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Ecology, Sexual Selection, and 
Evolution of Mating Syst 

Stephen T. Emlen and Lewis W 

Mating systems (1) were first dis- 
cussed in evolutionary terms by Darwin 
(2). Since then, major developments in 
genetic theory have allowed a better un- 
derstanding of sex ratios, sexual di- 
morphism, and differential patterns of 
parental care (3-7). Important mile- 
stones toward an ecological understand- 
ing of mating systems have also been 
reached (8-16). Nevertheless, attempts 
at synthesizing natural history data into a 
unified theory of mating system evolu- 
tion have lagged behind the development 
of population genetics theory. 

One factor hindering development of a 
sociobiological framework of mating sys- 
tem theory has been a recurring tenden- 
cy for field workers to search for and to 
discuss "adaptiveness" in the context of 
the survival or well-being of the popu- 
lation or species. To understand mating 
systems, we must abandon species- or 
group-selection viewpoints and return to 
the evolutionary tenet of natural selec- 
tion operating at the level of the individ- 
ual genome (17). 

Fitness, in genetic theory, measures 
the reproductive success of an individual 
(or a genotype) measured relative to the 
reproductive success of other individuals 
(or genotypes) in the same or in other 
populations. Thus, we should expect a 
strong competitive element in many as- 
pects of reproductive behavior. Darwin 
was fully aware of this intraspecific com- 
petition when he introduced the theory 
of sexual selection (2). Stated simply, 
when one sex becomes a limiting factor 
for the other, the result is an increase in 
intrasexual competition among members 
of the available sex for access to mates 
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Fig. 1. A general schema of the determinants of a mating system. 

that they are economically defendable 
for an individual that expends most of its 
time budget on such defense, but not for 
one that devotes considerable time to al- 
ternative activities. The degree to which 
an animal can take advantage of the 
"polygamy potential" of the environ- 
ment depends in large part on the degree 
of parental care required for successful 
rearing of young. 

Recent attempts at synthesizing the lit- 
erature on mating systems have focused 
on this latter point. Polygamy is more 
prevalent in species where one sex is 
freed from parental care duties. Mem- 
bers of this sex can expend increased 
time and energy on intrasexual com- 
petition for resources and mates. Several 
predictions logically follow and have 
been stressed by others: polygamy 
should be more common among animals 
where (i) one sex is predisposed to as- 
sume most of the parental care (for ex- 
ample, mammals); (ii) parental care re- 
quirements are minimal (for example, 
birds with precocial as compared with al- 
tricial young); and (iii) a superabundant 
food resource enables a single parent to 
provide full parental care (7, 11-13). 
Emancipation by itself, however, need 
not lead to the evolution of polygamy. It 
merely assures that one sex can fully ex- 
ploit the potential for mate monopo- 
lization inherent in the environment (see 
discussion on resource defense polygy- 
ny, below). 

The spatial distribution of resources. 
Brown introduced the concept of eco- 
nomic defendability to the study of ani- 
mal spacing patterns (20). We extend his 
approach to encompass mating systems. 

When important resources are distrib- 
uted uniformly in space, there is little op- 
portunity for resource monopolization. 
If the resources are sufficiently abundant 
and stable through time, territoriality 
typically occurs. Members of the breed- 
ing population would tend toward even 
dispersion and the potential for multiple 
matings would be low. Sexual selection 
would be minimal, and the fitness of indi- 
viduals might be maximized by sharing 
equally in parental care duties (see mo- 
nogamy). 
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As critical resources become unevenly 
distributed in nature, the potential for 
obtaining additional mates increases. 
This is because some individuals may be 
able to control a larger quantity or better 
quality of resource than other individ- 
uals. To the degree that this influences 
mate choice, polygamous matings may 
be expected (Fig. 2, horizontal axis). 

When important resources are highly 
clumped, the possibility arises for a 
small percentage of the population to 
monopolize a large proportion of the 
available resources. Sexual selection and 
variance in reproductive success should 
be high, and we speak of the environ- 
ment as having a high polygamy poten- 
tial (EPP). 

The temporal distribution of mates. In 
our model, the benefits derived from re- 
source defense lie in an increased proba- 
bility of mate attraction and acquisition. 
The magnitude of this benefit is strongly 
influenced by the temporal pattern of 
availability of sexually receptive part- 
ners. 

