two loci. (A) Differentiation in the female locus only (the

“Buridan’s Ass” regime). The population is from the simulation shown in Figure 1B at generation 7500. (B) Differentiation in both female

and male loci. The population is from the simulation shown in Figure 1B at generation 25,000. (C) Sympatric speciation with strong sexual

conflict (Popt = 0.2). Upper white bars: female locus. Lower black bars: male locus. Parameters are the same as in Figure 1B unless specified.

case) of a haploid network when genetic diversification in both

sexes occurred. It shows a population consisting of small, loosely

connected clusters, rather than large and distinct clusters. The web

structure among clusters shows that recombinant genotypes were

common in the population.

With the same parameter configuration, genetic differentia-

tion is more likely in the eight-locus model (Table 2a) than in the

two-locus model (Table 1a). This partly reflects the difference in

the strength of selection pressure on each locus. When the number

of loci is small, the selection pressure on each locus is strong and

tends to suppress the genetic variance required to initiate genetic

differentiation. Moreover, differentiation rarely occurs once co-

evolutionary chase begins. In contrast, genetic differentiation is

still possible even when coevolutionary chase occurs in one of the

Figure 3. Examples of haplotype networks. The ovals represent groups of individuals with the same haplotype. The length of a branch

(more precisely, the number of nodes between clusters) represents the distance between haplotypes. These haplotype networks were

computed based on 50 individuals randomly sampled at generation 25,000. Parameters: Popt = 0.2, � = 0.01, sc = 1.02, � = 0.5 × 10−5,

N = 10,000, unless specified. (A) Sympatric speciation in the two-locus genetic distance model with codominance. The data are from the

simulation run shown in Figure 2C, � = 0.05. (B) Genetic diversification without speciation in the eight-locus genetic distance model

with directional dominance. The data are from the simulation run shown in Figure 4A. (C) Sympatric speciation in the eight-locus genetic

distance model with codominance, sc = 4 × 1.02. (D) Genetic diversification without speciation in the 32-locus genetic distance model

with codominance. (E) Sympatric speciation in the phenotypic distance model with 32 loci, � = 0.05.

pairs of loci, provided that the number of loci is moderate (e.g.,

L = 8).

The codominance case.—Genetic differentiation in the

loci of both sexes was often observed (Fig. 4B and Table 2b), al-

though the frequency of differentiation in male loci was smaller

than in the directional dominance case. When selection in females

was not sufficiently strong (i.e., sc = 1.02), no sympatric speci-

ation was observed (because of recombination among diverging

loci). Strong female preference (� = 0.05) enhanced genetic dif-

ferentiations in the loci of both sexes but did not cause sympatric

speciation (Table 2c). Decreased mutation rate (� = 10−5) sup-

pressed genetic differentiation, especially in male loci (Table 2d).

No diversification was observed when population size was small

(N = 1000).
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Table 2. The effect of the optimal mating rate for females (Popt)

and the type of dominance on the average mating rate ( P̄ ) and

the likelihood of genetic differentiation in the genetic distance

model with eight loci. Shown is the median of P̄ , with the 10th and

90th percentiles in parentheses. P̄ is recorded at generation 25,000.

Within-locus interaction is (a) directional dominance, (b–e) codom-

inance, or (f) additive. Parameters are sc = 1.02, � = 5 × 10−5, N =

10,000, and � = 0.01 except (c): � = 0.05, (d): � = 10−5, and (e):

sc = 4 × 1.02.

Differentiation1

Popt P̄ F M SS

(a) .2 .30 (.28, .36) 20 20 0
.4 .43 (.42, .49) 20 17 0
.6 .66 (.60, .70) 20 0 0
.8 .84 (.81, .87) 20 0 0

(b) .2 .33 (.28, .41) 20 8 0
.4 .42 (.40, .49) 20 1 0
.6 .63 (.59, .66) 20 0 0
.8 .82 (.79, .86) 20 0 0

(c) .2 .29 (.27, .30) 20 20 0
.4 .42 (.39, .45) 20 10 0
.6 .64 (.62, .67) 20 0 0
.8 .84 (.83, .86) 7 0 0

(d) .2 .38 (.28, .66) 18 0 0
.4 .44 (.42, .65) 19 0 0
.6 .63 (.61, .69) 19 0 0
.8 .85 (.83, .89) 19 0 0

