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Introduction

Charl‘?s Darwin’s (1871) treatment of the topic of sexual selection was
sometimes confused because he lacked a general framework within which
to relate the variables he perceived to be important: sex-linked inheritance,
SeX ratio at conception, differential mortality, parental care, and the form
of Fhe breeding system (monogamy, polygyny, polyandry, or promiscuity).
This confusion permitted others to attempt to show that Darwin’s terminol-
Ogy was imprecise, that he misinterpreted the function of some structurcs
and that the influence of scxual sclection was greatly overrated. Huxle;
(1?38), for example, dismisses the importance of female choice without
e‘wdcr_lce or theoretical argument, and he doubts the prevalence of adapta-
tions In males that decreasc their chances of surviving but are selected be-
causc they lead to high reproductive success. Some important advances,
however, have been achieved since Darwin's work. The genetics of sex has
now been clarified, and Fisher ( 1958) has produced a mode! to explain sex
ratios at conception, a model recently extended to include special mecha-
misms that operate under inbreeding (Hamilton 1967). Data from the lab-
orat.ory and the field have confirmed that females are capable of very subtle
choices (for example, Petit & Ehrman 1969) . and Bateman (1948) has sug-
gested a general basis for female choice and male-male competition, and
he has produced precise data on one species to support his argument.

; éthank E. Mayr for providing me at an early date with the key reference. I thank
T. Sohcn, 1. DeVore, W. H. Drur_y, M.. Gadgil, W. ), Hamilton, ). Roughgarden, and

- Schoener for comment and discussion. I thank M. Sutherland {Harvard Statistics
Department) for statistical work on my A. garmani data, H. Hare for help with refer-
ences, alfld_ V. Hogan for cxpert typing of drafts of the paper. I thank especially
E. E. Williams for comment, discussion and unfailing support throughout. The work
was completed under a National Science Foundation predoctoral fellowship and partly
supported by NSF Grant B019801{ 1o F. E. Williams,
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This paper presents a general framework within which to consider
sexual selection. In it I attempt to define and interrclate the key variables.
No attempt is made to review the large, scattered literature relevant to
sexual selection. Instead, arguments arc presented on how one might
expect natural selection to act on the sexes, and some data are presented
to support these arguments.

Variance in Reproductive Success

Darwin defined sexual selection as (1) competition within one sex for
members of the opposite sex and (2) differential choice by members of one
sex for members of the opposite sex, and he pointed out that this usually
meant males competing with each other for females and females choosing
some males rather than others. To study these phenomena one needs ac-
curate data on differential reproductive success analysed by sex. Accurate
data on female reproductive success arc available for many species, but
similar data on males are very difficult to gather, even in those species that
tend toward monogamy. The human species illustrates this point. In any
society it is relatively easy to assign accurately the children to their biolog-
ical mothers, but an element of uncertainty attaches to the assignment of
children to their biological fathers. For example, Henry Harpending (per-
sonal communication) has gathered biochemical data on the Kalahari
BRushmen showing that about two per cent of the children in that society
do not belong to the father to whom they are commonly attributed. Data
on the human species are, of course, much more detailed than similar data
on other species.

To gather precise data on both sexes Bateman (1948) studied a single
specics, Drosophila melanogaster, under laboratory conditions. By using
a chromosomally marked individual in competition with individuals bear-
ing different markers, and by searching for the markers in the offspring, he
was able to measure the reproductive success of each individual, whether
female or male. His method consisted of introducing five aduit males to
five adult female virgins, so that each female had a choice of five males
and cach male competed with four other males.

Data from numerous competition experiments with Drosophila revealed
three important sexual differences: (1) Male reproductive success varied
much more widely than female reproductive success. Only four per cent
of the females failed to produce any surviving offspring, while 21 per cent
of the males so failed. Some males, on the other hand, were phenomenally
successful, producing nearly three times as many offspring as the most suc-
cessful female. (2) Female reproductive success did not appear to be lim-
ited by ability to attract males. The four per cent who failed to copulate
were apparently courted as vigorously as those who did copulate. On the
other hand, male reproductive success was severely limited by ability to
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attraf:t. or arouse females. The 21 per cent who failed to reproduce showed
no disinterest in trying to copulate, only an inability to be accepted. (3) A
[cnlaIe’§ reproductive success did not increase much, if any, after the first
.copu]atlon and not at all after the sccond; most females were uninterested
in cop_ulating more than once or twice. As shown by genetic markers in the
of-fsprmg, males showed an almost lincar increase in reproductive success
with increased copulations. (A corollary of this tinding is that males
tended not to mate with the same female twice.) Although these results
were obtained in the laboratory, they may apply with even greater force
to the wild, where males are not limited to five females and where females
have a wider range of males from which to choose.

Bater'nan argued that his results could be explained by reference to the
energy investment of cach sex in their sex cells. Since male Drosophila in-
vest very little metabolic energy in the production of a given sex cell
.whcreas females invest considerable energy, a male’s reproductive succcsg
is not limited by his ability to produce sex cells but by his ability to fertil-
ize eggs with these cells. A female’s reproductive success is not limited by
hil:':r ab.ilit.y to have her eggs fertilized but by her ability to produce egps.
Since in aimost all animal and plant species the male produces sex cells
that are tiny by comparison to the female’s sex cells, Bateman (1948) ar-
gued th‘at his results should apply very widely, that is, to “all but a few
very primitive organisms, and those in which monogamy combined with
a sex ratio of unity eliminated all intra-sexual selection,”

GUO@ ficld data on reproductive success are difficult 1o find, but what
data E)[l'Sl, in conjunction with the assumption that male reproductive suc-
cess varies as a function of the number of copulations,' support the conten-
tion that in all species, except those mentioned below in which male paren-
tal care may be a limiting resource for females, male reproductive success
varics more than female reproductive success. This is supported, for ex-
ample, by data from dragonflics (Jacobs 1955}, baboons (DeVore 1965)
common frogs (Savage 1961), prairie chickens (Robel 1966), sage grousc,
(Scott 1942), black grouse (Koivisto 1965), clephant seals (LeBoeuf &
Peterson, 1969), dung flies (Parker 1970a) and some anoline lizards (Rand
1967 am_:l Trivers, in preparation, discussed below,) Circumstantial cvi-
dence exists for other lizards (for example, Blair 1960, Harris 1964) and
for many mammals (see Eiscnberg 1965). In monogamous species, male
reproductive success would be expected to vary as female reprod,uctive
success, but there is always the possibility of adultery and differential fe-
male mortality (discussed below) and these factors should increase the

‘ 1: _bc]ecuon shoulvd favpr males pro_ducing such an abundance of sperm thal they
eruhze_ e}ll a female’s available eggs with a single copulation. Futhermore, to decrease
competition among offspring, natural selection may favor females who prefer sinéle
paternity for each batch of eggs (sce Hamilton 1964), The tendency for females to
copulate only once or twice per baich of eggs is supported by data for many species
(see, for example, Bateman 1948, Savage 1961, Burns 1968 hut see also Parker 1970bJ‘.
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variance of male reproductive success without significantly altering that
of the female.

Relative Parental Investment

Bateman’s argument can be stated in a more precise and general form
such that the brecding system (for example, monogamy) as well as the
adult sex ratio become functions of a single variable controlling sexual se-
lection. 1 first define parental investment as any irvestment by the parent
in an individual offspring that increases the offspring's chance of surviving
{and hence reproductive success) at the cost of the parent's ability 1o in-
vest in other offspring. So defined, parental investment includes the meta-
holic investment in the primary sex cells but refers to any investment (such
as feeding or guarding the young) that benefits the young. It does not in-
clude effort expended in finding a member of the opposite sex or in subdu-
ing members of one's own sex in order to mate with a member of the op-
posite sex, since such effort (except in speeial cases) docs not affect the
survival chances of the resulting offspring and is therefore not parental
investment.

Each offspring can be viewed as an investment independent of other off-
spring, increasing investment in one offspring tending to decrease invest-
ment in others. I measure the size of a parental investment by reference to
its negative effect on the parent’s ability to invest in other offspring: a large
parental investment is one that strongly decreases the parent’s ability to
produce other offspring. There is no necessary correlation between the size
of parental investment in an offspring and its benefit for the young. Indeed,
one can show that during a breeding season the bencfit from a given
parental investment must decrease at some point or clse species would not
tend to produce any fixed number of offspring per season. Decrease in re-
productive success resulting from the negative effect of parcntal invest-
ment on nonrparental forms of reproductive effort (such as sexual competi-
tion for mates) is excluded from the mcasurement of parental investment.
In effect, then, I am here considering reproductive success as if the only
relevant variable were parental investment.

