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Abstract

Sexual conflict has been proposed to be a mediator of speciation but recent theoretical
work, as well as empirical studies, suggests that sexual conflict may also be able to
prevent speciation and to preserve genetic polymorphism within a species. Here, we
develop a population genetic model and study the effects of sexual conflict in a
polymorphic population. The morphs mate assortatively based on different sexually
antagonistic traits and females are assumed to suffer a cost when the proportion of
matching males is high. We consider the model in two different mating systems;
promiscuity and polygyny. Our results show that genetic polymorphism may be
maintained through negative frequency dependent selection established by assortative
mating and female conflict costs. However, the outcome significantly differs between
mating systems. Furthermore, we show that indirect selection may have profound

effects on the evolutionary dynamics of a sexual conflict.

Keywords: assortative mating, genetic polymorphism, indirect selection, sexual

conflict, speciation
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1. Introduction

Several studies have shown that sexual conflict may lead to genetic differentiation,
reproductive isolation and even speciation (Holland and Rice, 1999; Armngqvist et al.,
2000; Martin and Hosken, 2003; reviewed in Gavrilets and Hayashi, 2005). The direct
cause of these processes are thought to be sexually antagonistic traits that promote the
sexes’ differing evolutionary interests, e.g. male antagonistic traits may tend to increase
male mating rate, while female conflict adaptations may tend to decrease mating rate.
Examples from the literature of such antagonistic traits include seminal proteins and the
ability to displace sperm in Drosophila (Rice W.R., 1996; Clark and Begun, 1998;
Clark et al., 1999) and grasping and anti-grasping morphologies in water striders
(Armnqvist and Rowe, 2002a; Arnqvist and Rowe, 2002b) and in diving beetles (Bergsten
and Miller, 2007).

The male and female antagonistic traits are usually termed persistence and
resistance traits, respectively, and a common assumption is that any given persistence
(or resistance) trait may be more or less efficient, dependent on the prevailing average
resistance (persistence) trait in the female (male) population (Gavrilets 2000). The
antagonistic traits may in other words "match" each other more or less well which
determines the “compatibility” of a male and a female (Gavrilets, 2004). Under sexual
conflict theory, females are expected to experience lower fitness when they are more
exposed to mating related costs, which is when the proportion of males with matching
antagonistic traits is highest. It will thus be in the interest of females to evolve away
from this point, while it is in the males interest to increase compatibility with the female

traits (Holland and Rice, 1998; Gavrilets, 2000). As a result, resistance and persistence
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traits may co-evolve in a perpetual sexual arm race (but see Parker, 1979). When
captured in such arms race, allopatric populations could diverge, or evolve in the same
directions but under different rates, eventually becoming reproductively isolated
(Gavrilets, 2000; Gavrilets and Waxman, 2002).

Speciation seems, however, not to be the only possible consequence of genetic
diversification due to sexual conflict (Gavrilets and Waxman, 2002; Haygood, 2004;
Hardling and Bergsten, 2006). With a genetic model, Gavrilets and Waxman (2002)
initially found that sexual conflict sometimes may result in female polymorphism.
Maintenance of polymorphism was further investigated by Hérdling & Bergsten (2006)
using a phenotypic model where both sexes were polymorphic and where mating was
positively assortative between morphs with matching resistance and persistence traits.
In this system, polymorphism could be maintained by sexual conflict when the
corresponding male and female traits were genetically correlated. Besides theoretical
models, polymorphism is suggested to be maintained by sexual conflict also in natural
populations e.g. in diving beetles (Hardling and Bergsten, 2006) and damselflies
(Svensson et al., 2005).