If females in a population become sex- 
ually receptive in unison, there is little 
potential for individual males to monop- 
olize multiple females. This will be espe- 
cially true if each female is sexually ac- 
tive for only a brief period. By the time 
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Fig. 2. Graphic representation of the environ- 
mental potential for polygamy (indicated by 
the perpendicular height of the shaded area) 
and its relation to the spatial distribution of 
resources and temporal availability of recep- 
tive mates. 

the sexes have located one another, and 
normal courtship and mating have taken 
place, most of the remaining available fe- 
males have already been inseminated 
and few new partners are available. As 
long as the time involved in servicing a 
single sexual partner constitutes a signif- 
icant portion of the total time that poten- 
tial mates are available, trends toward 
polygamy will be minimal. 

With increasing degrees of asynchrony 
among members of one sex, the potential 
for individuals of the other sex to accu- 
mulate multiple mates increases. Among 
species in which both sexes contribute to 
parental care, a moderate degree of 
asynchrony is essential for the expres- 
sion of polygamy. In species where one 
sex is largely freed from parental duties, 
individuals of this sex should remain sex- 
ually active for the duration of the period 
during which members of the other sex 
become sexually receptive. The intensity 
of sexual selection then will be deter- 
mined by the degree to which critical re- 
sources are differentially controlled by 
members of the limited sex, by the avail- 
ability of members of the limiting sex 
(21), and by the process of mate selec- 
tion. 

As the degree of asynchrony becomes 
extreme, the rate of appearance of new 
potential mates reaches a point at which 
the cost of continued resource defense 
necessary for attracting an additional 
mate exceeds the additional benefits 
gained. Continued mate accumulation 
would no longer be energetically practi- 
cal and tendencies toward polygamy will 
decrease (see Fig. 2, vertical axis). 

The concept of operational sex ratios. 
To understand the intensity of sexual se- 
lection it is not the overall population ra- 
tio of males to females that is of impor- 
tance but rather what we term the opera- 
tional sex ratio (OSR)-defined as the 
average ratio of fertilizable females to 
sexually active males at any given time 
(22). This ratio is strongly affected by the 
degree of spatial and temporal clumping 
of the limiting sex. For example, contin- 
uous long periods of sexual activity by 
males, coupled with brief and asynchro- 
nous periods of receptivity by females, 
will produce a strong skew in the OSR. 

The OSR provides an empirical meas- 
ure of the degree of monopolizability of 
mates. The greater the degree of imbal- 
ance in the OSR, the greater the ex- 
pected variance in reproductive success 
among members of the limited sex and 
the greater the degree of polygamy. 
Where the OSR is skewed toward males, 
polygyny is expected; when the skew is 
toward females, polyandry should occur 
(23). 
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Table 1. An ecological classification of mating systems. 

Attempts to categorize mating systems 
have been hampered by a lack of gener- 
ally accepted terminology. Classically, 
mating systems have been defined ac- 

cording to the number of mates that one 
sex can accumulate. Sometimes this is 
modified to separate simultaneous from 

sequential multiple mate acquisition. Se- 
lander (14) has proposed a new classifi- 
cation based, in part, on the duration of 
the pair bond or mate association. The 

difficulty with these classification 
schemes is that they leave functionally 
or causatively unrelated situations (or 
both) in the same category. They ignore 
the importance of environmental pres- 
sures on parental care and sexual selec- 

tion, and the influence of these factors on 

mating system evolution. In this article 
we have characterized mating systems 
on the basis of the ecological and behav- 
ioral potential to monopolize mates, and 

by the means through which such mo- 

nopolization takes place. Where male 
and female strategies conflict, we use 
terms appropriate for the sex that con- 
trols the resource base or monopolizes 
multiple mates (or both) (see Table 1). 

Monogamy 

Neither sex has the opportunity to mo- 

nopolize additional members of the op- 
posite sex, directly or through resource 
control. Multiple breedings per season 

may occur in sequence. 
Monogamy is expected to occur when 

(i) there is no environmental "polygamy 
potential," or (ii) there is no opportunity 
to take advantage of what "polygamy 
potential" the environment affords. Mo- 

nogamy is the dominant avian mating 
system, occurring in more than 90 per- 
cent of the species studied (24), but it is 
believed rare among mammals (25). 

The prevalence of monogamy among 
birds is due primarily to the inability of 
most species to take advantage of any 
environmental "polygamy potential." 
Considerable parental care by both par- 
ents often is required for successful rear- 

ing of young. Thus, losses to an individ- 
ual parent accrued by withholding care 
from one set of offspring while courting 
and mating with additional mates may be 
greater than the gains resulting from 
such behavior. 