For a given reproductive season one can define the total parental invest-
ment of an individual as the sum of its investments in each of its offspring
produced during that season, and one assumes that natural selections has
favored the total parental investment that leads 10 muximum net repro-
ductive success. Dividing the total parental investment by the number of
individuals produced by the parent gives the typical parental investment
by an individual per offspring. Bateman’s argument can now be reformu-
lated as follows. Since the total number of offspring produced by one sex
of a sexually reproducing species must equal the total number produced
by the other (and assuming the sexes differ in no other way than in their
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Figure 7.1. Reproductive success (RS) and decrease in future reproductive
success resulting from parental investment (P1) are graphed as
functions of the number of offspring produced by individuals o}‘
the fwao sexes. At M and 1. the net reproductive success reaches a
maximum for sex 1 and sex 2 respectively. Sex 2 iv limited by sex

I (see text). The shape of the P curves need not be specified
exactly.

lypical parental investment per oflspring)? then the sex whose typical
p‘ar.erlata} investment is greater than that of the opposite sex will become a
limiting resource for that sex. Individuals of the sex investing less will com-
pete among themselves to breed with members of the seX investing more
since an individual of the former can increase its reproductive success bg;
Investing successively in the offspring of several members of the limiting
sex. By assuming a simple relationship between degree of parental invest-
ment and number of offspring produced, the argument can be presented
graphical[y (Figure 7.1). The potential for sexual competition in the sex
mvest'ing less can be measured by calculating the ratio of the number of
offspring that sex optimally produces (as a function of parental invest-

lggs)lna:;rr!,m,él%{, I assume an approximately 50/50 sex ratio at conception (Fisher
by 5 A no differential n?ortahty b)_f seX, beca_use I later derive differential martality

a function o_f reproductive sirategies determined by sexual selection. {Differential
Maturation, which affects the adult sex ratio, can also be treated as a function of Sexu:al
selection.) For most species the disparity in parenta) investment between the sexes is
s0 great that the assumptions here can be greatly relaxed. N
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ment alone, assuming the opposite sex’s investment fixed at its optimal
value) to the number of offspring the limiting sex optimally produces
(L./M in Figure 7.1),

What governs the operation of sexual selection is the relative parental
investrient of the sexes in their offspring. Competition for mates usually
characterizes males because males usually invest almost nothing in their
offspring. Where male parental investment per offspring is comparable to fe-
male mvestment one would expect male and female reproductive success
to vary in stmilar ways and for female choice to be no more discriminating
than male choice (except as noted below). Where male parental in-
vestment strongly exceeds that of the female (regardless of which sex in-
vests more in the sex cells) one would expect females to compete among
themselves for males and for males to be selective about whom they accept
as a mate.

Note that it may not be possible for an individual of one sex to invest in
only part of the offspring of an individual of the opposite sex. When a male
invests less per typical offspring than does a female but more than one-half
what she invests (or vice-versa) then selection may not favor male compe-
tition to pair with more than one female, if the offspring of the second fe-
male cannot be parcelled out to more than one male. 1f the net reproduc-
tive success for a male investing in the offspring of one female is larger
than that gained from investing in the offspring of two females, then the
male will be sclected to invest in the offspring of only one female. This
argument is graphed in Figure 7.2 and may be important to understanding
differential mortality in monogamous birds, as discussed below.

Fisher’s (1958) sex ratio model compares the parental expenditure {un-
defined) in male offspring with that in female offspring and suggests energy
and time as measures of expenditure. Restatements of Fisher's model (for
example, Kolman 1960, Willson & Pianka 1963, T. Emlen 1968, Verner
1965, Leigh 1970) employ cither the undefined term, parental expenditure,
or the term energy investment. In cither case the key concept is imprecise
and the relcvant one is parental investment, as defined above. Encrgy in-
vestmen! may aften be a good approximation of parental investment, but
it is clearly sometimes a poor one. An individual defending its brood from
a predator may expend very little enerpy in the process but suffer a high
chance of mortality; such behavior should be measured as a large invest-
ment, not a small one as suggested by the energy involved.

Parental Investment Patterns

Species can be classified according to the relative parental investment
of the sexes in their young. In the vast majority of species, the male’s only
contribution to the survival of his offspring is his sex cells, In these species,
female contribution clearly exceeds male and by a large ratio.

A male may invest in his offspring in several ways. He may provide his
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Figure 7.2. RS and PI 4)5 f.unclions of the number of offspring produced for two
ziielr i;Yc..r 2 tg‘vc.ws' per r).ipica!'aﬂspring more than half of whar

1V ests. ondition A: maximum net RS for a member of sex

2 assuming he.(-an invest in any number vj offspring betweenl N

f.md 2N, Coerm'on B: net RS assuming mmember of sex 2 invests

in 2N qﬂsprmg. Condition C: net RS assuming membher of wx. 2

invests in N offspring. If member of sex 2 rr:;u-z invest in (J‘H in

tegral muliiple of N offspring, natural selection favors t"ond:'tion C.‘i

?}l;:cc]‘z?h fo;)g as in ba]oon.ﬂies {Kessel 1955) and somce other insects
]96% an'n ’ 70), some spldcr.s.-and some birds (for example, Calder
» Royama 1966, Stokes & Williams, 1971). He may find and defend a

}g{ood place f.or the female to feed, lay eggs or raise young, as in many hird:;
Mzrr:ryl Sl’asu;ld a nest to reccive the cggs, as in seme fish (for examplc;
N .(L'mk_zggge may help the female lay the eggs, as in some parasitic
s (1 .-,S . ). T!ut male may also defend the female. He may brood
e y(g)glgn; as in ts.ome t‘nrds, ﬁs}}, frogs, and .sz-ilamandcr.-s. He may help feed
- wowesg, ._1p1;[0 ect them, provide Dpportunlt!es for learning, and so on, as
i roucnb ma;y monogamous birds. Finally, he may provide an in-
et gA” gf tltznc t to the young (such as protection), as in many pri-
dispa.r.ity i invezs;i ,i(:tm; tof male parental investment tend to decrease the
Tisparity in s o Cdlf;.ween male and female resulting from the initial
Sm;l"ol test tf}e Importance of relative parental investment in controlling
uvai sclection one should search for species showing greater male than

Parental Invesiment and Sexual Selection 143

female parental investment (see Williams 1966, pp. 185-186). The best
candidates include the Phalaropidae and the polyandrous bird species re-
viewed by Lack (1968). In thesc species, a female’s parental investment
ends when she lays her eggs; the male alone broods the cggs and cares for
the young after hatching. No one has attempted to assess relative parental
investment in these species, but they are striking in showing very high
male parental investmeat correlating with strong sex role reversal: females
tend to be more brightly colored, more aggressive and larger than the
males, and tend to court them and fight over them. In the phalaropes there
is no evidence that the females lay multiple broods (Hohn 1967, Johns
1969}, but in some polyandrous specics [emales apparently go from male
to male laying successive broods (for example, Beebe 1925; see also Orians
1969). Ip these species the female may be limited by her ability to induce
males to care for her broods, and female reproductive success may vary
more than male. Likewisc, high male parental investment in pipefish and
seahorses (syngnathidae) correlates with female courtship and bright
coloration (Fiedler 1954), and female reproductive success may be limited
by male parental investment. Field data for other groups arc so scanty that
it is not possible to say whether there are any instances of sex role reversal
among them, but available data for some dendrobatid frogs suggest at least
the possibility. In these specics, the male carries one or more young on his
hack for an unknown length of time (for example, Eaton 1941). Femules
tend to be more brightly colored than males (rare in frogs) and in at Jeast
one species, Dendrobates auraia, several femules have been seen pursuing,
and possibly courting, single males (Dunn 1941). In this species the male
carries only one young on his back, until the tadpole is quite large, but fe-
males have been found with as many as six large eggs inside, und it is pos-
sible that females compete with cach other for the backs of males. There
are other frog families that show male parental care, but even less is known
of their social behavior.

In most monogamous birds male and female parental investment is
probably comparable. For some species there is evidence that the male in-
vests somewhat less than the female. Kluijver (1933, cited in Coulson 1960)
has shown that the male starling {Sturnus vulgaris) incubates the eggs less
and feeds the voung less often than the female, and similar data are avail-
able for other passerines (Verner & Willson, 19693, Fhe fact that in many
species males are facultative polygynists (von Haartman 1969) supgests
that even when monogamous the males invest less in the young than their
females. Because sex role reversal, correlating with evidence of greater
male than female parental investment, is so rare in birds and because of
certain theoretical considerations discussed below, 1 tentatively classify
most monogamous bird species as showing somewhat greater female than
male investment in the young,

A more precise classification of animals, and particularly of similar
species, would be useful for the formulation and testing of more subtle
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h)./polhcses. Groups of birds would be ideal to classify in this way, because
slight t_jiﬁercnces in relative parental investment may produce larée differ-
ences in social behavior, sexual dimorphism and mortality rates by sex. It
would be interesting to compare human societics that differ in relafive
parental investment and in the details of the form of the parental invest-
ment, but the specification of parental investment is complicated by t-hc
fact that humans often invest in kin other than their children, A WC-althy
man .supporting brothers and sisters (and their children) can be viewed
functionally as a polygynist il the contributions to his fitness made by kin
are cvlevalued appropriately by their degree of relationship to himv(sce
Hamilton 1964). There is good evidence that premarital sexual permissive-
ness aﬁcct'ing females in human societies relates to the form of parcnla-l m-
vestnmient in a way that would, under normal conditions, tend to maximize
female reproductive success (Goethals 1971). ,

The Evolution of Investment Patterns

The parental investment pattern that today governs the operation of
3cxual. s?lcctiun apparently resulted from an evolutionarily very early dif-
ferentiation into relatively immabile sex cells (eggs) feriilized by niobile
ones (spermatozoa). An undifferentiated system of sex cells seems highly
u.n.stab.lt:: competition fo fertilize other sex cells should rapidly fa;ior %no)-
blllt){ in some sex cells, which in turn sets up selection pressures for im-
mobility in the others. Tn any case, once the differentiation l();)k lace
:Scxuul selection acting on spermatozoa favored mobility at the cxpcrllj-;; 0%
imvestment (in the form of cytoplasm). This meant that as long ds the
spermatozoa of different males competed directly to fertilize eggs (:as n
oysters) natural selection favoring increased parental investment ckou]d act
lonly on_the female. Once females were able to control which male fertil-
1zed their eggs, female choice or mortulity selection on the young could act
to favor some new form of male investment i addition to spermatozoa
But thFrc exist strong selection pressures against this. Since the fcma]e‘atl-'
ready invests more than the male, breeding failure for lack of an additional
investment .selccts more strongly against her than against the male. 1n lh;[
sense, her initial very great investment commits her to additionall invest-
ment more than the male’s initial slight investment commits him. Further-
mare, malc-male competition will’ tend to operate against malt; parental
mvestment, in that any male investment in one female's young should de-
crease the male’s chances of inseminating other females. Sexual selection
then, is both controlled by the parental investment pattern and a forcc th'{;
tends to mold that pattern. (

- The conditions under which selection favors male parental investment
have not been specified for any group of animais, Except for the c:“;me of
polygyny in birds, the role of female choice has not been explored; in:;tead
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it is commonly assumed that, whenever 1Wo individuals can raise more in-
dividuals together than one alone could, natural selection wilt favor male
parental investment (1.ack 1968, p. 149), an assumption that overlooks the
effects of both male-male competition and female choice.