Assortative mating inevitably leads to joint inheritance of the traits that constitute
the basis for mate matching, and establishes a genetic correlation between these traits
(Lande, 1981; Gavrilets, 2004). A consequence of such correlation is that if one sex
experiences strong selection, the opposite sex may be affected through indirect selection
(Lande, 1981). While indirect selection is instrumental in models of sexual selection
(Andersson, 1994), sexual conflict theory is primarily based on direct selection effects,
and indirect selection is often thought to be less important (Kirkpatrick and Barton,

1997; Kokko, 2005). However, since assortative mating must exist between males and
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females with matching resistance and persistence traits, the role of indirect selection in
sexual conflict systems is important to consider.

Further, factors influencing indirect selection may interact in complex ways;
genetic correlation is dependent on assortative mating, which is a feature of the mating
system (Falconer and MacKay, 1989), but the idiosyncrasies of the mating system may
also affect direct selection. The opportunity for selection may differ between the sexes
in different mating system depending on the fitness variance among members of each
sex (Shuster and Wade, 2003). For example, polygyny and monogamy cause differing
direct selection on males because males have different expected mating probability
dependent on mating system (Gavrilets, 2004). The properties of the mating system may
thus be an important aspect to consider when addressing the significance of indirect
selection in sexual conflict regimes.

Here we investigate the evolutionary dynamics of sexual conflict and antagonistic
conflict adaptations while taking into account genetic inheritance of conflict adaptations
and differences in mating systems. We focus on the links between mating behaviour,
assortative mating and linkage disequilibrium and model both promiscuous and
polygynous mating systems. Our model shares some assumptions with the model by
Hérdling & Bergsten (2006) but their model addressed different questions and did not
specify the cause of indirect selection unlike the present model. We show that mating
system characteristics are typically decisive for the antagonistic coevolutionary process
in general and the outcome with respect to coexistence of multiple male and female

conflict adaptations in particular.

2. The model
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We consider a population where both males and females are polymorphic. Males
occur in two distinct morphs a’ and b, and females are type a or b. We assume that
morph is determined by two different loci with sex-specific expression, and that the
evolutionary dynamics can be described by haploid inheritance. In males, allele z; codes
for morph a’ and allele z, for morph 4. In females, allele y; codes for morph a and y,
for morph b. Genetic recombination occurs at rate ». We will analyse the model under
two different assumptions about the mating system; that both sexes may mate

repeatedly during one season (promiscuity), or that only males mate repeatedly

(polygyny).

2.1. Promiscuity

Assume that both males and females mate repeatedly during one season (Fig. 1a).
The population has a type-matching mating system similar to the one described by Nei
(1976) and Kirkpatrick (1982). Specifically, the mating probability in encounters
between a’ males and b females, and between b’ males and a females is only a fraction
k of that in (a, a”) and (b, b’) combinations. This difference may be due to morph-
specific female resistance, or differential male persistence to female morphs, but the
model does not depend on any such specific assumption.

Let x; to x4 denote the population frequencies of the different genotypes z;y1,

Z1y2, Z2V1, Z2y2. With these assumptions, the frequency of different mating combinations
are given by equations (1) to (4), where Q(a’, a) denotes the frequency of (a’, a)

matings and so on.
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Oa’,a)=(x1 tx)(x1tx3)/ ¢ (1)
O(a’, b) = k(x) +x2)(x2 + x4) / @ )
O(b’, a) = k(xs + x4)(x1 +x3) /@ 3)
O(b’, b) = (x3 + x4)(x2 + x4) / ¢ 4)

Where y = (1 +x2)(x1 + x3) + k(x1 + x2)(x2 + x4) + k(x5 + x4)(01 T X3) + (03 + X2) (62 + x49).
Thus the deviation from random mating under this mating system can be expressed by
multiplying the random mating rate expression with one of four factors; 4, kA4, B and kB
(see Table 1), where A = B=1/y (Tablel). By expanding equations (1)-(4) we derive
mating rates Uj; in Table 1 for x;, x; — matings (Table 1).