(e) .2 .27 (.24, .34) 20 16 7
.4 .41 (.40, .48) 19 8 0
.6 .64 (.62, .69) 20 0 0
.8 .83 (.83, .85) 20 0 0

(f) .2 .75 (.70, .82) 0 0 0
.4 .83 (.79, .91) 0 0 0
.6 .90 (.82, .95) 0 0 0
.8 .88 (.87, .90) 3 0 0

1The number of simulation runs (out of 20 runs) in which sympatric

speciation (SS) or differentiation in any female locus (F) or any male locus

(M) was observed at generation 25,000.

When both selection in females and sexual conflict were

strong (sc = 4 × 1.02 and Popt = 0.2), sympatric speciation was

observed in several simulation runs (Table 2e). Genetic differenti-

ation occurred in multiple loci for these cases, but no recombinant

among diverging clusters was present (Fig. 3C). Large distinct

clusters form as follows. Extensive differentiation in allelic ef-

fects within a single pair of female and male loci initially creates

two distinct clusters having some degree of reproductive isolation.

Subsequent differentiation in other loci occurs within clusters,

further increasing their distance to a degree that reproductively

isolates them.

The additive case.—Continuous coevolutionary chase

without genetic differentiation was the most common outcome

(Fig. 4C and Table 2f). The difficulty of genetic differentiation is

explained by the same mechanism discussed above for the two-

locus model. When sexual conflict is weak (Popt = 0.8), small

genetic differentiation was observed in a few simulation runs

(Table 2f), but only in female loci.

32-locus model
In the genetic distance model with 32 loci (L = 32), the dynamics

were weakly affected by dominance type. Genetic differentiation

was frequently observed only in the directional dominance and

codominance cases (Table 3). However, the degree of differenti-

ation was so small as to not significantly affect the overall phe-

notypic variances or resulting evolutionary dynamics. (In Table

3 with Popt = 0.2, e.g., the median genic variance in the female

trait is 12.31 for the directional dominance case [Table 3a] and

11.18 for the additive case [Table 3c], where genic variance is the

sum over loci of variances of locus effects.) Irrespective of the

type of dominance, average mating rates (P̄) were always close to

the females’ optimum (Popt) (Table 3). Typically, many female

loci exhibited unimodal phenotypic distributions with moderate

variance. The mating rate was reduced by phenotypic variation

created by many loci each having small effect. Average locus ef-

fects of both sexes were almost equal, and the changes in the

average allelic effects were typically slow; no apparent coevo-

lutionary chase was observed (Fig. 6). No sympatric speciation

was observed in any run of the 32-locus model. Most populations

showed extensive genetic differentiation without forming any dis-

tinct subclusters (Fig. 3D). Decreased mutation rate (� = 10−5),

strong female preference (� = 0.05), or strong selection in females

(sc = 4 × 1.02) did not significantly affect the qualitative results

(data not shown).

The effects of a different scaling of allelic effects.—In

our model, increasing the number of loci increases the maximum

possible distance between female and male traits. However, the

same distance between traits results in the same mating proba-

bility irrespective of the number of loci; the (maximum) effect

of a single mutation on mating probability is independent of the

number of loci. Alternative models are possible. In particular, the

maximum possible distance between traits could be kept the same

irrespective of the number of loci, and the (maximum) effect of

a single mutation on mating probability could be scaled with the

number of loci. Our model can effectively simulate this scenario

by choosing � so as to keep the maximum value of �d2 constant

as the number of loci changes.

Using a 32-locus model with �=0.05×16−2 provides the same

maximum value for �d2 as do two-locus models with � = 0.05

(Table 1c). We have examined the effect of this alternative scaling

on evolutionary dynamics (Table 3d–e). The simulations revealed
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Figure 4. Examples of coevolutionary dynamics in the genetic distance model with eight loci. Average locus effects (upper row) and

variances of locus effects (lower row). Each column represents the first to fourth (left to right) female (solid lines) and male (dashed lines)

loci. The type of dominance is (A) directional dominance, (B) codominance, or (C) additive. Parameters: Popt = 0.2, � = 0.01, sc = 1.02, �

= 0.5 × 10−5, N = 10,000.

two qualitative differences. In contrast to the result shown in Fig-

ure 6, the alternative scaling often caused rapid coevolutionary

chase in the loci that did not previously exhibit genetic differenti-

ation. Also, a significant decrease in the average mating rate (P̄)

in the additive case (Table 3c) was not observed when alternative

scaling was used (Table 3e).