INITIAL PARENTAL INVESTMENT

An important consequence of the early evolutionary differentation of the
sex cells and subscquent sperm competition is that male sex cells remain
tiny compared to female sex cells, even when selection has favored a total
male parental investment that equals or exceeds the female investment.
The male’s initial parental investment, that is, his investment at the mo-
ment of fertilization, is much smaller than the female’s, even if later,
through parental care, he invests as much or more. Parcatal investment in
the young can be viewed as a sequence of discrete investments by each sex.
The relative investment may change as a function of time and each sex
may be more or less free to terminate its investment at any time. In the hu-
man species, for example, 2a copulation costing the male virtually nothing
may trigger a nine-month investment by the female that is not trivial, fol-
lowed, if she wishes, by a fiftecn-year investment in the offspring that is
considerable. Although the male may often contribute parental care during
this period, he need not necessarily do so. After a nine-month pregnancy,
4 female is mare or less free to terminate her investment at any moment
but doing so wastes her investment up until then. Given the initial im-
balance in investment the male may maximize his chances of leaving sur-
viving offspring by copulating and abandoning many females, somc of
whom, alone or with the aid of others, will raise his offspring. In species
where there has been strong selection for male parental care, it iy more
likely that a mixed strategy will be the optimal male course—to help a
single female raise young, while not passing up opportunities to mate with
other females whom he will not aid.

In many birds, males defend a territory which the female also uses for
feeding prior to egg laying, but the cost of this investment by the male is
difficult to evaluate. In some species, as outlined above, the male may pro-
vision the femate before she has produced the young, but this provisioning
is usually small compared to the cost of the eggs. In any case, the cost of the
copulation itself is always trivial to the male, and in theory the male need
not invest anything else in order to copulate. If there is any chance the fe-
male can raise the young, either alone or with the help of others, it would
he to the male’s advantage to copulate with her. By this reasoning one
would expect males of monogamous specigs to rctain some psychological
traits consistent with promiscuous habits. A male would be selected 1o dif-
ferentiate between a female he will only impregnate and a female with
whom he will also raise young. Toward the former he should be more
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eager for sex and less discriminating in choice of sex partner than the fe-
male toward him, but toward the latter he should be about as discriminat-
ing as she toward him.

If males f.vi!hin a relatively monogamous specics are. in fact, adapted to
pursuc a mixed strategy, the optimal is likely 1o differ for different males.
I knovxf of no attempt to document this possibility in humans, but psychol-
ogy might well benefit from attempting to view human sexual plasticity
as an adaptation to permit the individual to choose the mixed strategy best
suited to local conditions and his own attributes, Elder (1969) shows that
steady dating and sexual activity (coitus and petting) in adolescent human
females correlate inversely with a tendency to marry up the sociocconomic
scale as adults. Since females physically attractive as adolescents tend to

marry up, it is possible that females adjust their reproductive strategics in
adolescence to their own assets.

Desertion and C uckoldry

There are a number of interesting consequences of the fact that the male
and female of a monogamous couple invest parental care in their oftspring
at diﬂer.cnt.rates. These can be studied by graphing and comparing the
cumylat_lv-e Investment of each parent in their offspring, and this is done for
two individuals of a hypothetical bird species in Figure 7.3. 1 have graphed
no parental investment by the female in her young before copulation, even
though she may be producing the eggs before then, because it is nnt, until
the act of copulation that she commits the €ges to a given male’s genes. In
effect, then, I have graphed the parental investment of each individual in
?he F)thcr individual’s offspring. After copulation, this is the same as graph-
Ing vestment in their own offspring, assuming, as 1 do here, that the male
and female copulate with cach other and each other only.

To di_s.cuss the problems that confront paired individuals ostensibly
coo_pferatmg _in a joint parental effort, I choose the language of strategy and
fleusnon, as if each individual contemplated in strategic terms the decisions
It ought to make at cach instant in order to maximize its reproductive suc-
cess. This language is chosen purely for convenience to explore the adapta-
tions one might expect natural selection to favor.

At any point in time the individual whose cumulative investment is ex-
ce.:eded by his partner’s is theoretically tempted to desert, especially if the
disparity is large. This temptation occurs because the deserter loses less
than his partner if no offspring are raised and the partner would therefo;c
be more strongly selected to stay with the young. Any success of the part-
ner will, of course, benefit the deserter. In Figure 7"% for example, deser-
tror? by the male right after copulation will cost him very litle, if !nu off-
spring are raised, while the chances of the female raising some young alone
may be great enough to make the desertion worthwhile. Other factors are
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male
female

CUMULATIVE PARENTAL INVESTMENT
BY SEX

| - -

——

T 1
TERAITORY COPULATION INCUBATION FEEDING of YOUNG “vouns
DEFENSE AND INDEPENDENT
£6G-LAYING
TIME

Figure 7.3. Hypothetical cumulative parental investiment of a male and a fe-
male bird in their offspring as a function of tine. Territory Jefense:
Male defends area for feeding and nest building. Copulation and
egg-laying: Female commits her eggs to male wha commits his de-
fended nest to the female. Incubation: Male incubates eggs while
female does nothing relevant to offspring. Feeding of young: Each
parent feeds young but female does so at a more rapid rate.

important in determining the adaptiveness of abandonment, factors such
as the opportunities outside the pair for breeding and the expected shape
of the deserter’s investment curve if he does not desert. If the male’s invest-
ment curve does not rise much after copulation, then the female’s chances
of raising the young alone will be greater and the time wasted by the male
investing moderately in his ofispring may be better spent starting a new
hrood,

What are the possible responses of the deserted individual? 1f the male
is deserted before copulation, he has no choice but to attempt to start the
process over again with a new female; whatever he has invested in that fe-
male is lost. If either partner is descrted after copulation, it has three
choices. (1) Tt con desert the cggs (or eat them) and attempt to breed
again with another mate, losing thercby all (or part of) the inittal invest-
ment. (2) It can attempt to raise the young on its own, at the risk of over-
exertion and failure. Or, (3) it can attempt to induce another partner to
help it raise the young. The third alternative, if successful, is the most
adaptive for it, but this requires deceiving another organism into doing
something contrary to its own interests, and adaptations should evoive to
gwird individuals from such tasks. It is difficult to sce how a male could be
successful in decciving a new female, but if a female acts quickly, she
might fool a male. As time goes on (for example, once the eggs are laid),
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it is unlikely that a male could casily be fooled. The female could thus be
programmed to try the third strategy first, and if it failed, to revert 1o the
ﬂr-st or second. The male deserter gains most if the female succeeds in the
Fhll’d strategy, nothing i she chooses the first strategy, and possibly an
tntermediate vafue if she chaases the second strategy.

If neither partner deserts at the beginning, then as time goes on, cach in-
vests more and more in the young. This trend has several conscquénces On
the one hand, the partner of a deserter is mare capable of finishing the 'taxk
alone and natural selection should favor its being more predisposed to tliy
becagse it has more to lose. On the other hand, the deserter has more to‘
lose if the partner fails and less to gain if the partner succeeds. The bal-
ance betw‘:gn these opposing factors should depend on the exact form of
the clemulatxve investment curves as well as the opportunitics for further
breeding outside the pair.

There_ is another effect with time of the increasing investment by both
parents in the offspring. As the investments increase, natural selection may
favor either partner deserting even if one has invested more in the young
Fhan the other. This is because the desertion may put the deserted partner
in a cruel bind: he has invested so much that he loses considerably if he
al.so descrts the young, even though, which should make no difference to
?11m, the partner would lose even more. The possibility of such binds can be
l]ll:lSlI'atCFI by an analogous situation described by Rowley (1965). Two
neighboring pairs of wrens happened to fledge their young simultancously
an.d F:ould not tell their young apart, so both pairs fed all six young indis-
cn_mmately, until one pair “deserted” to raise another brood, feaving their
neighbors (o feed all six young, which they did, even thou;_zh this meant
they were, in effect, being taken advantage of. |
' Birds shouid show adaptations to avoid being deserted. Females, in par-
ncu]_ar, should be able to guard against males who will only copu’latc and
not invest subsequent parcntal effort. An instance of such an adaptation
may be found in the red-necked phalarope, Phalaropus lobatus. In phala-
ropes‘lhe male incubates the eggs alone and alone cares for the young after
l.m{chmg (H&hn 1967, Johns 1969), so that a graph of cumulative parcntal
me:srmcnt would show an intitial large female investment which then re-
mains the same through time, whereas the initial male investment is nil
and increases steadily, probably to surpass the female investment, Only the
female is vulnerable to being deserted and this right after copulation, since
any later desertion by the male costs him his investment in incubatic;n the

young being alinost certain to perish. Tinbergen (19353 observed a fc;na]e
vigorously courting a male and then flying away as soon as he responded
to the courtship by attempting to copulate, This coy performance was re-
?eath numerous times for scveral days. Tinbergen attributed it to the
waxing and waning of an instinct,” but the behavior may have been a test
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of the male’s willingness to brood the female’s eggs. The male under obser-
vation was, in fact, already brooding cpgs and was courted when he left
the eggs to feed on a nearby pond. In order to view a complete egg-laying
sequence, Tinbergen destroyed the clutch the male was brooding. Within
a hall day the female permitied the male sexual access, and he subse-
quently brooded her eggs. The important point is that the female could
apparently tell the difference between a free and an encumbered male, and
she withheld sex from the latter. Courtship alternating with flight may be
the test that reveals the male’s true attachments: the test can show, for ex-
ample, whether he is free to follow the female.