Matching-based assortative mating always gives a direct fitness advantage to
males that are “adapted to” or most compatible with the most frequent female morph
(Gavrilets 2004). This means that regardless of which female morph that is most
common, the corresponding male morph has the higher mating frequency. Let p = (x; +
x7) and g = (x; + x3). Then, in promiscuous mating systems, males of the @’ morph has

higher mating rate than 5’ males when

Q(d',a)+Q(d',b) S o',a)+Q(b',b)
p I-p

)

This is true when

q>" (6)
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i.e. when a females are the most common.

2.2. Polygyny

Assume that females only mate once, but that males may mate repeatedly during
one season (Fig. 1b). Mating probability is assumed to be based on phenotype matching,
as before. Then the mating probabilities (P, to distinguish this case from promiscuity)

are the following:

P(a’, a) = (1 +x2)(x1 +x3) / Gerboey + k(s + x4)) 7)
P(a’, b) = k(xy + x2)(x2 + x3) / (k(x1Fx2) + x5 +x4)) (8)
P(b’, @) = k(xs + x4)(x1 + x3) / (erbxa + k(s + x2)) )
P(b’, b) = (x3 + x4)(x2 +x4) / (k(x1Hx2) +x3 + x4)) (10)

Thus the 4 and B factors for multiplication are for the promiscuous mating system

changed to
A=(p+k(-p)7, (11
B=(kp+1-p)". (12)

Mating rates Uj; are calculated in a similar way as for promiscuity. The selective effect
of polygyny differs from promiscuity. In a polygynous mating system, the a’ morph has

higher mating rate than 5’ males when
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p+k(l-p)
S S 4 13
1 1+k (13)

If £ <1, i.e. mating is non-random, the RHS of (13) is lower than %2 whenever p < % (cf.

Eq. (6)).
2.3. Sexual conflict costs

Female fitness (either fecundity or viability) is negatively affected by male
interference, such as harassment (Schlupp et al., 2001; Muhlhauser and Blanckenhorn,
2002; Sakurai and Kasuya, 2008), seminal fluid toxicity (Chapman et al., 1995) or mate
guarding (Jormalainen et al., 2001). The costs imposed on females are assumed to be
larger if the proportion of males in the population with matching mating adaptations is
high. Thus, using linear cost functions, the fitness for female morph aand b is W, =1 -
s(x1 +x2) and Wy, =1 - s(x3 + x4), respectively. The factor s determines female sensitivity

to male harassment (0 <5 < 1).

2.4. Evolutionary dynamics

Using the standard mating table approach (Table 1), recursion equations
describing the dynamics of the four-genotype system can be derived (eg. Rice, 2004).

The per generation change in allele frequency is for the four genotypes as follows:



215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

Ax

1

Ax,

Ax,

where

w, =W Ax, +/2(W, A+ kW, B)x, + 2W A1+ k)x; +2k(W A+ W,B)x,
w, =% (W, A+ kW,B)x, + kW,Bx, +"2(W,A+W,B)x, +'2W,B(1+ k)x,
w; =W AN+ k)x, +"2(W,A+W,B)x, + kW, Ax; + /2 (kW A+ W, B)x,

o, =%kW A+W,B)x, +"2W,B(1+k)x, + "% (kW ,A+W,B)x, + W,Bx,

and

_ x(o, — @) —r(kxx, —x,x,)(2 BW, +"/2AW,)
)

X0, — ) +r(kex, —x,x)(2 BW, +V2AW)

w

_ xy(@y — @)+ r(kxx, —x,x,)(2 BW, +2AW)
0}

_ (@, — @) —r(kxx, —x,x;)(2 BW, + 2 AW,)

(0]

O =X,0, +X,0, + X0, + X,0,

(14)

(15)

(16)

(17)

(18)
(19)

(20)

e2y)

(22)

Note that with random mating (k= 1), then 4 = B = 1 and the system is reduced to a

standard two locus dynamic system with frequency dependent female fitness (e.g. Rice,

2004).