In mammals, the preponderance of fe- 
male parental care allows males of most 
species to exploit whatever "polygamy 

potential" exists. Nevertheless, monog- 
amy may be more common than is usual- 
ly supposed, especially in populations 
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Monogamy: Neither sex has the opportunity of monopolizing additional members of the oppo- 
site sex. Fitness often maximized through shared parental care. 

Polygyny: Individual males frequently control or gain access to multiple females. 
Resource defense polygyny: Males control access to females indirectly, by monopolizing crit- 

ical resources. 
Female (or harem) defense polygyny: Males control access to females directly, usually by 

virtue of female gregariousness. 
Male dominance polygyny: Mates or critical resources are not economically monopolizable. 

Males aggregate during the breeding season and females select mates from these aggre- 
gations. 

Explosive breeding assemblages: Both sexes converge for a short-lived, highly synchro- 
nized mating period. The operational sex ratio is close to unity and sexual selection is 
minimal. 

Leks: Females are less synchronized and males remain sexually active for the duration of 
the females' breeding period. Males compete directly for dominant status or position 
within stable assemblages. Variance in reproductive success and skew in operational sex 
ratio reach extremes. 

Rapid multiple clutch polygamy: Both sexes have substantial but relatively equal opportunity 
for increasing fitness through multiple breedings in rapid succession. Males and females each 
incubate separate clutches of eggs. 

Polyandry: Individual females frequently control or gain access to multiple males. 
Resource defense polyandry: Females control access to males indirectly, by monopolizing 

critical resources. 
Female access polyandry: Females do not defend resources essential to males but, through 

interactions among themselves, may limit access to males. Among phalaropes, both sexes 
converge repeatedly at ephemeral feeding areas where courtship and mating occur. The 
mating system most closely resembles an explosive breeding assemblage in which the OSR 
may become skewed with an excess of females. 

where individuals are widely dispersed 
over relatively uniform environments 
(26). As was mentioned previously, male 
emancipation by itself should only lead 
to polygyny under permissive environ- 
mental conditions. 

If the potential of, or the gain from, 
mate monopolization is nonexistent, an 
individual should benefit by remaining 
with its initial mate and acting in such a 
manner as to maximize the survival 
chances of its offspring. Recent studies 
of long-lived birds show a clear advan- 
tage to long-term mate fidelity (27). Birds 
breeding with former mates show low 
levels of aggression and a high degree of 
within-pair synchronization, allowing 
them to breed more rapidly and efficient- 
ly and leading to a demonstrable increase 
in reproductive success. The longer the 
period of mate fidelity, the more the fu- 
ture physical condition of a mate be- 
comes of importance to its partner. It 
then becomes adaptive to equalize the 
energetic burden of reproduction and to 
share in parental care. 

Forms of Polygyny 

Polygyny occurs if environmental or 
behavioral conditions bring about the 
clumping of females, and males have 
the capacity to monopolize them. Types 
of polygyny are classified according 
to the means that males use to control 
females. 

1) Resource defense polygyny. Males 
defend resources essential to females. To 

the degree that males can monopolize 
these resources, they can monopolize fe- 
males. 

When important resources are un- 
evenly distributed or spatially clumped, 
certain males can defend areas con- 
taining a larger quantity or better quality 
of resource than others. If these re- 
sources are critical for female reproduc- 
tion, then competition among males 
should revolve around subdividing and 
defending these resources. Female 
choice of mate should be influenced both 
by the quality of the defending male and 
the resources under his control (territory 
quality). The extent of polygyny will 
tend to increase with increasing variance 
in territory quality among the males of 
the population. 

Among bird species where both sexes 
provide at least some parental care for 
offspring, females stand to lose if their 
mates take on additional females. Polyg- 
ynous matings will be advantageous to 
the female only if the benefits gained by 
genetic access to a high-quality male or 
to the resources controlled by him more 
than offset her compensatory costs for 
the decreased contribution of the male in 
parental care. As stressed by Verner, 
Willson, and Orians, polygyny is ex- 
pected when the distribution of re- 
sources is sufficiently irregular that a fe- 
male mating with an already paired male 
on a superior-quality territory will have 
equal or better reproductive success 
than if she mated with an unpaired male 
occupying a poorer quality territory (8, 
12, 13). 
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Types of Mating Systems 
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