It is likely that many adaptations exist in monogamous species 1o guard
against desertion, but despite cvidence that desertion can be common
(Rowley 1965) no one has attempted to analyze courtship with this danger
in mind. Von Haartman (1969) has reviewed some evidence for adapta-
tions of females to avoid being mated to a polygynous male, and’ being so
mated is sometimes exactly equivalent to being deserted by the male (von
Haartman, 1951).

External fertilization requires a synchrony of behavior such that the
male can usually be certain he is not attempting to fertilize, previously
fertilized eggs. With the evolution of internal fertilization the male cannot
be so certain. For many species (for example, most mammals), the distinc-
tion is not important because the male loses so little by attempting to fertil-
ize previously fertilized eggs. Where male parental care is invplved, how-
ever, the male runs the risk of being cuckolded, of raising another male’s
offspring. For Figure 7.1 it was assumed that the pair copulated with cach
other and each other only, but the male can usually not be sure that such
is the case and what is graphed in such a situation is the male’s investment
in the fermale’s ofispring. Adaptations should evolve to help guarantee that
the female's offspring are also his own, but these can partly be countered
by the evolution of more sophisticated cuckolds.

One way a male can protect himself is to ensure that other males keep
their distance. That some territorial aggression of monugamous male birds
is devoted to protecting the sanctity of the pair bond scems certain, and hu-
man male aggression toward real or suspected adulterers is often extreme,
Lee (1969), for example, has shown that, when the cause is known, the
major cause of fatal Bushman fights is adultery or suspected adultery. In fact,
limited data on other hunter-gathering groups (including Eskimos and
Australian aborigines) indicate that, while fighting is relatively rare (in
that organized intergroup aggression is infrequent), the “murder rate” may
be relatively high. On examination, the murderer and his victim are usually
4 husband and his wife’s real or suspected lover. In pigeons (Columba
livia) a new male arriving alonc at a nocturnal roosting place in the fall is
attacked day after day by one or more resident males. As soon as the same
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mal.e appears with a mate, the two are treated much more casuall
(Trivers, unpublished data), suggesting that an unpaired male i .
threatening than a paired one. B
_ I have argued above that a female deserted immediately after copula-
thl:l may be adapted to try to induce another male to help raise her (i)un
Th1§ factor implies adaptations on the part of the male to avoid such ):rl f’l[f-
A simple methed is to avoid mating with a female on first cncount;:r ‘sc:
quester her instead and mate with her only after a passage of time that,re'l-
sonably excludes her prior impregnation by another male. Certainl mall:s
guard their females from other males, and there is a striking diﬁcre)r(lcc be-
tween the lack of preliminaries in promiscuous birds {Scott 1942, Kruijt &
H(?gan. 1967} and the sometimes long lag between pair bonding a,nd coJ u-
lation in monogamous birds (Nevo 1956), a lag which usually ieemspto
serve other functions as well. -
Blologists have interpreted courtship in a limited way. Courtship is see
as allowing the individual to choose the correct species and sex pto ove:
come antagonistic urges and to arouse onc’s partner (Bastock‘ 19;67) The
above analysis suggests that courtship should also be interpreted in -tc:rmq

of the need to guard onesclf f i
rom the several possibilitie :
(e hade o Suard on p es of maltreatment at

Differential Mortality and the Sex Ratio

Of special interest in understanding the effects of sexual selection are ac-
.cur‘at_e data on differential mortality of the sexes, especially of im;natur
1nc;1v1duals. S'l‘JCh data are, however, among the most difficult to galhere
Er:nl thf;g;;ubhshed data, although important, arc scanty (for examp]c,
]95;11 (?, Hays 1947, Chapman, Casida, & Cote 1938, Robinette ct al?

37, Coulson 1960, Potts 1969, Darley 1971, Myers & Krebs 1971). As a
substitute one can make use of data on sex ratios within givén age c;I'{s;:e
or fc?r all age classes taken together. By assuming that the sex ratigo at ‘C(_l)l':
::jepflo.n (or, less Precis:ely, at birth) is almost exactly 50,50, significant
; ev1attops from this ratio for any age class or for all taken together should
mll]ply differential .mortality. Where data exist for the sex ratio at birth and
]:tieoreattlzf :}c:,x ratio for the entire local population is unbalanced, the sex
o irth is usually about ;0/50 (see above references, Selander 1965,
ac' 954). Furthermore, Fisher (1958) has shown, and others refined
(.Lelgh 1970), that parents should invest roughly equal energy in each sex
Since parents usually invest roughly equal energy in each individual of
each sex, natural selection, in the absence of unusual circumstances (sec

Hamilton 1967 .
ception. ), should favor approximately a 50/50 sex ratio at con-
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It is difficult to determine accurately the sex ratio for any species. The
most serious source of bias is that mules and females often make them-
selves differentially available to the observer. For example, in small mam-
mals scxual selection seems to have favored male attributes, such as high
mobility, that tend to result in their differential capture (Beer, Frenzel, &
Macleod 1958; Myers & Krebs, 1971). If onc views one’s capture tech-
niques as randomly sampling the existing population, one will conclude
that males are more numerous. If one views one's capture techniques as
randomly sampling the effects of mortality on the population, then one
will conclude that males are more prone to mortality (they are captured
more often) and therefore are less numerous. Neither assumption is likely
to be true, but authors routinely choose the former. Furthermore, it is often
not appreciated what a large sample is required in order to show signifi-
cant deviations from a 50/50 ratio. A sample of 400 animals showing a
44/56 sex ratio, for example, does not deviate significantty from a 50/50
ratio. (Nor, although this is almost never pointed out, does it differ signifi-
cantly from a 38/62 ratio.)

Mayr (1939) has pointed out that there are numerous deviations from
a 50/50 sex ratio in birds and I believe it is likely that, if data were
sufficiently precise, most species of vertebrates would show a significant
deviation from a 50/50 sex ratio. Males and females differ in numerous
characteristics relevant to their different reproductive strategies and these
characters are unlikely to have equivalent effects on survival. Since it is
not advantageous for the adults of each sex to have available the same
number of adults of the opposite sex, there will be no automatic selective
agent for keeping deviations from a 50/50 ratio small.

A review of the useful literature on sex ratios suggests that (except for
birds) when the sex ratio is unbalanced it is usually unbalanced by there
being more females than males. Put another way, males apparently have
a tendency to sufler higher mortality rates than females. This is true for
those dragonflies for which there are data (Corbet, Longfield, & Moore
1960, for the house fly {Rockstein 1959), for most fish (Beverton & Holt

1959), for several lizards (Tinkle 1967, Harris 1964, Hirth 1963, Blair
1960, Trivers, discussed below) and for many mammals (Bouliere & Ver-
schuren 1960, Cowan 1950, Eisenberg 1965, Robinctte et al. 1957, Beer,
Frenzel, & Macl.eod 19358, Stephens 1952, Tyndale-Biscoe & Smith, 1969,
Myers & Krebs, 1971, Wood 1970). Hamilton (1948) and Lack (1954)
have reviewed studies on other animals suggesting a similar trend. Mayr
(1939) points out that where the sex ratio can be shown to be unbalanced
in monogamous birds there are usually fewer females, but in polygynous or
promiscuous birds there are fewer males, Data since his paper confirm this
finding. This result is particularly interesting since in all other groups in
which males tend to be less numerous monogamy is rare or nonexistent.
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THE CHROMOSOMAL HYPOTHESIS

There is a tendency among biologists studying social behavior to regard
the adult sex ratio as an independent variable to which the species reacts
with appropriate adaptations. Lack (1968) often interprets social behavior
as an adaptation in part to an unbalanced {or balanced) sex ratio, and
Verner ( 1964) has summarized other instances of this tendency. The only
mechanism that will generate differential mortality independent of scxual
differences clearly related to parental investment and sexual selection is
the chromosomal mechanism, applied especially to humans and other
mammals: the unguarded X chromosome of the male is presumed to pre-
dispose him to higher mortality. This mechanism is inadequate as an ex-
planation of differential mortality for three rcasons.

1. The distribution of differential mortality by sex is not predicted by a
knowledge of the distribution of sex determining mechanisms. Both sexes
of fish are usually homogametic, yet males suffer higher mortality. Female
birds are heterogametic but suffer higher mortality only in monogamous
species. Homogametic male meal moths are outsurvived by their hetero-
gametic female counterparts under laboratory conditions (Hamilton &
Johansson 1965).

2. Theorelical predictions of the dcgree of differential mortality ex-
pected by males due to their unguarded X chromosome are far lower than
those observed in such mammals as dogs, cattle and humans (Ludwig &
Boost 1951). It is possible to imagine natural seiection favoring the hetero-
gametic sex determining mechanism if the associated differential mortality
is slight and balanced by some advantage in differentiation or in the homo-

- gametic sex, but a large mortality associated with heterogamy should
be counteracted by a tendency toward both sexes becoming homogumetic.

3. Careful data for humans demonstrate that castrate males (who
remain of course heterogametic) strongly outsurvive a control group of
males similar in all other respects and the earlier in life the castration, the
greater the increase in survival. (Hamilton & Mestler 1969). The same is
true of domestic cats (Hamilton, Hamilton & Mestler 1969}, but not of a
species (meal moths} for which there is no evidence that the gonads are
implicated in sexual differentiation (Hamilion & Yobansson 1965).

