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Abstract

As effective population size (N,) decreases, genetic factors may become relatively important to a pop-
ulation’s or species’ persistence. Conservation biologists should be aware of anything that can poten-
tially cause a sudden reduction in N,. I used simple models to illustrate how certain types of female
mating preferences combined with certain types of male traits may lead to a sudden and substantial
decrease in N,. Specifically, if and when there is a sudden ‘downward’ shift in the expression of con-
dition-dependent male traits, females using fixed-threshold mate choice criteria might find fewer
acceptable males. While mechanisms of female choice remain elusive, a variety of sexually selected
traits may be condition dependent. Because the expression of condition-dependent traits is likely to
be impacted by natural or human-induced environmental changes, behavioral and conservation biol-
ogists should pay special attention to them around the mating season. Armed with knowledge of con-
dition-dependent male traits, it may be possible to minimize the impact on condition-dependent traits

while planning translocations or reintroductions.

INTRODUCTION

There are many causes of endangerment and extinction
(Primack, 1993). Habitat destruction and other mecha-
nisms that directly reduce the numbers of individuals can
have a profound influence on how long a population or
species persists. In addition to these direct causes of
extinction, less-direct pathways may also influence per-
sistence time. Awareness of less-direct pathways to
extinction allows us to evaluate their importance in a
given situation and may suggest novel, yet potentially
important, remediation. One such pathway concerns the
mechanisms by which females choose their mates and
how this may influence the effective population size (N,).

Females rarely chose their mates randomly and often
base their decisions on one or more identifiable male traits
(e-g. Bateson, 1983; Andersson, 1994). To choose among
multiple males, females can either use a relative or an
absolute assessment rule (Lande, 1981; Zuk et al., 1990).
Relative assessment is inferred when a female’s choice is
based on a sample of available males; females using this
mechanism should immediately change their preferences if
offered a different selection of males (Zuk et al., 1990).
While there is some empirical support for relative assess-
ment mechanisms (e.g. Brown, 1981; Brown & Down-
hower, 1983; Ryan, 1985), if there are substantial
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assessment costs born by the female (e.g. time, energy, pre-
dation risk), females may have absolute threshold assess-
ment mechanisms to minimize assessment time (Janetos,
1980; Wittenberger, 1983; Real, 1990). Thresholds may be
fixed or adjustable (Reid & Stamps, 1997). When fixed,
females prefer particular expressions of male traits regard-
less of the distribution of those traits in the population
(Lande, 1981; Zuk et al., 1990). When adjustable, thresh-
olds may change based on sampling males in the popula-
tion (Luttbeg, 1996; Reid & Stamps, 1997).

Mechanisms of threshold assessment may be visual-
ized using preference curves that plot the distribution of
a male trait on the abscissa and the probability of a
female mating with a male with that trait expression (or
a measurable correlate such as ‘interest’) on the ordinate
(e.g. Fig. 1; Houde, 1987; Houde & Endler, 1990;
Milinski & Bakker, 1990; Wagner, Murray & Cade,
1995; Ritchie, 1996). Female preference curves may
have different shapes. Females may have asymptotic
preferences where they prefer no males below a critical
value and all males above another critical value.
Between the critical values, the probability of mating
increases with male trait expression. Females may have
roughly parabolic preferences where they increase and
then decrease their probability of mating as male trait
expression increases. Parabolic-like preferences might
be expected if female preferences co-vary with normally
distributed male traits and each female has an ‘ideal’
mate (e.g. Jennions, Bacwell & Passmore, 1995).
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Parabolic preference functions would lead to stabilizing
selection for male traits. Finally, although somewhat
unlikely, females may have a fixed-range preference and
mate only with males within a given range of trait
expressions where the probability of mating increases
with male trait expression. While fixed-range prefer-
ences are unlikely given that females seem to prefer
exaggerated traits (Ryan & Keddy-Hector, 1992), they
could potentially be found depending on the exact dis-
tribution of male traits (i.e. preferences could be asymp-
totic but there are no highly desirable males present).

Female preferences are only half the story. Many of
the traits that females prefer vary according to male con-
dition (Andersson, 1994). Males in good condition have
longer tails (e.g. Mgller, 1989), brighter colors (e.g.
Endler, 1983), and vocalize more (e.g. Clutton-Brock &
Albon, 1979). Andersson (1994: table 6A) provides a
comprehensive review of sexually selected traits in both
vertebrates and invertebrates. Of 232 reviewed studies
on 186 species, 167 of the studies reported female choice
for a trait. Many of the listed traits are likely to be con-
dition dependent and condition-dependent traits used for
mate choice are routinely being reported in the behav-
ioral ecology literature.