3. Results

10
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At evolutionary equilibrium, each sex is composed of two morphs in equal
frequencies (a = b =%, and a’ = b’ = '4). This result holds for both the polygynous and

the promiscuous mating system. The linkage disequilibrium D at equilibrium is

ok —k-1
C 4(k-1)

(23)
Thus, neither recombination rate () nor female conflict costs (s) influences the
equilibrium location or the genetic covariance at equilibrium. Fig. 2 shows
disequilibrium D as a function of &, the mating probability in (a, b’) and (b, a’)
encounters.

The stability properties of the internal equilibrium (where p=1/2, ¢ = 1/2) can
be studied by performing a local analysis of the four-genotype dynamic system. All
eigenvalues of the Jacobian of the dynamic system (Egs. 14 — 17) when analysed at the
point of equilibrium should have an absolute value lower than unity for equilibrium to
be convergence stable (Edelstein-Keshet, 1988). A graphic presentation of the local
analysis, for both mating systems with » = %, is presented in Fig. 3, showing isoclines of
the maximum eigenvalue for the four-allele system, in the parameter area
0<s<l1,0<k<I.

In a promiscuous mating system, equilibrium with maintenance of all morphs is
stable when s > 1 - k (Figs. 3a, 4a). This condition demonstrates the opposing forces of
assortative mating and sexual conflict costs. Increasing the female conflict cost
parameter (s) make the costs larger and more strongly frequency dependent. Thus at any
one time the least common female morph is usually favoured by natural selection

(because fewer males are adapted to them, or equivalently because these females have

11
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defence against the most common male genotypes). This stabilises the internal
equilibrium.

More pronounced assortative mating (low k) increases direct selection on males
and the genetic correlation between the sexes, so that indirect selection on females
increases (Lande, 1981).. Stronger linkage disequilibrium couples the dynamics of the z
and y alleles and makes the female morph frequency evolution follow the evolution of
the male compatible morphs. In other words, if @ females are common, assortative
mating causes direct selection favouring a’ males and via disequilibrium indirect
selection favouring a females. Thus the most common male and female genotypes are
favoured in a feedback fashion so that the equilibrium is destabilized (Fig. 4b).

If the internal equilibrium is unstable (s < 1 —k, Fig. 3a) the population
eventually becomes fixed for either genotype z;); or zoy» (Fig. 4b). Males and females
then have morphs (a’, a) or (b°, b). These are “compatible” i.e. maximises mating
probability, which is in line with male interests but negative for females.

If the species has a polygynous mating system, the internal equilibrium is always
convergence stable independent on female conflict costs and strength of assortative
mating (Fig. 3b). Moreover, increasing mating assortativeness strengthens stability, in
contrast to then promiscuous case (Fig. 3b). This counterintuitive result arises because
of the direct selection pressure the mating system imposes on male morphs (13).
Condition (13) implies that when either of the male morphs is rare, it is favoured by
selection under a wider range of conditions (female morph frequencies) than in the case
of promiscuity. Thus the polygynous mating system introduces an element of stabilizing
frequency dependence that leads to stronger evolutionary stability in the polygynous

case (Fig. 3b).

12
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4. Discussion

In this paper, we model the effect of sexual conflict on the evolutionary dynamics
of a genetically polymorphic population. Two alternative outcomes exist; either both
sexes maintain a stable genetic polymorphism or polymorphism is lost in both sexes, as
some alleles become fixed in the population. The detailed results are complex and
contingent on factors such as mating system and degree of assortative mating