An Adaptive Model of Differential Mortality

To interpret the meaning of balanced or unbalanced sex ratios one needs
a comprehensive framework within which to view life historical phenom-
ena. Gadgil & Bossert (1970) have presented a model for the adaptive
interpretation of differcnces between species’ life histories; for example, in
the age of first breeding and in the growth and survival curves. Although
they did not apply this model to sexual differences in these parameters,
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SPECIES WITH LITTLE OR NO MALE
PARENTAL INVESTMENT

In Figure 7.4, 1 have graphed RS and D as functions of reprod.ucti.ve cfft.ar}:
in tth first i)r‘eeding scason for females of a hypothetical species 1n whic
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males invest very little parental care. The RS function is given a sigmoidal
shape for the following reasons. I assume that at low values of RE, RS in-
creases only very gradually because some investment s necessary Just to
initiate reproduction (for example, enlarging the reproductive organs). RS
then increases more rapidly as a function of RE but without achieving a
very steep slope. RS linally levels off at high values of RE because of in-
creased inefficiencies there (for example, inefficiencies in foraging; see
Schoener 1971). 1 have graphed the value, f, at which net reproductive suc-
cess for the female reaches a maximum. Technically, due to competition,
the shape of the RS function for any given female will depend partly on
the reproductive effort devoted by other females; the graph therefore as-
sumes that other females tend to invest near the optimal value, f, but an
impartant feature of a female’s RS is that it is nor strongly dependent on
the RE devoted by other females: the curve would not greatly differ if ail
other females invested much more or less. I have graphed D as a linear
function of RE. So doing amounts to a definition of reproductive effort,
that is, a given increment in reproductive effort during the first breeding
scason can be detected as a proportionately increased chance of dying be-

female

NET
REPRODUCTIVE
SUCCESS

RS and D

f
REPRODUCTIVE EFFORT

Figure 7.4. Female reproductive success during the first breeding season (RS}
and diminution of future reproductive success (D)} as functions
of reproductive effort during first hreeding. D iy measured in units
of first breeding (see text). At f the net repraductive success reaclies

a maximum. Species is ane in which there is very little male parental
investment,
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NET
REPRODUCTIVE
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Figure 7.5. Same as Figure 7.4 except that it is drawn for the male insread of the
y - female. At m the net reproductive success reaches a maximum.

tween the first and second breeding seasons. Note tl}at reproductive effort
for the female is essentially synonymous with parental investment. o
Male RS differs from female RS in iwo impo_rlant ways, both of hw 1}12(:E
stem from sexual selection. (1) A male’s RS is }_11ghly d.epe_n?ient on 11 e .
of other males. When other males invest heavily, an individual mz;c w:l_
usually not outcompete them unless he invests as much or more.. coult
siderable investment that is slightly below that (?f other ma_lr:.s mdg retshu
in zero RS. (2) A male’s RS is potentially very high, much lughf:eg t a2h ;c
of a conspecific female, but only if he outcompct.es other males. ‘ eO_
chould exist some factor or set of factors (such as size, aggress:ven.e-ss, n[-l,e_
bility) that carrelates with high male R% The effect of cc?mpct]:t'lf)n’] .
tween males for females is selection for increased m_ale RE, and this se lehc
tion will continue until greater male than fem'ale RE is sel_ectcd as ll?}?g a's e
higher associated D is offset by the potentially very high Rg. t tl;;]e.l;% -
ment is graphed in Figure 7.5, where the steep slope of RS reflec sl ; gle
interaction between one male’s RS and th.e RE of the other males. oe_
that the argument here depends on the existence of a set of fac_t(zrs C(t):rml
lated with high male reproductive success. If thr?se factors exn;, ?a e
selection will predispose the male to higher mnrtallty rates than t 3 erln‘ d:
Where a mule can achieve very high RS in a br.eedmg season (‘zlxls lbn an)r_
breeding seals, Bartholemew 1970), differential mortality wi e Ct

respondingly high.
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SPECIES WITH APPRECIABLE MALE
PARENTAL INVESTMENT

The analysis here applies to specics in which males invest less parental
care than, but probably more than onc-half, what females invest. I assume
that most monogamous birds are so characterized, and 1 have listed rea-
50ns an(_i some data above supporting this assumption. The reasons can be
summarized by saying that because of their initial large investment, fe-
niales appear to be caught in a situation in which they are unable to t:orce
greater parental investment out of the males and would be strongly se-
lected against if they unilaterally reduced their own parental investment.

Functllons relating RS to parental investment are graphed for males and
females in Figures 7.6 and 7.7, assuming for each sex that the opposite sex
show"s the parental investment that results for it in a maximum net repro-
ductive success. The female curve is given a sigmoidal shape for the rea-
sons that apply to Figure 7.4; in birds the female’s initial investment in
the eggs will go for nothing if more is not invested in brooding the eggs
and feeding the young, while beyond a certain high RE further ;Dncrcmcnt;:;
dc_: not greatly affect RS. Assuming the female invests the value, f, male RS
will vary as a function of male parcntal investment in a way sim,ilar to fe-
male RS, except the function will be displaced to the left (Figure 7.7) and
some RS will be lost due to the effects of the cuckoldry graphed in
Figure 7.8,

Because males invest in parental care more than one-half what fermales

NET

female REPRODUCTIVE
SUCCESS

A ) RS

° o D

o //

w)

CK "

RE

Figure 7.6. Female reproductive success and diminution in future reproductive
success as funetions of reproductive effort (RE) assuming male
rffpro_du('tive effort of my. Species is a hypothetical monogamous
bird in which males invest somewhat less than females in parental
care (see Figure 7.7 and 7.8).
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Figure 7.7. Male reproductive success and diminution in future reproductive
success as functions of reproductive effort, assuming female repro-
ductive eflort of f. Species is same as in Figure 7.6. Reproductive
effort of male is invested as parental care in one female's offspring.
Net reproductive success is a maximum at my.

invest and because the offspring of a given female tend to be inseminated
by a single male, selection does not favor males competing with each other
to invest in the offspring of more than one female. Rather, sexual selection
only operates on the male to inseminate females whose offspring he will
not raise, especially if another male will raise them instead. Since selection
presumably does not strongly favor female adultery and may oppose it (if,
for example, detection leads to desertion by the mate), the opportunities
for cuckoldry are limited: high investment in promiscuous activity will
bring only limited RS. This argument is graphed in Figure 7.8. The pre-
dicted differential mortality by sex can be had by comparing D (f) with
D (m; + my).

It may secm ironic, but in moving from a promiscuous to a menogamous
life, that is, in moving toward greater parental investment in his young, the
male tends to increase his chances of surviving relative to the female. This
tendency occurs because the increased parental investment disproportion-
ately decreases the male’s RE invested in malc-male competition to insemi-
nate females.

Note that in both cases above differential mortality tends to be self-limit-
ing. By altering the ratio of possible sexual partners to sexual competitors
differential mortality scts up forces that tend to keep the differential mor-
tality low. In species showing little male parental investment dificrential
male mortality increases the average number of females available for those
males who survive. Other things being equal, this increase tends to make
it more difficult for the most successful males to maintain their relative ad-
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Figure 7.8. Male reproducrive success and diminution of future reproductive
success as a function of reproductive effort solely devoted to pro-
mriscuous behavior. Net reproductive success at m., is g maxinm,
Same species ay in Figures 7.6 and 7.7. )

van.ta.lge. In monogamous birds differential female mortality induces com-
petiton among males to secure at least one mate, thereby tending to in-
crease male mortality. Such competition presumably also increases the
vartance in male reproductive success above the sexual differential ex-
pected from cuckoldry.

SPECIES WITH GREATER MALE THAN FEMALE
PARENTAL INVESTMENT

Sincc the above arguments were made with reference to relative parental
investment and not sex, they apply to species in which males invest more
parental effort than females, except that there is never apt to be a female
advantage to cuckolding other females, and this advantage is always alive
with males. Where females invest more than one-half what males invest,
one would predict differential female mortality. Where females invest fess
than one-half what males invest, one would predict competition, and a re-
sulting differential female mortality,

Male-Male Competition

Competition between males does not necessarily end with the rclease of
sperm. Even in species with internal fertilization, competition between
sperm of different males can be an important component of male-male
competition (see the excellent review by Parker 1970b). In rare cases, com-
petition between males may continue after eggs are fertilized. For ex-

a
re————
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ample an adult male langur (Presbytis entelius) who ousts the adult male
of a group may systematically kill the infants of that group ( presumably
fathered by the ousted male) thereby bringing most of the adult females
quickly into estrus again (Sugiyama 1967). While clearly disadvantageous
for the killed infants and their mothers, such behavior, benefiting the new
male, may be an extreme product of sexual selection. Female mice spon-
tancously abort during the first four days of pregnancy when exposed to
the smell of a strange male (Bruce 1960, reviewed in Sadleir 1967}, a situa-
tion subject to several interpretations including one based on male-male
competition.

Sperm competition may have important effects on competition between
males prior to release of sperm. In those insects in which later-arriving
sperm take precedence in fertilizing eggs, selection favors mating with a
female just prior to release of eggs, thereby increasing competition at ovu-
lation sites and intensifying selection for a postovulatory guarding phasec
by the male (see Parker 1970bcd, Jacobs 1955). I here concentrate on male-
male competition prior to the release of sperm in species showing very
little male parental investment,

The form of male-male competition should be strongly influenced by the
distribution in space and time of the ultimate resource affecting male re-
productive success, namely, conspecific breeding females, The distribution
can be described in terms of three paramecters: the extent to which females
are clumped or dispersed in space, the cxtent to which they are clumped
or dispersed in time, and the extent to which their exact position in space
and time is predictable. I here treat females as if they are a passive re-
source for which males compete, but female choice may strongly influence
the form of male-male competition, as, for example, when it favors males
clumping together on display grounds (for example, S. Emlen 1968) which
females then search out (see below under “Female Choice”).