PHENOTYPIC DISTANCE MODEL

In the phenotypic distance model, continuous coevolutionary

chase without genetic differentiation was the most common out-

Figure 5. Differentiation in the locus effects in both sexes in the genetic distance model with eight loci. The directional dominance case.

Each column represents first to fourth (left to right) female (upper white bars) and male (lower black bars) loci. The data are from the

simulation run shown in Figure 4A.

come when the number of loci was not too large (L ≤ 8; Table 4a).

The phenotypic variances were small during the chase. For exam-

ple, the data of Table 4a for L = 2 and Popt = 0.2 show that

the average phenotypic variances in the female and male traits

are 1.36 and 1.00, respectively. During the chase, allelic effects

evolved in the same direction in all loci, in contrast to the genetic

distance model. The small likelihood of genetic differentiation

in the phenotypic distance model can partly be explained by the

additive allelic interaction of loci discussed above for genetic dis-

tance models. The coincidence in the direction of change of allelic
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Table 3. The effect of the optimal mating rate (Popt) and the type

of dominance on average mating rate ( P̄ ) and the likelihood of

genetic differentiation in the genetic distance model with 32 loci.

Shown is the median of P̄ , with the 10th and 90th percentiles

in parentheses. P̄ is recorded at generation 25,000. Within-locus

interaction is (a) directional dominance, (b, d) codominance, or

(c, e) additive. Parameters are sc = 1.02, � = 5 × 10−5, N =

10,000, and � = 0.01 except (d–e): � = 0.05 × 16−2. No sympatric

speciation was observed.

Differentiation1

Popt P̄ F M

(a) .2 .30 (.29, .32) 20 18
.4 .43 (.40, .44) 20 8
.6 .63 (.61, .66) 12 0
.8 .84 (.83, .85) 8 0

(b) .2 .29 (.28, .29) 20 0
.4 .41 (.40, .42) 16 0
.6 .61 (.61, .62) 12 0
.8 .83 (.82, .84) 0 0

(c) .2 .32 (.31, .32) 2 0
.4 .43 (.42, .44) 0 0
.6 .62 (.62, .63) 0 0
.8 .83 (.82, .84) 0 0

(d) .2 .42 (.33, .47) 20 0
.4 .51 (.47, .55) 20 0
.6 .70 (.69, .73) 20 0
.8 .86 (.85, .88) 20 0

(e) .2 .89 (.84, .91) 0 0
.4 .86 (.84, .89) 0 0
.6 .92 (.90, .94) 0 0
.8 .95 (.94, .97) 0 0

1The number of simulation runs (out of 20 runs) in which differentiation

in any female locus (F) or any male locus (M) was observed at generation

25,000.

effects also reduces the potential for differentiation at any of

these loci. When sexual conflict is weak to moderate (0.6 ≤
Popt ≤ 0.8), differentiation only in the female trait was observed

in several simulation runs (Table 4a). The degree of differentia-

tion was typically small. For example, the data of Table 4a for

Figure 6. Coevolutionary dynamics in the genetic distance model with 32 loci. Examples for four pairs of loci are shown. Average locus

effects and variances of locus effects of female (solid lines) and male (dashed line) loci. Average locus effects of both sexes are almost

coincident. Parameters: Popt = 0.2, � = 0.01, s = 1.02, � = 0.5 × 10−5, N = 10,000.

L = 2 and Popt = 0.8 show that when diversification occurred,

the average phenotypic variance in the female trait was 5.18.

The mating rate in the populations was not greatly affected by

differentiation.