In our model, polymorphism is maintained through negative frequency dependent
selection in combination with indirect selection, caused both by assortative mating and
female sexual conflict costs. Assortative mating is based on trait compatibility between
two pairs of male and female morphs. Examples of such traits are the grasping and anti-
grasping morphologies developed in gerrids (Arnqvist and Rowe 2002b; Arnqvist and
Rowe 2002a) and diving beetles (Bergsten and Miller 2007). Since mating is assumed
to entail a cost for females, e.g. in energy expenditure (Watson et al., 1998), immune
suppression (Fedorka and Zuk, 2005), reduced lifespan (Fowler and Partridge, 1989) or
reduced lifetime fitness (Sakurai and Kasuya, 2008), females with the lowest mating
frequency have a selective advantage. Males, on the other hand, will have highest
mating advantage if their phenotype matches that of the most common female morph.
The female morph which is compatible with the most prevailing male morph will be
more exposed to mating attempts and will consequently suffer more mating costs.
Eventually this morph will decrease in frequency due to the direct negative effect that
mating has for females. Thus direct mating costs generate negative frequency dependent

selection between the female morphs.
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Since assortative mating between morphs establishes a genetic correlation, the
corresponding male morph will be affected by the female mating costs through indirect
selection (Lande, 1981). As the female morph decreases in frequency, the compatible,
most common, male morph will also decrease. The male morph decreases in frequency
until it becomes the least common morph, at which point the negative direct selection
on the female morph will be reduced and this female morph now has the selective
advantage. The female morph will thus begin to increase in frequency until it becomes
the most common morph and its matching male morph gets the selective advantage,
increases to majority and again imposes a too high cost for the female morph. Indirect
selection is therefore the cause of fluctuations in frequency between the male morphs,
which is necessary for the continued fluctuation of female morphs. As a result, male and
female conflict adaptations reach the stable point after convergent cycles around the
equilibrium (Fig. 4a) (Gavrilets, 2000; Gavrilets and Waxman, 2002; Héardling and
Bergsten, 2006).

Mating system characteristics may, however, alter the basic scenario described
above. With completely random mating, the female morph that suffers most from male
harassment will become lost due to costs from sexual conflict. Because no genetic
correlation is created, and because random mating is non-selective for male morphs (i.e.
it is not a source of selection on males) male morph frequencies do not change
evolutionarily in the case when mating is random. Thus, non-random mating and the
resulting genetic correlation between compatible pairs is a prerequisite for the
coevolutionary dynamics and the stable internal equilibrium (Hérdling and Bergsten,
2006). It should be pointed out that the genetic correlation does not have to be

particularly strong to have this important effect. In the modelled polygynous mating
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system, arbitrarily low genetic correlations ensure stability of the equilibrium point (Fig
3b). And in the promiscuous case, low genetic correlations cause stability under most
female cost conditions (low k in Fig. 3a).

Stable equilibrium, with genetic polymorphism in both males and females, may be
reached both with a promiscuous and a polygynous mating system. In both cases,
increasing female mating cost tends to increase stability of the polymorphism, all else
equal (Figs. 3a and b). Costly mating can therefore help preserve genetic variation. For
the polygynous population (Fig. 3b), but not for the promiscuous, stability is further
strengthened with increased degree of assortative mating. This difference between the
mating systems is explained by how selection operates on males. In a promiscuous
population (Eq. 6), males of e.g. morph a' (frequency p) are only favoured by direct
selection if a females (frequency ¢) are in majority; (¢ > 1/2). In the polygynous case
(Eq. 13) the condition is close to (¢ > 1/2) when assortative mating is very low (k= 1)
but if the degree of assortative mating is increased, the parameter interval with selective
advantage for males is widened. In the extreme case of perfect nonrandom mating (k =
0), males of morph a' (frequency p) are favoured by direct selection if a females
(frequency ¢) are more frequent among females than o' males among males (i.e. if ¢ >
p)- Thus, rare male morphs have a mating rate advantage over a wider parameter range
in the polygynous system than in the promiscuous system. The strong selection on
males reinforces the negative frequency dependent selection caused by female conflict
costs, which stabilises the polymorphic equilibrium