DISTRIBUTION IN S5PACE

Cervids differ in the extent to which females are clumped in space or ran-
domly dispersed (deVos, Broky & Geist 1967} as do antelopes (Eisenberg
1965}, and these differences correlate in a predictable way with differences
in male attributes. Generally male-male aggression will be the more scvere
the greater the number of females two males are fighting over at any given
moment. Searching behavior should be more important in highly dispersed
species especially if the dispersal is combined with unpredictability.

DISTRIBUTION IN TIME

Clumped in time refers to highly scasonal breeders in which many females
become sexually available for a short period at the same moment (for ex-
ample, explosive breeding frogs; Bragg 1965, Rivero & Estevez 1969),
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while highly dispersed breeders (in time) are species (such as chimpan-
zees; Van Lawick-Goodall 1968) in which females breed miore or less
randomly throughout the year. One effect of extreme clumping is that it be-
comes more difficult for any one male to be extremely successful: while he
1s copulating with one female, hundreds of other females are simulta-
neouslvy being inseminated. Dispersal in time, at least when combined with
clumping in space, as in many primates, permits each male to compete for
each newly available female and the sume small number of males tend re-
peatedly to inseminate the receptive females (DeVore 1905).

PREDICTABILITY

One reason males in some dragonflies (Jacobs 1955) may compete with
cach other for female oviposition sites is that those are highly predictable
placgs at which to find receptive females. Indeed, males display several be-
haviors, such as testing the water with the tips of their abdomen, that ap-
p.arently aid them in predicting especially good oviposition sites, ’and such
sxhtcs can permit very high male reproductive success (Jacobs 1955). In the
cicada killer wasp (Sphecius spheciosus) males establish mating territories
afound colony emergency holes, presumably because this is the most pre-
dictable place at which to find receptive females (Lin 1963),

The three parameters outlined interact strongly, of course, as when very
strong.clu!nping in time may strongly reduce the predicted effects of strong
clun'lpmg in space. A much more detailed classification of species with non-
obvious predictions would be welcome. Tn the absence of such models 1
present a partial list of factors that should affect male reproductive success
and that may correlate with high male mortality.

SIZE

There are very few data showing the relationship between male size and
reproductive suceess bul abundant data showing the relationship between
male dominance and reproductive success: for cxample, in elephant scals
(LeBoeuf & Peterson 1969), black grouse (Koivisto 1965, Scott 1942)
_babnon§ {DeVore 1965) and rainbow lizards (Harris 1964 ). Since dom-‘
Inance is largely established through aggression and larger size is usually
helpful in aggressive encounters, it is likely that these data partly reveal
the relationship befween size and reproductive success. (It is also likely
that they reflect the relationship between experience and reproductive
SUCCEeSs. )

Circumstantial evidence for the importance of size in aggressive en-
coumer_s can be found in the distribution of sexual size dimorphism and
aggressive tendencies among tetrapods. In birds and mammals males are
generally larger than females and much more aggressive. Where females
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are known to be more aggressive (that is, birds showing reversal in sex
roles) they are also larger. In frogs and salamanders females are usually
larger than males, and aggressive behavior has only very rarely been re-
corded. In snakes, females are usually larger than males (Kopstein 1941}
and aggression is almost unreported. Aggression has frequently been ob-
served between sexually active crocodiles and males tend o be larger
(Allen Greer, personal communication). In lizards males are often larger
than females, and aggression is COmMMON in some familics (Carpentcr
1967). Male aggressivencss is also common, however, in some species in
which females are larger, for example, Sceloporus, (Blair 196Q). There is
a trivial reason for the lack of evidence of aggressiveness in most amphib-
ians and reptiles: the species are difficult to observe and few behavioral
data of any sort have been recorded. It i possible, however, that this cor-
relation between human ignorance and species in which females are larger
is not accidental. Humans tend to be more knowledgeable about those
specics that are also active diurnally and strongly dependent on vision, for
example, birds and large mammals. It may be that male aggressiveness is
more strongly selected in visually ariented animals because vision provides
long-range information on the behavior of competitors, The male can, for
example, easily observe another male beginning to copulate and can often
quickly attempt to intervenc (for example, baboons, DeVore 1965 and sage
grouse, Scott 1942).

Mammals and birds also tend towards low, fixed clutch sizes and this
may favor relatively smaller females, since larpe female size may be rela-
tively unimportant in reproductive success. In many fish, lizards and sala-
manders female reproductive success as measured by clutch size is known
to correlate strongly within species with size (Tinkle, Wilbur & Tilley 1970,
Tilley 1968).

Measuring reproductive success by frequency of copulation, 1 have
analyzed male and female reproductive success as a function of size in
Anolis garmani (Figures 7.9 and 7.10). Both sexes show a significant posi-
tive correlation between size and reproductive success, but the trend in
males is significantly stronger than the trend in females (p << .01). Con-
sistent with this tendency, males grow faster at all sizes than females (Fig-
ure 7.11) and reach an adult weight two and one-half times that of adult
females. The sex ratio of all animals is unbatanced in favor of femaules,
which would seem to indicate differential mortality, but the factors that
might produce the difference are not known. Males are highly aggressive
and territorial, and large males defend correspondingly large territories
with many resident females. No data are available on size and success in ag-
gressive encounters, but in the closely related (and behaviorally very
smilar) A. lincaropus, 85 per cent of 182 disputes observed in the field
were won by the larger animal (Rand 1967). Females lay only one egg at
a time, but it is likely that larger adult {females lay eggs slightly more often




Figure 7.9. Male and fermale Anolis garmani copulating fuce down jour

feet up the wrunk of a cocoanut tree. Photo by Joseph K.
Long.
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Figure 7.10. Reproductive success in male and female A. garmani as a func-
tion of size. Reproductive success is measured by the number of
copulations observed per number of individuals (male or [emale)
in each nonoverlapping 5 mm size category. Data combined from
five separate visits to study area between summer 1969 and sum-
mer 1971,

than smaller ones, and this may partdy be due to advantages in feeding
through size-dependent aggressiveness, since larger females wander signifi-
cantly more widely than smaller adult ones. An alternate interpretation
(based on ecological competition between the sexes) has been proposed
for sexual dimorphism in size among animals (Selander 1966), and the
interpretation may apply to Anolis (Schoener 1967).

METABOLIC RATE

Certuinly more is involved in differential male mortality than size, even in
species in which males grow to a larger size than females. Although data
show convincingly that nutritional factors strongly affect human male sur-
vival in utero, a sexual difference in size among humans is not detected
until the twenty-fourth week after conception whereas differences in mor-
tality appear as soon as the twelfth week. Sellers et al. (1950) have shown
that male rats excrete four times the protein females do; the difference is
removed by castration. Since males suffer more from protein-deficient
diets than females {they gain less weight and survive less well) the sex-
linked proteinuria, apparently unrelated to size, may be a factor in causing
lower raale survival in wild rats (Schein 1950). (The connection between
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Figure 7.11. Male and female growth rates in A. garmani as a function of ini-
tial size based on summer 1970 recaptures of animals marked 3
to 4 months before. A line has been fitted 1o each set of data; d
indicates how uch larger a male is when a similar aged female
reaches sexual maturity,

proteinuria and male reproductive success is obscure.) Again, although
human male survival is more adversely affected by poor nutritional condi-
tions than female survival, Humilton (1948) presents evidence that the
higher metabolic rate of the male is an important factor increasing his
vulnerability to many discases which strike males more heavily than fe-
males. Likewise, Taber & Dasmann (1954) argue that greater maie mor-
tality in the deer, Odocoileus hemionus, results from a higher metabolic

rate. High metabolic rate could relate to both aggressiveness and searching
behavior.

EXPERIENCE

If reproductive success increases more rapidly in one sex than the other as
a function of age alone (for example, through age-dependent experience),
then one would expect a postponement of sexual maturity in that sex and
a greater chance of surviving through a unit of time than in the opposite sex.
Thus, the adult sex ratio might be biased in favor of the earlier maturing
sex but the sex ratio for all ages taken together should be biased in favor
of the later maturing sex. Of course, if reproductive success for one sex
increases strongly as a function of experience and experience only partly
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correlates with age, then the sex may be willing to suffer increased mortality
if this mortality is sufficiently offset by increases in experience. Selander
{1965) has suggested that the tendency of immature male blackbirds to
exhibit some mature characteristics may be adaptive in that it increases
the male’s experience, although it also presumably increases his risk of
mortality.

MOBILITY

Data from mammals (revicwed by Fisenberg 1965 and Brown 1966} and
from some salamanders (Madison & Shoop 1970) and numerous lizards
{Tinkle 1967 and Blair 1960) suggest that males often occupy larger home
ranges and wander more widely than females even when males are smaller
(Blair 1963). Parker (1970a) has quantified the importance of mobility
and searching behavior in dung flics. If females are a dispersed resource,
then male mobility may be crucial in exposing the male to a large number
of available females. Again, males may be willing to incur greater mortality
if this is sufficiently offsct by increases in reproductive success. This factor
should only affect the male during the breeding scason {Kikkawa 1964)
unless factors refevant to mobility (such as speed, agility or knowledge of
the environment) nced to be developed prior to the reproductive season.
Lindburg (1969) has shown that macaque males, but not females, change
troops more frequently during the reproductive season than otherwise and
that this mobility increases male reproductive success as mcasured by fre-
quency of copulation, suggesting that at least in this species, greater
mobility can be confined (0 the reproductive season (see also Miller 1958).
On the other hand, Taber & Dasmann (1954} present evidence that as
carly as six months of age male deer wander more widely from their moth-
ers than females—a difference whose function, of course, is not known.
Similar very early differences in mobility have been demonstrated for a
lizard (Blair 1960) and for several primates, including man (Jensen,
Bobbitt & Gordon 1968).