When the number of loci was large (L = 32), phenotypic dif-

ferentiation only in the female trait (i.e., the Buridan’s Ass regime)

was observed frequently when sexual conflict was moderate (0.4≤
Popt ≤ 0.6; Table 4a). The degree of differentiation was relatively

large. For example, the data of Table 4a for L = 32 and Popt = 0.6

show that when diversification occurred, the average phenotypic

variance in the female trait was 21.38. The differentiation in the

phenotypic distribution typically resulted in three peaks (corre-

sponding to two homozygotes and their heterozygote), and males

were typically trapped between the (largest and second largest)

female subclusters. Such differentiation typically occurred only

in a single female locus, and all other loci had very low genetic

variation. One may interpret this outcome as the evolution of an

allele of major genetic effect (because nearly all genetic variation

in the female trait is attributed to a single locus). The observed

increased likelihood of differentiation with increasing number of

loci is reasonable; increasing the number of loci increases the

overall mutation rate per trait and decreases selection pressure per

locus. These effects increase phenotypic variance of traits, helping

initiate differentiation. Moreover, increasing the number of loci

increases the number of sites available for differentiation.

When the number of loci was large, and both female pref-

erence and sexual conflict were strong (L = 32, � = 0.05, and

Popt = 0.2), differentiation was frequently observed in both sexes

(Table 4b), and a single pair of loci always contributed most to

the phenotypic variance. This differentiation typically occurs at

boundaries (allele 0 or allele 31), initiated by a small cluster of

females who split away (they consequently do not suffer high com-

patibility with males) while the majority remain at the boundary.

Males are concentrated near the boundary during this initial stage

(because the majority of females are there) and subsequently get

trapped between the (largest and second largest) female subclus-

ters. In some simulations (Table 4b and Fig. 3E), differentiation

in both traits resulted in sympatric speciation (i.e., the formation

of reproductively isolated clusters).
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Table 4. The effects of the optimal mating rate for females (Popt)

and the number of loci (L) on the average mating rate ( P̄ ) and

the likelihood of genetic differentiation in the phenotypic distance

model. Shown is the median of P̄ , with the 10th and 90th per-

centiles in parentheses. P̄ is recorded at generation 25,000. Pa-

rameters: sc = 1.02, � = 5 × 10−5, N = 10,000. (a): � = 0.01. (b):

� = 0.05.

Differentiation1

L Popt P̄ F M SS

(a) 2 .2 .79 (.69, .88) 0 0 0
.4 .91 (.86, .95) 0 0 0
.6 .95 (.92, .98) 0 0 0
.8 .96 (.94, .98) 9 0 0

8 .2 .85 (.75, .90) 0 0 0
.4 .91 (.84, .93) 0 0 0
.6 .88 (.82, .95) 5 0 0
.8 .94 (.93, .95) 4 0 0

32 .2 .85 (.77, .97) 0 0 0
.4 .77 (.70, .88) 7 0 0
.6 .81 (.81, .84) 18 0 0
.8 .91 (.90, .92) 0 0 0

(b) 32 .2 .58 (.40, .60) 16 12 8
.4 .65 (.64, .66) 0 0 0
.6 .77 (.75, .78) 0 0 0
.8 .91 (.90, .92) 0 0 0

1The number of simulation runs (out of 20 runs) in which sympatric

speciation (SS) or differentiation in any female locus (F) or any male locus

(M) was observed at generation 25,000.

When the number of loci was not sufficiently large (L ≤ 8)

or sexual conflict was not strong enough (Popt ≥ 0.4), strong fe-

male preference (� = 0.05) did not significantly change quali-

tative results (data not shown). Decreasing mutation rate (� =
10−5) decreased the frequency of genetic differentiation (data

not shown). Increasing selection in females (sc = 4 × 1.02)

greatly enhanced the speed of coevolutionary chase but suppressed

genetic differentiation (data not shown). No differentiation was

observed whenever the population size was small (N = 1000; data

not shown). When we used the alternative scaling with the 32-

locus model with � = 0.05 × 16−2, the phenotypic distance

model always exhibited continuous coevolutionary chase (data

not shown).

DIRECT NATURAL SELECTION ON THE TRAITS

Natural selection applied only to males resulted in coevolution ter-

minating in an equilibrium in which average mating rate was opti-

mal for females (Popt); females won the sexual conflict (Table 5a).