Expression of a condition-dependent trait may be
influenced by access to important resources (e.g. Endler,
1983), the presence of pathogens (e.g. Zuk et al., 1990),
or even the ability to properly display a trait (e.g. Endler
& Théry, 1996). Thus, changes in resource distribution,
the introduction of an otherwise non-lethal pathogen, or
habitat alterations may influence trait expression.

What happens if females have fixed threshold prefer-
ences and a large number of males are suddenly unable
to acquire enough resources to grow long tails, be bright,
or vocalize a lot? Or, what happens if females have a
flexible threshold that requires some sampling but they
are unable to sample? A long winter, the sudden intro-
duction of new parasites or pathogens, human impacts,
or natural disasters may all reduce food availability or
condition prior to a mating season and may result in uni-
form downward shift in the expression of condition-
dependent traits or may increase the cost of sampling. I
will use a simple simulation model to illustrate some
ramifications of this scenario.

THE MODEL

Intuitively, the proportion of acceptable males will be a
function of male trait distribution and the female pref-
erence function for that trait. To simulate these distrib-
utions I assumed a normally distributed male trait, varied
the distribution’s mean and standard deviation, and
approximated three possible female preference functions
(Fig. 1). The proportion of acceptable males given an
asymptotic female preference was modeled as:
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Fig. 1. A parabolic female preference function (female pref-
erence axis) superimposed over a hypothetical male trait dis-
tribution (frequency axis). Female preference functions plot
the probability of mating with a male exhibiting a particular
trait expression (e.g. tail size). Females with parabolic prefer-
ences increase and then decrease their probability of mating
with a male as male trait expression increases. Females with
fixed-range preference functions (below) mate only with males
within a given range of trait expressions where the probabil-
ity of mating increases with male trait expression. Females
with asymptotic preference functions (below) mate with no
males below a critical value and all males above a critical
value. Between the critical values the probability of mating
increases with trait expression.

where ¢(z) is the probability that a male with trait
expression z will be mated given m, the steepness of the
ascending part of the female preference, —T is the thresh-
old below which no males would be acceptable and T is
the threshold above which all males would be accept-
able. The proportion of acceptable males given a para-
bolic female preference was modeled as:

(mT) -T<z<T )

2
¢(2)=1z Z | +zm
0

otherwise.
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In this case m describes the steepness of the parabola.
The proportion of acceptable males given a linear and
fixed-range female preference was modeled as in Eqn.
(1), with the following constraints to make it a fixed-
range preference function,

0 z <-T,
@(2)=1zm -T <z<T, 3)
0 z >T.

For both the asymptotic and parabolic preference
functions, the proportion of acceptable males declined
quickly as the male distribution was shifted below the
range of female preferences; for the fixed range prefer-
ences, results were less predictable although fixed range
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Fig. 2. Proportion of acceptable males as a function of the
‘steepness’ of the preference, m, for each of three different
preference functions after shifting the distribution of male
traits one sp, two SD, and three sD ‘downward’. With asymp-
totic and parabolic preferences, there is almost always a sub-
stantial decline in the proportion of acceptable males.

preferences uniformly resulted in fewer acceptable males
(Fig. 2). As the variance in male trait distribution
increased, the proportion of acceptable males decreased
under an asymptotic female preference function, gener-
ally decreased under a parabolic function, and again
remained somewhat location specific under a fixed-range
preference function. As the slope of the female preference
increased, more males generally became acceptable under
asymptotic and parabolic preferences; fixed-range prefer-
ences, once again, produced location-specific responses.

To emphasize the importance of the number of accept-
able males on effective population size, I have used a
standard equation to calculate the effective population
size for a non-age-structured population (Wright, 1938),

1
1 1 4)
N, "IN, (

N, =

where N, is the effective population size, N, is the
number of breeding males in the population and Ny is
the number of breeding females in the population.
Calculations of N, explicitly acknowledge that all indi-
viduals do not breed (e.g. Nunney 1993; Parker & Waite,
1997). The implicit assumption is that most breeding-
age females breed but only a fraction of breeding-age
males breed. I use these calculations to emphasize that
certain mate choice criteria may further reduce the num-
ber of acceptable males because all females may not
mate.

Assuming that female preferences will not change if
and when females fail to encounter acceptable males,
and assuming that all acceptable males mate, then as the
number of acceptable males declines, the effective pop-
ulation size declines (Fig. 3). For instance, if females
found only 40% of a population’s males acceptable, a
non-age-structured population is only 55% as large as it
appears. Modeling the effect of a decline in acceptable
males in a single breeding season in an age-structured
population requires more parameters and assumptions,
and while more complex (Charlesworth, 1994: 88-91),
must nevertheless lead to a decline in N,.
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Fig. 3. The relationship between the proportion of acceptable
males and Ne/N in a non-age-structured population. As fewer
males are acceptable, Ne/N decreases rapidly.
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DISCUSSION

There has been a recent emphasis in the importance of
understanding behavior, particularly sexual behavior, for
more population biology oriented conservation biolo-
gists (Berger, 1996; Hoglund, 1996; Parker & Waite,
1997; Waite & Parker, 1997). Conservation biologists
should be concerned about the mechanisms of mate
choice for several reasons. While we have long realized
that sexual selection may reduce the mean population
fitness (Fisher, 1958), demonstrating its effects on
extinction and the maintenance of biodiversity has taken
more time.