Female Choice

Although Darwin (1871) thought female cheice an impertant evolu-
tionary force, most writers since him have relegated it to a trivial role
(Huxley 1938, Lack 1968; but sec Fisher 1958, and Orians 1969). With
notable exceptions the study of female choice has Jimited itself to showing
that females are selected to decide whether a potential partner is of the
right species, of the right sex and sexually mature. While the adaptive
value of such choices is obvious, the adaptive value of subtler discrimina-
tions among broadly appropriate males is much more difficult to visualize
or document. One needs both theoretical arguments for the adaptive value
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of such female choice and detailed data on how females choose. Neither
of these criteria 15 met by those who casually ascribe to female {(or male)
choice the evolution of such traits as the relative hairlessness of both hu-
man sexes (Hershkovitz 1966) or the large size of human female breasts
(Morris 1967). I review here theoreticul considerations of how females
might be expected to choose among the available males, along with some
data an how females do choose.

SELECTION FOR OTHERWISE NEUTRAL OR
DISFUNCTIONAL MALF ATTRIBUTES

The effects of female choice will depend on the way females choose. M
somc females exercise a preference for one type of male (genotype) while
others mate at random, then other things being equal, selection will rapidly
favor the preferred male type and the females with the preference
(O’Donald 1962). If cach female has a specific image of the male with
whom she prefers to mate and if there is a decreasing probability of a fc-
male mating with a male as a function of his increasing deviation from her
preferred image, then it is trivial to show that selection will favor distribu-
tions of female preferences and male attributes that coincide. Female
choice can generate continuous male change only if females choose by a
relative rather than an absolute criterton. That is, if there is a tendency for
females to sumple the male distribution and to prefer one extreme (for ex-
ample, the more brightly colored males), then selection will move the male
disinbution toward the favored extremc. After a one generation lag, the
distribution of female preferences will also move toward a greater per-
centage of females with extreme desires, because the granddaughters of fe-
males preferring the favored extreme will be more numercus than the
granddaughters of females favoring other male attributes. Until counter-
vailing sclection intervenes, this female preference will, as first pointed out
by Fisher (1958), move both male attributes and female preferences with
increasing rapidity in the same direction. The female preference is capable
of overcoming some countervailing selection on the male’s ability to sur-
vive to reproduce, if the incrcased reproductive success of the favored
males when mature offsets their chances of surviving to reproduce.

There are at Jeast two conditions under which one might expect females
to have been selected to prefer the extreme male of a sample. When two
species, recently speciated, come together, selection rapidly favors females
who can discriminate the two species of males. This selection may favor fe-
males who prefer the appropriate extreme of an available sample, since
such a mechanism would minimize mating mistakes. The natural selection
of females with such a mechanism of choice would then initiate sexual
selection in the same direction, which in the absence of countervailing
selection would move the two male phenotypes furthcr apart than neces-
sary to aveid mating error.
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Natural selection will always favor female ability to discriminate male
sexual competence, and the safest way to do this is to take the extreme of
a sample, which would lead to runaway selection for male display. This
case is discussed in more detail below.

SELECTION FOR OTHERWISF FUNCTIONAL
MALE ATTRIBUTES

As in other aspects of sexual selection, the degree of male investment in the
offspring is important and should affect the criteria of female choice.
Where the male invests little or nothing beyond his sex cells, the female
has only to decide which male offers the ideal genetic material for her off-
spring, assuming that male is willing and capable of offering it. This ques-
tion can be broken down to that of which genes will promote the survival
of her offspring and which will lead to reproductive success, assuming the
offspring survive to adulthood. Implicit in these questions may be the rela-
tion between her genes and those of her mate: do they complement cach
other?

Where the male invests parental care, female choice may still involve the
above questions of the male's genetic contribution but should also involve,
perhaps primarily involve, questions of the male’s willingness and ability
to be a good parent. Will he invest in the offspring? If willing, does he
have 1he ability to contribute much? Apgain, natural selection may favor fe-
male attentiveness o complementarity: do the male’s parental abilities
complement her own? Can the two parents work together smoothly?
Where males invest considerable parental care, most of the same consider-
ations that apply to female choice also apply to male choice. The alternate
criteria for female choice are summarized in Table 7.1.

SEXUAL COMPETENCE

Even in males selected for rapid, repeated copulations the ability to do so
is not unlimited. After three or four successive cjaculations, for example,
the concentration of spermuatozoa is very low in some male chickens
(Purker, McKenzie & Kempster 1940}, yet males may copulate as often as
30 times in an hour (Guhl 1951). Likewise, sperm is completely depleted
in male Drosophila melanogaster after the fifth consecutive mating on the
came day (Demerec & Kaufmann 1941, Kaufmann & Demerec 1942). Du-
ration of copulation is cut in half by the third copulation of a male dung fly
on the same day and duration of copulation probably correlates with
sperm transierred (Parker 1970a). In some species females may be able to
judge whether additional sperm are needed (for exampic, house flies:
Riemann, Moen & Thorson 1967) or whether a copulation is at least behav-
iorally successful (for example, sea lions; Peterson & Bartholomew 1967),
but in many species females may guarantce reproductive success by mat-
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Table 7.1. Theoretical criteria for female choive of males

L All species, but especially those showing little or no male parental investment
A.  Ability to fertilize eggs
(1) correct species
(2) correct sex
(3) mature
(4) sexually competent
B.  Quality of genes
{1) ability of genes (o survive
(2) reproductive ability of genes
(3) complementarity of gencs
II.  Only those species showing male parental investment
C. Quality of parental care
(1) willingness of male to invest
(2) ability of male to invest
(3) complementarity of parental attributes

ing with those males who are most vigorous in courtship, since this vigor
may correlate with an adequate supply of sperm and a willingness to
transfer it.

When the male is completely depleted, there is no advantage in his copu-
lating but selection against the male doing so should be much weaker than
selection against the female who accepts him. At intermediate sperm
levels, the male may gain something from copulation, but the female
should again be selected to avoid him. Since there is little advantage to the
maie in concealing low reproductive powers, a correlation between vigor
of courtship und sperm level would not be surprising. Females would then
be selected to be aroused by vigorous courtship. If secondary structures
used in display, such as bright feathers, heighten the appearance of vigor-
ousness, then selection may rapidly accentuate such structures. Ironically,
the male who has been sexvally most successful miay not be ideal to mate
with if this success has temporarily depleted his sperm supply. Mates
should not only be selected to recover rapidly from copulations but to give
convincing evidence that they have recovered. Tt is not absurd to supposc
that in some highly promiscuous species the most attractive males may be
thosc who, having already been observed to mate with several females, are
still capable of vigorous display toward a female in the process of
choosing.

GOOD GENES

Maynard Smith {1956) has presented evidence that, given a choice, female
Drosophila subobscura discriminate against inbred males of that species
and that this behavior is adaptive: females who do not so discriminate
leave about Y4 as many viable offspring as those who do. Females may
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choose on the basis of courtship behavior: inbred males are apparently un-
able to perform a step of the typical courtship as rapidly as outbred males.
The work is particularly interesting in revealing that details of courtship
behavior may reveal a genetic trait, such as being inbred, but it suffers
from an artificiality. 1f inbred males produce mostly inviable offspring,
then, even in the absence of female discrimination, one would expect very
few, if any, inbred males to be available in the adult population. Only be-
cause such males were artificially selected were there large numbers to ex-
pose to females in choice experiments. Had that selection continued one
generation further, females who chose inbred males would have been the
successful females,

Maynard Smith’s study highlights the problem of analyzing the potential
for survival of one’s partner’s genes: one knows of the adult males one
meets that they have survived to adulthood; by what criterion does one de-
cide who has survived better? If the female can judge ape, then all other
things being equal, she should choose older males, as they have demon-
strated their capacity for long survival. All other things may not be equal,
however, if old age corrclates with lowered reproductive success, as it does
in some ungulates (Fraser 1968) through reduced ability to impregnate.
If the female can judge the physical condition of males she encounters,
then she can discriminate against undernourished or sickly individuals,
since they will be unlikely to survive long, but discrimination against such
individuals may occur for other reasons, such as the presuimed lowered
ability of such males to impregnate successfully duc to the weakened
condition.

In some very restricted ways it may be possible to sccond-gucss the
future action of natural selection. For example, stabilizing selection has
been demonstrated to be a4 common form of natural selection (sec Mayr
1963) and under this form of selection females may be selected to exercise
their own discrimination against extreme types, thereby augmenting the
effects of any stabilizing sclection that has occurred prior to reproduction.
Mason (1969) has demonstrated that females of the California Ouk Moth
discriminate against males extreme in some traits, but no one has shown
independent  stabilizing  selection for the same traits.  Discrimination
dgainst extreme types may run counter to selection for diversity; the pos-
sible role of femule choice in increasing or decreasing diversity s discussed
below as a form of complementarity.

Reproductive success, independent of ability to survive is casier for the
female to gauge becausc she can directly observe differences in reproduc-
tive success before she chooses. A striking feature of data on lek behavior
of birds is the tendency for females to choose males who, through competi-
tion with other males, have already increased their likelihood of mating,
Female choice then greatly augments the effects of male—male competition.
On the lek grounds there is an obvious reason why this may be adaptive.
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By mating with the most dominant male a female can usually mate more
quickly, and hence more safely, than if she chooses a less dominant individ-
ual whose attempts at mating often result in interference from more dom-
inant males. Scott (1942) has shown that many matings with less dominant
individuals occur precisely when the more dominant individuals are un-
able, either because of sexual exhaustion or a long waiting line, to quickly
service the female. Likewise, Robel (1970) has shown that a dominant fe-
male prevents fess dominant individuals from mating until she has mated,
presumably to shorten her stay and to copulate while the dominant male
still can, A second reason why choosing to mate with more dominant males
may be adaptive is that the female allies her genes with those of a male
who, by his ability to dominate other males, has demonstrated his repro-
ductive capacity. It is a common observation in cervids that females
pacidly await the outcome of male strife to go with the victor. DeVore
{1965) has quantified the importance of dominance in male baboon sexual
success, emphasizing the high frequency of interference by other males in
copulation and the tendency for female choice, when it is apparent, to be
exercised in favor of dominant males. That previous success may increase
the skill with which males court females is suggested by work on the black
grouse {Kruijt, Bossema and deVos, in press), and females may prefer
males skillful at courting in part because their skill correlates with previous
SUCCTSS.