In this case, a coevolutionary chase was initially observed wherein

the average genetic or phenotypic distance between the sexes con-

tinuously increased. This terminated once the optimal mating rate

for females was achieved (or allelic effects reached the boundary;

Table 5. The effects of natural selection on the female and male

traits. Shown is the median of P̄ , with the 10th and 90th percentiles

in parentheses. P̄ is recorded at generation 25,000. Parameters are

the same as in the Table 2a unless specified. The genetic distance

model with directional dominance is used unless specified. (a) Nat-

ural selection only in males: sx = 0, sy = 0.02, �y = 16. (b) Natural

selection only in females: sx = 0.02, sy = 0, �x = 16. (c) Natural

selection only in females in the phenotypic distance model: sx =

0.02, sy = 0, �x = 128. (d) Natural selection in both sexes: sx =

0.02, sy = 0.02, �x = 16, �y = 16. No sympatric speciation was

observed.

Differentiation1

Popt P̄ F M

(a) .2 .36 (.36, .37) 0 0
.4 .41 (.41, .43) 0 0
.6 .61 (.61, .62) 0 0
.8 .85 (.83, .86) 6 0

(b) .2 .47 (.44, .51) 20 20
.4 .60 (.57, .61) 20 6
.6 .76 (.75, .77) 20 0
.8 .95 (.93, .96) 9 0

(c) .2 .90 (.86, .94) 0 0
.4 .90 (.86, .95) 0 0
.6 .83 (.81, .84) 20 0
.8 .97 (.96, .97) 0 0

(d) .2 .46 (.43, .49) 20 7
.4 .59 (.57, .60) 20 0
.6 .76 (.73, .78) 20 0
.8 .94 (.92, .95) 8 0

1The number of simulation runs (out of 20 runs) in which differentiation

in any female locus (F) or any male locus (M) was observed at generation

25,000.

allele 0 or 31). In the equilibrium state, no genetic differentiation

was observed. This outcome was robust to differences in genetic

details (i.e., the number of loci, the type of dominance, and the

type of interaction between male and female traits). Given natural

selection in males only, the “females win” outcome is reasonable;

qualitatively similar results have already been shown in previous

models (e.g., Gavrilets et al. 2001; Rowe et al. 2005).

When there was natural selection in females only, genetic dif-

ferentiation was frequently observed in the genetic distance model

both with directional dominance and codominance (Table 5b). The

range of models and parameter configurations that caused genetic

differentiation did not largely differ from what was observed with-

out natural selection. When genetic differentiation occurred, aver-

age genetic distance between the sexes initially decreased to zero,

followed by genetic differentiation in female loci. The average

female and male locus effects were typically equal and optimal

for female natural selection (i.e., equal to xopt). With the same pa-

rameter configuration, average mating rates were typically higher
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with natural selection than without natural selection (compare

Table 2a and Table 5b); natural selection applied to females re-

duced the degree of differentiation in female loci (i.e., the variance

in locus effects). This decrease in differentiation of female loci in

turn decreases the likelihood of differentiation in male loci (com-

pare Table 2a and Table 5b). In the phenotypic distance model

and the genetic distance model in the additive case, cyclic coevo-

lution (or continuous coevolutionary chase with frequent changes

in direction) without genetic differentiation was commonly ob-

served (Table 5c). When sexual conflict was moderate (i.e., Popt

= 0.6), genetic differentiation only in females was also frequently

observed in the phenotypic distance model (Table 5c).

Natural selection in both sexes yields at least four possi-

ble outcomes. When natural selection in females was sufficiently

stronger than that in males, or when optimal locus effects (xopt

and yopt) were close, genetic differentiation was frequently ob-

served in female loci (and, less frequently, in both female and

male loci; Table 5d). These outcomes are similar to those under

natural selection in females only (discussed above). If natural se-

lection in females was not sufficiently stronger than that in males,

and optimal locus effects were not sufficiently close, populations

exhibited either cyclic coevolution or coevolution toward an equi-

librium state, without genetic differentiation. In the equilibrium

state, neither sex wins the conflict and the average mating rate P̄

is intermediate between Popt and 1. The last two outcomes have

already been shown in previous models (e.g., Gavrilets et al. 2001;

Rowe et al. 2005).