Unstable equilibrium (Fig. 4b), where one morph pair sometimes goes to fixation,
is only found for the promiscuous population since in this mating system the stabilising

effect from female conflict costs may be offset by assortative mating. When non-
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random mating exceeds mating costs, males “matching” the most common female
morph will always be favoured by selection (Eq.6). This is because strong direct
selection on the male morph affects females through linkage disequilibrium (Eq. 24). As
a result, the direct selection effect on female morph frequencies through mating costs is
outweighed and female morphs suffering from direct sexual conflict costs will still
increase in frequency. The most common morph pair will therefore increase in
frequency via indirect selection and eventually become genetically fixed. In a
promiscuous mating system, the evolutionary outcome therefore depends on whether
direct selection is stronger on males (because of assortative mating) or on females
(because of conflict costs) and in both cases the opposite sex is “dragged along” by
indirect selection. The unstable case is comparable to the dynamics of chase-away
selection and antagonistic arms races (Holland and Rice 1998), viz. frequent changes in
male and female allele frequencies. However, in our model, stable morph frequencies
result under a wider parameter space and may be wide spread also in natural populations
(Svensson et al., 2005; Hardling and Bergsten, 2006; Gosden and Svensson, 2007).

The condition for unstable equilibrium, s < 1 —%, can be interpreted as a
condition for sympatric speciation comparable to the result by Udovic (1980). The
Udovic model predicts sympatric speciation when the cumulative strength of viability
selection (v) on heterozygotes and assortative mating (a) is larger than a threshold value
(v+ a>1). In our model, the strength of assortative mating is (1 - k), and s is the fitness
loss of females that mate with harmful males. Thus, decreasing female fitness costs
causes population differentiation in our model, while in contrast the Udovic model

predicts speciation with increased viability costs (Udovic, 1980; Gavrilets, 2004).
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378 As we have seen, whether a population will stay polymorphic or will lose genetic
379  variation depends on the balance between female conflict costs and assortative mating,
380  together with the particulars of its mating system. For all outcomes however, indirect
381  selection has a crucial role. This gives two insights; first that indirect selection may be
382  of importance in sexual conflict systems, with potential to influence the dynamics just
383  like with direct fitness effects. The significance of indirect selection does not question
384  the presence of a sexual conflict; instead it contributes with an additional dimension to
385  the dynamics initiated by direct mating costs. Second, the result illustrates the

386  intersexual dynamics, showing how the impacts on one sex inevitably affect the other.
387  Indeed it is not possible to assign winners and losers of sexual conflict since the sexes
388  are mutually dependent on each other for their reproductive success (Arnqvist and

389  Rowe, 2005). In our model, assortative mating is ultimately based upon matching

390  between dimorphic alleles at two sexspecific loci, although we expect similar results
391  also for a population with more than two different alleles (i.e. with more that two

392  compatible morph pairs) since it is the establishment of genetic correlation and the

393  potential for indirect selection that is fundamental.

394 We have here considered two mating system extremes (Figs. 2a and b),

395  promiscuous in-one end and polygynous in the other, but for natural populations the
396  reality may be somewhere in between. Theory predicts that the expressed mating system
397  depends on the availability of defendable resources (Emlen and Oring, 1977). The

398  features of the prevailing mating system could therefore probably vary between years or
399  over seasons, depending on ecological factors such as food access or availability of
400  suitable habitat, making the long-term evolutionary consequences of the conflict

401  difficult to predict. Rapid environmental change could thus potentially affect the
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outcome of sexual conflict through mating system, making the outcome of sexual
conflict even more complex and unpredictable for populations affected by habitat
destruction and population decreases.

Sexual conflict has been suggested to be a strong “engine of speciation” (Rice,
1998; Arnqvist et al., 2000) since coevolution between the sexes may be very rapid and
often involves reproductive traits, enhancing the chance for reproductive isolation to
evolve (Rice, 1998). Our model shows, however, that sexual conflict also may act to
maintain the genetic variation below the species level, so that multiple resistance-
persistence trait combinations may frequently be able to coexist without leading to
coevolutionary chases or races. This is interesting to consider as an alternative outcome
of sexual conflict to sexual conflict driven speciation, which may be a process that only
occurs under restricted conditions.

