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Abstract.—We describe and analyze a computer-simulation model of mate choice, featuring
two different quality groups (based on offspring per mating) in each sex. Mating between quality
groups results from two-dimensional random encounter and mutual assent, where assent reflects
an attempt to maximize expected lifetime reproductive success, E(LRS). Premating predation
(via random encounter with predators) and other mortality also influence E(LRS). Given poten-
tially conflicting optimal choices, the model finds the evolutionarily stable patterns of choosiness
for the four quality groups. When there are multiple mating episodes by individuals through the
season, the resulting dynamic game is solved to obtain a seasonal pattern of mate choice and
reproduction. The model generates seven different mating patterns among quality groups. These
patterns imply different opportunities for selection, as indicated by the variance components of
normalized lifetime reproductive success, var(LRS). The changes in E(LRS), var(LRS), and
mating patterns in response to different densities of predators and of potential mates are explored
in detail. Decreasing predation risk or increasing mate availability tends to increase E(LRS),
choosiness, and assortative mating. Var(LRS) and thus the opportunity for selection for mate
quality is highest at intermediate densities of predators and of potential mates. When density
remains constant throughout the mating season, choosiness increases late in the season, a time
at which less of the potential E(LRS) is jeopardized by the greater predation risk associated with
choosiness. Reproductive success of the low-quality group of the less choosy sex is particularly
sensitive to changes in density and other parameters. When seasonal density patterns of preda-
tors and potential mates are predictable, these low-quality individuals should do better and may
thus be more numerous when mate densities are high and predator densities are low, or when
predator densities are high and mate densities are low, than for other combinations of relative
densities.

Natural selection shapes many behaviors in animals, including the choice of
mates (Darwin 1871). If the numbers of offspring expected from a mating, or the
risk associated with obtaining the mating and the subsequent offspring, differ
among potential mates, then selection should favor the ability to discriminate and
respond appropriately (Janetos 1980; Bateson 1983; Partridge and Halliday 1984).

A considerable amount of recent empirical work has focused on mate choice
and on the phenomena that influence and constrain choices. Mate choice has
been demonstrated both in males (see, e.g., Sargent et al. 1986; Thornhill and
Gwynne 1986) and in females (see, e.g., Sargent and Gebler 1980; Sargent 1982);
in many cases, reproductive success depends on mate choice (see, e.g., Crocker
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and Day 1987; Simmons 1987). Though mate choice need not be adaptive to
permit coevolution between mate preferences and the chosen traits (Lande 1980;
Kirkpatrick 1982, 1987; Bradbury and Andersson 1987), in this article we restrict
our attention to adaptive mate choice in both sexes. We assume that both sexes
vary in reproductive quality and that offspring number and survival are deter-
mined by the combined reproductive quality of the parents. Such parental contri-
butions to offspring may be genetic, environmental, or a combination.

Our study focuses on environmental contributions to the fitness of offspring.
These may include propagule number and size in females, nuptial gifts and high-
resource or low-predation-risk territories in males, and parental care in both
sexes. Though the model is also applicable to heritable fitness contributions,
the possible importance of these in nature is currently a source of considerable
controversy (see, e.g., Partridge 1980; Boake 1986; Woodward 1986; Kirkpatrick
1987; Taylor et al. 1987; Moore and Moore 1988). We refer to the total contribu-
tion that a potential mate can make to the fitness of its offspring as its reproductive
quality.

Mate choice can result in assortative mating (e.g., size-assortative mating;
Thompson and Manning 1981; Rubenstein 1987). When the chosen trait correlates
with reproductive quality, this generates assortative mating on reproductive qual-
ity as well. In this article, we model how mate choice and assortative mating
based on reproductive quality depend on three factors over a breeding season:
mate density, operational sex ratio, and predation risk.

Though these three factors are rarely studied in concert, some information is
available about the effects of each. The densities of potential mates over the
mating season are known to influence the type of mating system (Parker 1970;
Wells 1977; Thornhill 1984; McLain and Boromisa 1987), but density data have
been obtained only infrequently in mate-choice studies. The central importance
of the operational sex ratio (Wade 1979; Fincke 1982; Hubbell and Johnson 1987)
is perhaps more widely appreciated than that of density. In fact, differences in
postmating latency alone may alter the operational sex ratio and the variances of
reproductive success, whether or not mate choice or overt intrasexual competi-
tion is involved (Sutherland 1985; Hubbell and Johnson 1987). Finally, searching
for mates has been shown to be dangerous (McCauley and Lawson 1986; Gwynne
1987), even to the point of skewing the sex ratio or inhibiting the mating activities
of the vulnerable sex. In extreme cases, predation may retard or counteract sex-
ual selection (Endler 1978, 1983, 1987; Belwood and Morris 1987).