Discussion
DYNAMICS OF REPRODUCTIVE TRAITS UNDER

SEXUAL CONFLICT

Dynamic regimes
We used individual-based simulations to explore the dynamics

of sexual conflict under diploid, multilocus, and multiallelic ge-

netic conditions. Our results show that sexual conflict can exhibit

at least the following five regimes: (1) continuous coevolutionary

chase, (2) evolution toward an equilibrium, (3) cyclic coevolution,

(4) extensive genetic differentiation in female traits/genes only,

and (5) extensive genetic differentiation in both male and female

traits/genes. These dynamics have been predicted in the previous

models of sexual conflict based on simple genetics and/or analyti-

cal approximations (reviewed in Gavrilets and Hayashi 2005). Re-

sults from the individual-based simulations presented here support

the generality of the theoretical conclusions from those previous

models.

Stochastic effects and multilocus dynamics
Our simulations demonstrate that stochastic effects in multilocus

systems can result in very complex dynamics. Different dynamic

regimes can emerge even within the same set of parameter values

and initial conditions. In addition, the same population can switch

from one regime to another as a result of stochastic perturbations.

Moreover, different sets of loci controlling mating and fertilization

in the same population can follow different dynamic regimes.

These observations suggest that making precise predictions about

the evolutionary dynamics of traits involved in sexual conflict may

be difficult.

EFFECTS OF UNDERLYING GENETICS ON THE

DYNAMICS OF SEXUAL CONFLICT

Our results demonstrate that evolutionary dynamics of sexual con-

flict strongly depend on genetic details. First, our simulations show

that interaction between reproductive traits in a component-by-

component manner (as in the genetic distance model) is more

likely to cause genetic differentiation than trait-by-trait interac-

tion (as in the phenotypic distance model). Second, the type of

dominance strongly affects the likelihood of genetic differentia-

tion. When alleles work in a dominant fashion (e.g., the direc-

tional dominance case in the genetic distance model) or codom-

inant fashion (e.g., the codominance case in the genetic distance

model), genetic differentiation is more frequently observed than

when alleles work in an additive fashion (e.g., the phenotypic dis-

tance model and the additive case in the genetic distance model).

Gavrilets and Waxman (2002) observed that genetic differentia-

tion occurred under relatively broader conditions than those shown

here. The ease of genetic differentiation in their model is partly due

to their using a haploid model in which formation of heterozygous

loci is not possible.

Third, our simulations show that the number of loci is also

very important. When the interaction between reproductive traits

occurs in a trait-by-trait way (as in the phenotypic distance model),

the likelihood of differentiation increases with the number of loci

(if we assume the maximum effect of a single mutation is inde-

pendent of the number of loci). When the interaction between

reproductive traits occurs in a component-by-component way (as

in the genetic distance model) and the (maximum) effect of a sin-

gle mutation is independent of the number of loci, increasing the

number of loci typically results in female mating rates being closer

to their optimal value. This implies that increasing the number of

loci potentially benefits females. This is consistent with studies

of abalone fertilization proteins that show that a sperm-protein-

binding receptor molecule on the egg envelope (VERL) consists

of a number of repetitive sequences that are apparently redundant

(e.g., Galindo et al. 2002). The maintenance of these repetitive

elements may be explained by the benefit of mediating an egg’s

fertilization rate.

In the numerical simulations presented here, each locus had

32 alleles. Our preliminary simulations (not presented here) sug-

gested that differences in the number of alleles would not largely
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affect our conclusions. However, those simulations also suggested

that the effect of a small number of alleles (say, four or eight alleles

for each locus) was to stabilize genetic differentiation, typically

expressed as a bimodal distribution consisting of alleles having the

smallest and largest effects. This increase in stability increased the

likelihood of differentiation. Sympatric speciation was strongly

suppressed, however, due to the limited possible degree of differ-

entiation in a locus.

GENETIC DIFFERENTIATION BY SEXUAL CONFLICT

Genetic differentiation in female reproductive traits
Genetic variation in female reproductive traits has received rela-

tively less attention than that in males (Jennions and Petrie 1997).

However, empirical studies show that variation in female repro-

ductive traits within a population is not rare (e.g., Wagner et al.

1995; Kodric-Brown and Nicolette 1996; Sota et al. 2000; Brooks

and Endler 2001; Huber and González 2001; Swanson et al. 2001;

Terai et al. 2002; Morris et al. 2003). In particular, Bergsten et al.