In conclusion, the current model shows how selection acts on populations with
multiple resistance-persistence trait combinations. We show that the interaction between
conflict cost and the inevitable assortative mating in conflicts affect the evolutionary
outcome. Of major importance for the outcome is the mating system characteristics and
its significance should always be considered for better understanding of sexual
conflicts, both in theoretical models and when studying natural populations. Phenotypic
and genetic polymorphism are maintained at most of the here investigated parameter
space, indicating that sexual conflict, under these assumptions, frequently restrain
differentiation and preserve genetic variation within populations. With Rice’s (1998)
illustrative example of sexual conflict as a dancing couple forever attached to each other

in mind, the most representative result from our model is perhaps the mutually
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dependence between the sexes and the consequences sexual costs and benefits have not

only for the exposed sex but for the entire population.
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Legends to figures

Figure 1. Schematic view of the (a) promiscuous and (b) polygynous mating system

that appears in the model.

Figure 2. The linkage disequilibrium (D) between the x and y locus at the evolutionary
equilibrium (Eq. 23). Linkage disequilibrium is purely a function of the assortative

mating parameter k (Eq. 24) and is identical for both modelled mating systems.

Figure 3. Graphic representation of a local stability analysis of the equilibrium with
coexistence of all four genotypes (Eq. 23). The isoclines depict the absolute value of the
maximum eigenvalue of the recursion system (Eqs. 18 — 21). For stability, this value
should be lower than 1. The vertical axis measures female conflict costs (s). The
horizontal axes show degree of assortative mating, which is measured as (1 - k) (see
text). Panel (a) shows the promiscuous mating system and here stability requires that s >
(1 - k). Panel (b) shows the polygynous mating system and here the internal equilibrium

is always stable. The figure is drawn for a recombination rate » = .
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Figure 4. Two examples of the dynamics of the promiscuous mating system, showing
the coevolution of male and female conflict adaptations. Panel (a) shows a case where
the internal equilibrium is stable. When the population is initiated at a point with near
fixation of a particular pair of matching male and female conflict adaptations,
antagonistic coevolution leads, through direct selection effects, the phenotype

frequencies in a cyclic fashion towards the equilibrium. In (b) the equilibrium is

unstable because of strong assortative mating. Disequilibrium leads to indirect selection

on females that overrides direct selection and leads to either of the two points with

matching male and female conflict adaptations. Parameter values: (a) s= 0.5, k=0.4, r

=0.5;(b)s=0.4, k=0.5,r=0.5.
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Table 1

Table 1. Mating table for the type matching mating systems.

Mating type Frequency Fitness | Offspring

Male Female X1Y1 X1¥2 X2y1 X2Yy2

Z1y1 Z1y1 Ax/’ W. 1 0 0 0

z1y1 Z1y2 kBxx, Ws VA s 0 0

Z1y1 Y] AxiX3 W, VA 0 v 0

21y 2y kBx x4 W Ya(1-1) Lor Lor Ya(1-1)
Z1¥2 Z1y1 AXxox Wa ! Vs 0 0

1y 71y kaz2 Ws 0 1 0 0

Z1y2 2V Axyx3 Wa Yar Ya(1-1) Ya(1-1) Yar
Z1Y2 2> kBx5x4 Ws 0 5 0 v

231 Z1y1 kAX3x] W, v 0 v 0

221 Z1¥2 Bxsx; Wy, Var Ya(1-1) Ya(1-1) Yar
Yyl 2V KAX;” W, 0 0 1 0
Y] 2 %) Bx3x4 Ws 0 0 s Vo
Y2 71y1 kAx4x, Wa Ya(1-1) Yor Vor Ya(1-1)
Y2 21y Bxsxs Ws 0 Pz 0 v
22 Y1 kAX4x3 W, 0 0 v v
nys Y Bx,’ W 0 0 0 1