To date, there have been relatively few modeling analyses of environmentally
based mate choice. Most of these (i.e., Parker 1979; Janetos 1980; Losey et al.
1986; Hubbell and Johnson 1987) have considered mate choice an optimization
problem for each sex separately. Taking account of the potential for each sex to
constrain choices by the other generates a game, which can be solved as a stan-
dard optimization problem only when one sex can be assumed to mate indiscrimi-
nately (Parker 1983). The application to mating tactics of the terminology and
methods of game theory and the theory of evolutionarily stable strategies (see
Maynard Smith 1982) is recent (Cade 1980; Dawkins 1980; Rubenstein 1980) but
well established (Dominey 1984).
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In this article, we present the derivation and computer-simulation analysis of
a dynamic-game model of mate choice in which there are two discrete quality
categories of potential mates in each sex. Dynamic games are dynamic-
programming formulations for which the strategy within each time step is deter-
mined by the outcome of a game. In a dynamic program, the strategy for each step
in a temporal sequence of discrete time steps is optimized, subject to constraints
imposed by previous choices of strategy. (For a thorough review of dynamic
programming in behavioral ecology, see Mangel and Clark 1988.) Dynamic-game
analyses in ecology include those of Schaffer (1977), Enquist and Leimar (1983),
Vincent and Brown (1984), Mikela (1985), and Houston and McNamara (1987).
We focus here on establishing the conditions under which individuals in each of
the two quality categories should be choosy or indiscriminate in choosing mates,
both for isolated mating episodes and for a seasonal sequence of such episodes.
The resulting stable mating patterns, presence or absence of assortative mating,
expected lifetime reproductive success (hereafter, E(LRS)), and normalized vari-
ance of LRS (hereafter, var(LRS)) within each sex are obtained.

E.(LRS) and var,(LRS) indicate the fitness and the opportunity for selection in
the specified sex x, respectively (Arnold and Wade 1984a, 1984b). (Expressions
used to calculate E (LRS) and var,(LRS) are presented in App. A.) We use them
in this article, with the other responses noted above, to compare and interpret
the model’s behavior under different ecological conditions. In particular, we at-
tempt to establish (1) the seasonal patterns of mating and of reproductive success
expected for organisms capable of repeated reproduction during a breeding sea-
son and (2) the extent to which single-episode and seasonal patterns reflect pre-
mating predation risk and the availability of potential mates.

In the next section, we describe the structure of the model. We then present
results for single mating episodes, emphasizing the effects of mate densities and
predators, followed by results for seasonal sequences of mating episodes. Next,
we apply the model to three case studies from the literature, obtaining good
qualitative agreement with empirical results and some additional insights into the
biological interactions. We conclude with a general discussion and some testable
predictions and hypotheses derived from the analysis.

MODEL STRUCTURE

Overview

The assumptions listed in table 1 ensure tractability while retaining consider-
able generality. Each individual’s lifetime consists of a series of mating episodes
in a single mating season. Over evolutionary time, natural selection is assumed
to steer mate choice in each episode toward maximizing the expected number of
offspring for the remainder of the individual’s lifetime. Choosiness in a given
episode generally increases the risk of mortality, jeopardizing potential reproduc-
tion in that episode and in all subsequent episodes. Establishing the optimal se-
quences of mate choice should thus be formulated as a dynamic-programming
problem. Because the best strategy in a given episode depends in part on the best
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TABLE 1

ASSUMPTIONS OF THE MODEL

Densities:
1. Densities of potential mates and of predators remain constant throughout each mating episode.
2. During successive mating episodes, densities of potential mates and of predators are indepen-
dent of mating, predation, and mortality in other episodes.
Mating and predation dynamics:
3. Lifetime reproductive success is determined within a single mating season.
4. Frequencies of mating and predation are determined by two-dimensional random encounter.
5. Mating (with consequent reproduction) and predation are instantaneous.
6. Searching for mates entails at least as much risk of predation as not searching for mates.
Access to mates:
7. No matings are forced.
8. There is no interference or sperm competition for mates.
Mate quality:
9. Mate qualities within each sex can be represented as two discrete categories.
10. Qualities of the quality groups are constant throughout the season.
11. Mate quality is instantaneously and infallibly assessed.
12. For matings of each quality-group combination, the number of offspring produced is directly
proportional to the number of matings.
Quality-specific choice patterns:
13. All individuals within a quality group are identically choosy, and this degree of choosiness
remains constant during a given mating episode.
14. Quality groups combine to exhibit choice patterns in each mating episode that are stable with
respect to alternative patterns and that maximize the expected number of offspring from the
beginning of that episode to the end of the mating season, subject to this stability constraint.

strategies for the future, the optimal strategy must be found in a reverse-
cumulative way. The first step is to calculate the best strategy for the final epi-
sode. The second step calculates the optimal strategy for the second-to-last epi-
sode, taking into account the extent to which this strategy influences the potential
payoff in the last episode. Expected reproductive success for the final two epi-
sodes is then used to calculate the optimal strategy for the third-to-last episode,
and so on. Because the mate choices made by individuals in each of the four
categories during an episode are constrained by choices made by individuals in
other categories, we follow a game-theoretic approach to finding the best available
strategies for each category. (These categories are designated here as ‘‘quality
groups.’’) Actual mating and predation frequencies within mating episodes are
calculated as random encounters in two dimensions within a finite area; these
frequencies help determine the expected numbers of offspring from which the
stable combination of strategies for a particular episode is obtained. These manip-
ulations and calculations are carried out in a computer program, which allows
the implications of a large number of parameters to be efficiently studied.

The Seasonal Sequence of Mating Episodes

The mating season is taken to be a sequence of cycles, each composed of a
mating episode followed by a nonmating period. The sexes may differ in the
frequency with which individuals can participate in mating episodes and in the
number of matings possible within a given episode (see fig. 1).

Though the strategies chosen by each quality group can influence the survival