Recent studies found that introduced bird species with
plumage dimorphism (a correlate of sexual selection)
were more likely to go extinct on an island than intro-
duced non-dimorphic species (McLain, Moulton &
Redfearn, 1995). These authors suggested that main-
taining dimorphic traits may have a cost in terms of a
reduced ability to compete with other species.

Female preferences also may create or maintain
species diversity. The number of species of African cich-
lid fish living in Lake Victoria have been declining for
some years. Seehausen, van Alphen & Witte (1997) pro-
vide compelling evidence that the loss of diversity is
related to increased turbulence, a consequence of farm-
ing practices, which decreases female visual acuity, and
prevents females from expressing preferences for certain
colors. In the cichlids’ case, females hybridize with other
species leading to a loss of species diversity. If hybrids
were not fertile, it would lead to an immediate reduc-
tion in the number of fish as well. Neither the impor-
tance of direct impacts by humans on cichlids, nor
less-direct effects via mate choice should be ignored.
Expressing sexually selected traits may reduce a species’
competitive ability or make it particularly vulnerable to
human impacts that modify the expression of those traits.

More specifically, for those species where females
have fixed threshold preferences for male condition-
dependent traits, a sudden change in the phenotypic dis-
tribution of those male traits may cause a decline in the
number of acceptable males and a concomitant decline
in N,. The effects of small population sizes are well
known (Franklin, 1980; Gilpin & Soulé, 1986; Chepko-
Sade er al., 1987; Nunney, 1993; Frankham, 19954, b;
Parker & Waite, 1997). As N, decreases, genetic varia-
tion is lost, the likelihood of inbreeding and its poten-
tially deleterious effects increases, and the likelihood of
random demographic effects leading to local extinction
increases. Recent reviews of N,/N ratios (Frankham,
1995a,b) suggest that N, in wildlife populations may
already be very small. Thus, anything that can cause a
further decline in N, is worthy of attention, particularly
if the effects of a declining N, are not predictable
(Frankham, 1995c).

We know that the expression of a variety of male traits
may be influenced by the male’s condition (Andersson,
1994). Unfortunately, we know relatively little about the
heritability of female preferences (but see Ryan &
Wilczynski, 1988; Bakker, 1993; Butlin, 1993; Godin &
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Dugatkin, 1995; Ritchie, 1996), neither do we know
whether females who appear to have fixed thresholds
can or will change their preferences when faced with an
array of formerly unacceptable males (sensu Forsgren,
1992; Berglund, 1993). Thornhill (1984) provides evi-
dence of some preference flexibility in ecological time
for a species with threshold assessment mechanisms, and
Reid & Stamps (1997) illustrate an example of an

"adjustable threshold, but more data are required to gen-

eralize about responsiveness. However, especially for
species with brief fertile periods, it is possible that
females may not have enough time to respond to a sud-
den decline in male ‘quality’. If so, there will be an
immediate drop in N, in three ways: (1) there will be
fewer acceptable males, (2) females may be unable to
find a suitable mate while she is fertile, and (3) some
females may choose not to breed; failure to breed in a
given year is not unheard of in natural populations (e.g.
Boag & Grant, 1981). Moreover, female condition and
fertility is also likely to co-vary with the same environ-
mental resources that influence male condition; females
in poor condition may need to spend more time forag-
ing and less time assessing male quality. If females are
unable to breed, the effect of a decline in acceptable
males would be magnified and N, would decline even
more.

Perhaps this scenario is an argument against having a
fixed threshold assessment mechanism for species who
base mate choice on variation in condition-dependent
traits. Nevertheless, in lien of more information about
mechanisms of female choice, we should consider fixed
thresholds a possibility.

There are important ramifications for the management
of threatened or endangered species if female mating
preferences can contribute to a rapid decline in N.,. First,
more must be known about female assessment mecha-
nisms. Behavioral ecologists can make an important
contribution to conservation biology by studying the
mechanisms of female mate choice in more detail. With
this knowledge, traits may be manipulated (e.g. lengthen
tail, change color, etc) to increase mating probability.
Second, care should be taken to avoid situations where
condition-dependent male traits will not be fully
expressed during breeding seasons. For instance, translo-
cations (Griffith et al,, 1989) may be timed to avoid
stressing males in ways that may influence the expres-
sion of condition-dependent traits.
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