(2001) suggest that variation of female dorsal structure in diving

beetles is maintained by sexual conflict. Svensson et al. (2005) also

conclude that sexual conflict maintains a color-polymorphism in

females in damselfly species. Our results show that sexual conflict

can cause differentiation in female reproductive traits under rela-

tively broad conditions and parameter ranges. Female differenti-

ation occurs even under seemingly unfavorable parameter values,

such as weak sexual conflict (Popt = 0.8 in Table 1), relatively

low mutation rate (� = 10−5 in Table 2), and the presence of

direct natural selection in females (Table 5). Results presented

here, and previously (Frank 2000; Gavrilets and Waxman 2002),

suggest that sexual conflict is an important and plausible cause of

differentiation in female reproductive traits.

Genetic differentiation in male reproductive traits
Genetic variation in male sexual traits has been of interest

in modeling sexual selection (e.g., Pomiankowski and Moller

1995; Rowe and Houle 1996; Kotiaho et al. 2001). Our results

show that sexual conflict can explain extensive genetic varia-

tion without assuming condition-dependent expression in male

traits (Rowe and Houle 1996), modifiers that increase phenotypic

variation (Pomiankowski and Moller 1995), or biased mutation

(Pomiankowski and Iwasa 1991). Our simulations suggest that

differentiation in males requires differentiation in females and

strong sexual conflict (i.e., small Popt); disruptive selection in

males is caused by differentiation in females. When sexual con-

flict is weak, differentiation in females can occur, but the degree

of differentiation is not enough to initiate differentiation in males.

Strong female preference, directional dominance, moderate (in

the genetic distance model) or large (in the phenotypic distance

model) number of loci, high mutation rates, and large population

size all promote differentiation in male reproductive traits.

Sympatric speciation by sexual conflict
Our results show that sympatric speciation by sexual conflict

requires more strict conditions than previously suggested in

Gavrilets and Waxman (2002). Gavrilets and Waxman (2002) used

a deterministic, haploid, two-locus, and multiallele model. The

models studied here incorporate diploidy, multiple loci, explicit

stochastic effects (e.g., random genetic drift), and natural selec-

tion. It turns out that all of these factors act against sympatric spe-

ciation. First, sympatric speciation often requires a particular type

of dominance. Second, the presence of multiple loci (per trait) can

suppress sympatric speciation because of recombination. Third,

random genetic drift can hinder the creation and maintenance of

distinct allele clusters. Fourth, natural selection in reproductive

traits suppresses sympatric speciation by limiting the degree of

differentiation in the traits.

EVOLUTIONARY SIGNIFICANCE OF SEXUAL CONFLICT

Previous models of sexual conflict (reviewed in Gavrilets and

Hayashi 2005; Rowe et al. 2005) highlighted the significance

of sexual conflict and showed its various possible evolutionary

outcomes. Based on the results from our individual-based simu-

lations and the previous models, some generalizations about the

plausibility of these outcomes can be made. Sympatric specia-

tion is possible only under strict conditions and would not be

expected as a common outcome of sexual conflict. Genetic differ-

entiation (without sympatric speciation) occurs under relatively

broad conditions, and the likelihood of differentiation primarily

depends on the genetic architecture/mechanism. When there is

no natural selection on the reproductive traits and no (extensive)

genetic differentiation occurs, populations commonly exhibit con-

tinuous coevolutionary chase. It is also possible to achieve the out-

come in which average female and male traits match the optimum

(yet the mating rate can still be reduced by variance in females)

and no coevolutionary chase occurs (e.g., figure 1 in Gavrilets

2000 and Fig. 6 in this article). Coevolution toward an equilib-

rium point is the most common outcome under natural selection

on reproductive traits (cyclic coevolution or genetic differenti-

ation can also frequently occur under some conditions). There

are also possibilities that sexual conflict mechanisms not consid-

ered in this article cause additional outcomes (Rowe et al. 2005;

Gavrilets and Hayashi 2006). For example, females can evolve

indifference to male traits if female preference consists of two

independent components, sensitivity and threshold (Rowe et al.

2005). In summary, the generalizations above suggest that sexual

conflict can cause various outcomes whose plausibility depends

on the underlying genetic/behavioral/physiological mechanisms.

Revealing the underlying mechanisms is therefore required to as-

sess the evolutionary significance of sexual conflict.
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