[n many species the ability of the male to find receptive females quickly
may be more important than any ability to dominate other males. If this is
s0, then femule choice may be considerably simplificd: the first male to
reach her establishes therchy a prima facie case for his repreductive
abilities, In dung flies, in which females must mate yuickly while the dung
is fresh, male courtship behavior is virtually nonexistent {Parker 1970a).
The male who first leaps on top of a newly arrived female copulates with
her. This lack of female choice may also result from the prima facie case
the first male establishes for his sound reproductive abilities, Such a mech-
anism of choice may of course conflict with other criteria requiring a
sampling of the male population, but in some species this sampling could
be carried out prior to becoming sexually receptive.

There are good data supporting the importance of complementarity of
genes to female choice. Assortative mating in the wild has been demon-
strated for several bird species (Cooch & Beardmore 1959, O'Donald 1959)
and disassortative mating for a bird species and a moth species (I.owther
1961, Sheppard 1952). Petit & Ehrman (1969) have demonstrated the
tendency in scveral Drosophila species for females 1o prefer mating with the
rare type in choice experiments, a tendency which in the wild leads to a
form of complementarity, since the female is preswmably usually of the
common type. These studies can all be explained plausibly in terms of
selection for greater or lesser genetic diversity, the female choosing a male
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whose genes complement her own, producing an “optimal” diversity in the
offspring.

GOOD PARENT

Where male parental care is involved, females certainly sometimes choose
males on the basis of their ability to contribute parental carc. Orians
(1969), for example, has recently reviewed argaments and data suggesting
that polygyny evolves in birds when becoming the second mate of an al-
ready mated male provides a female with greater male parental contribu-
tion than becoming the first mate of an uamated male would. This will be
so, for example, if the already mated male defends a territory considerably
superior to the unmated male’s. Variability in territory quality certainly oc-
curs in most territorial species, even in those in which territories are not
used for feeding. Tinbergen (1967), for example, has documented the
tendency for central territortes in the black-headed gull to be less vulner-
able to predation. If females compete among themselves for males with
good territories, or if males exercise choice as well, then female choice for
parental abilities will again tend to augment intra-male competition for the
relevant resources {such as territories). The most obvious form of this se-
lection is the inability of a nonterritory holding male to attract a female.

Female choice may play a role in selecting for increased male parental
investment. In the roadrunncr, for example, food caught by a male seems
to act on him as an aphrodisiac: he runs to a female and courts her with
the food, suggesting that the female would not usually mate without such
a pift {(Calder 1967). Male parental care invested after copulation is pre-
sumably not a result of female choeice after copulation, since she no longer
has anything to bargain with. In most birds, however, males defend terri-
torics which inittally attract the females (Lack 1940). Since muales without
suitable territorics are unable to attract a mate, female choice may play a
role in maintaining male territorial behavior. Once a male has invested in
4 territory in order to attract a mate his options after copulating with her
may be severely limited. Driving the female out of his territory would al-
most certainly result in the loss of his investment up until then. He could
establish another territory, and in some species some males do this (von
Haartman 1951), but in many species this may be difficult, leaving him
with the option of aiding, more or less, the female he has already mated.
Female choice, then, exercised before copulation, may indirectly force the
male o increase his parental investment affer copulation.

There is no reason to suppose that males do not compete with each other
to pair with those females whose breeding potential appears to be high.
Darwin (1871) argued that females within a species breeding carly for
nongenetic reasons (such as being in excellent physical condition) would
produce more offspring than later breeders. Sexual selection, he argued,
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would favor males competing with each other to pair with such females.
Fisher (1958) has micely summarized this argument, but Lack (1968,
p. 157) dismisses it as being “not very cogent,” since “the date of breeding
m hirds has been evolved primarily in relation to two diflerent faclors,
naniely the food supply for the young and the capacily of the female to
form eggs.” These facts are, of course, fully consistent with Darwin's argu-
ment, since Darwin is merely supposing a developmental plasticity that
allows females to breed earlier if they arc capable of forming the cggs, and
data presented clsewhere in Lack (1968) support the argument that fe-
males breeding earlier for nongenetic reasons (such as age or duration of
pair bond) are more successful than those breeding later (sce also, for ex-
ample, Fisher 1969, and Coulson 1966). Goforth & Baskett (1971) have re-
cently shown that dominant males in a penned Mourning Dove population
preferentially pair with dominant females; such pairs breed carlier and
produce more surviving young than less dominant pairs. It would be inter-
esting to have detailed data from other species on the extent to which
males do compete for females with higher breeding potential. Males are
certainly often initially aggressive to females intruding in their territories,
and this aggressiveness may act as a sieve, admitting only those females
whose high motivation correlates with early egg laying and high reproduc-
tive potential. There is good evidence that American women tend to marry
up the socioeconomic scale, and physical attractiveness during adolescence
facilitiates such movement (EMer 1969}, Until recently such a bias in fe-
male choice presumably correlated with increased reproductive success,
but the value, if any, of female beauty for male reproductive success is
obscure.

The importance of choice by both female and male for a mate who will
not desert nor participate in sex outside the pair bond has been emphasized
n an earlier section (“Desertion and cuckeldry™). The importance of
complementanity s documented in a study by Coulson (1966).

CRITERIA OTHER THAN MALE CHARACTERS

In many species male-male competition combined with the importance of
some resource in theory unrelated to males, such as oviposition sites
may mitigate against female choice for male characters, In the dragonfly
Parthemis tenera males compete with each other ta control territaries con-
taining good oviposition sites, probably because such sites are a predict-
able place at which to find receptive females and because sperm competi-
tion in msects usually favors the last male to copulate prior to oviposition
(Parker 1970b). It is clear that the females choose the oviposition site and
not the male (Jacohs 1955), and male courtship is geared to advertise good
oviposition sites. A male matntaining a territory containing a good OVIpOsi-
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tion site is nor thereby contributing parental investment unless that main-
tenance benefits the resulting young.

Female choice for oviposition sites may be an especially important deter-
minant of male competition in those species. such as frags and salaman-
ders, shawing external fertilization. Such female choice almost certainly pre-
disposed Lhese species to the evolution of male parental investment.
Female choice for good oviposition sites would tend to favor any male in-
vestment in improving the site, and if attached to the site to attract other
females the male would have the option of caring more or less for those
eggs already laid. A similar argument was advanced above for birds. In-
ternal fertilization and development mitigate against evolution of male
parcntal care in mammals, since female choice can then usually only oper-
ate to favor male courtship feeding, which in herbivores would be nearly
valueless. Female choice may also favor males who mate away from ovi-
position sites if so doing reduced the probability of predation.

Where females are clumped in space the effects of male competition may
render female choice almost impaosstble. In a monkey troop a female pref-
erence for a less dominant male may never lead to sexual congress if the
pair arc guickly broken up and attacked by more dominunt males. Ap-
parent female acquiescence in the results of male—male competition may
reflect this Tactor as much as the plausible female preference for the male
victor outlined above.

Swumary

The relative parental investment of the sexes in their young is the key
variable controlling the operation of sexual selection. Where one sex in-
vests considerably more than the other. members of the latter will compete
among themselves to mate with members of the former. Where invesiment
is equal, sexual selection should operate similarly on the twe sexes. The
pattern of relative parental investment in species today seems strongly in-
fluenced by the carly evolutionary differention into mobile sex cells fertiliz-
ing immobile ones, and sexual selection acts 1o mold the pattern of relative
parental investment. The time sequence of parental investment analyzed
by sex is an important parameter alfecting species in which both sexes in-
vest considerable parental care: the individual inuially investing more
{usually the female) is vulnerable to desertion. On the other hand, in
species with internal fertilization and strong male parental mvestment,
the male is always vulnerable to cuckoldry. Each vulnerability has led
to the evolution of adaptations to decrease the vulnerability and to
coumer-adaptations.

Females usually suffer higher mortality rates than males in monogamous
birds, but in nonmonogamous birds and ail other groups, males usually
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e ihlgllu,r rates. The chromosomal hypothesis is unable to account for
ata. Instead, an : ! )

e ut n.:.tn, 1d,.dn adaptive interpretation can be advanced based on the
e [L]pargnlal investment of the sexes. In species with little or no male
arental investment, selectio . |

B n usually favors male adaptan
parme ! sclect s male adaptations that lead to
C[‘EaSCdp oduuta_ve suceess in one or more breeding seasons at the cost of 1n
creese _lmolrltlhty. Male compctition in such specics can only be analyzed
al N e . ) .
degcr.btdw;c).n[ Lh? distribution of females in space and time is properly
scribed. Data from field studies s i ‘ .
it studies suggest that in so ] i
mobility, experience : i ) o male reproduc
. and metabolic rate are 1 1 1
AT ale are wnportant te male reproduc-
Female choic :
omale el 16.- ;,nn augment or oppose mortality selection. Female
cholce can ?/ et to runawyy change in male morphology when females
limég ady t.r::: ative rather than ahsolute standard, and it is probably some-
o u.w s:fei‘v%‘:m females .lo so choose. The relative parental investment
Thnmghums ;1 cctshth? criteria of female chotce {and of male choice)
, I emphasize that sexual selecti ; if i
Loroughe cmphs | selection favors different male and
omae ;?r‘odu(,twe strategies and that even when ostensibly cooperating
a joint task male and fenmuale interests are rarely identical ) ;
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