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Introduction

Charles Darwin's (1871) treatnent of the topic of sexual selection was
sometinrcs confused because he lackcd a gcneral framework within which
to relate the variables he perceived to bc important: sexlinked inheritance,
sex ratio at conception, differcntial mortality, parental carc, and the form
ot the brecding system (monoganry, polygyny, polyandry, or promiscurry/.
This confusion permitted othcrs to attcmpt to show that Darwin's tcrminol-
ogy was inrprecise, that hc n]isinterpr(]ted thc function of sornc structurcs,
and that the influcnce of sexual sclectioD was greatly overrated. l luxley
(1938), for cxample, dismisses the importance of female choice without
elidcnce or theorctical arSument, and he doubts thc plcvalencc of adapta_
tions in males that dccreasc their chances oI surviving but arc sclcctcd bc_
causc thcy lcad to high reproductivc succcss. Somc imp,rttant i ldvances,
howevgr, have becn achievcd sincc Darwin,s work. The p,cnetics of sex nas
now becn clarif ied, and Fishcr ( 1958 ) hrs produccd , n,od"l to cxplarn sex
ratios at coDception, a nrodel recently extendcd to include special mccha_
nisms that operate under inbreeding (Hunrilron I96?). Data frorn the iab-
oratory and the field havc conlirnred that females ar.e capable of vcrv sub e
chrtices (for example, Petit & Ehrrnrn I 969 ), and Barentan ( I 94g) has sug-
gested a general basis for female choice antl male-male competit ion, and
he has produccd prccisc data on one species to support his at.gument.
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Parental Investment and Seruol Selecl ion

This paper presents a gcneral framcwork within which to considcr

sexual selection. ln it I attcmpt to define and interralatc the koy variables.

No attempt is made to revicw the large, scattered literature relevant to

scxual selection. lnstead, arguments arc presented on how one might

expect nat]ural selection to act on the sexes, and some data are prcsented

to support these argumcnts.

V ariance in Reproductivc Succcss

Darwio dclined sexual selection as (l) compctit ion within one scx for
membcrs of the oppositc scx and (2) dilTcrcntial choice by members of one
st:x for mernbcrs ol the opposite sex, and he pninted out that this usually
meant malcs compcting with each othcr 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 fcmals reproductive success arc available for many species, but
similar data on malcs arc very difiicult to gathor, even in those species that

tend toward monogamy. Thc human species i l lustrates this point. In any
society it is relatively casy to assign accurately thc children to their biolog-
ical nrothers, but an element of uncertainty attachcs to the assignment of

childrcn to their biological fathers. For example, Henry Harpcnding (per-

sonal communication) has gathered bi<rchemical data on the Kalahari
Bushmcn showing that about two pcr cent of the children in that society
do not belong to the fathcr to whotr thcy arc commonly attributed. Ifata
on thc human species are, of coursc, much more detailcd than similar data
on other spccies.

To gather prccise data on both scxes Bateman (1948) studied a single
specics- Drosophila nlelanogdster, under laboratory conditions. By using
a chromosomally marked individual in competit ion with individuals bear-
ing diffcrcnt markers, and by scarching for the markers in the offspring, he
was rble to measure the reproductivc success of each individual, whethel
fcnrale or malc. His method consisted of introducing five adult malcs to
llve adult fcmale virgins. so that each female had a choice of l ive males
ancl each nralc contpctcd with four other nlules.

l)ata from numerous competition expcrimcnts with Dr-osop,hifc revcaled
threc important sexual differences: (l) Male reproductive success varicd
much more widely than female reproductivg success. Only four per cent
of the fcmales failed to producc any surviving ofispring, whilc 21 per cent
of the males so failed. Some malcs, on thc other hand, were phenomenally

successful, producing nearly three times as nrany ollspring as the most suc-
cessful fenrale. (2) Female reproductive success did not appear to be l im-
ited by ability to attract males. The four per cent who failed to copulate
werc appirrently courted as vigorously as those who did copulate. On the

other hand, nale reproductive succcss was sevcrely l imited by abil ity to

l3 '7



Copyr isht  O 1972 by Aldine l 'ubl ishins Company

Al l  r igbts rcserved.  No pur l  of  th is publ ic l l ion i ray
he reprodLrccd or  l ransmi l tcd in any form or by any
means,  e lectronic or  n lechanic{1,  inc luding pholocopy,
rccording,  or  any infornrat ion s lorage and retr ieval
system, wi thoul  permission in wr i l ing f rom lhc prrb l isher

Firs l  publ ished 1972 by
ALDTNE Plml-rsrfiNc CoMP^Nr
529 South wabash Avcnue
Chicaso.  I l l inois 60605

ISnN 0 202-02005,3
Library of  Congress Catx log Number 70 169510

Printed in lhe Uni tcd Str les of  Americ l

iv

SEXUAL SELECTION
AND THE,
DESCENT OF MAN t87t-re7l

edited by

tsHRNARD CAMPBELI
I JNIVI :RSI ' I  Y  OI '  ( '  I - I I ]oRNIA I - ( }S  AN( ; I : I  I ]S

\t
\l ^tr
r1' Y
't-:r

ztrlt
!E:lt
l l l - l l l

ALDINE PUBLISHING COMPANY / Chicago



I  l l 8  R o l r - R r  1 . .  | R r v L X s

attract or arousc femaies. 1'he 2l pcr ccnt u.ho failed to rcproduce showcd
no disintercst in trying to copulatc, oniy an inirbii i ty ro bc acccpted. (3) A
fcmale's reproductive success did not increase Dluch, if any, after the first
copulation and not at all aftcl the second; most fomales wcre uninterested
in copulating nrorc than once or twicc. As shov,rr by gcnetic rnarkers in thc
offspring, malcs showed an alnrost l incar incrcasc in rcproductive success
with increased copulations. (A corollary of this l 'rnding is that males
tendcd not to mare with the sanrc fcmalc twice. ) Although thcse results
were obtaincd in the laboralory, they may apply with cvcn grclter force
to the wild, where males are not l imited to fivc femalcs and u,here fcmalcs
have a widcr range of nrales frorn which lo choose.

Batenran argucd that his rcsults could bc explained by refcrcnce to thc
cnergy fnvestDtcnt of cach sl]x in thcir sex cclls. Since n:.le [)ntsopltikr in.
vcst vcry l itt lc melabolic cnergy in thc production of a givcn sex cell,
whcreas females invest considerable encrgy, a nralc's reproductive succcss
is not l imited by his abil ity to produce sex cells bur by his abil itv to fcrti l
rze eggs with thcsc cells. A female's reproductivc succcss is not l imited by
her abil ity to havc her eggs ferti l ized but by hcr abil ity to producc cggs.
Since in almost all animal and plant species thc nrale pmduces scx cclls
that are tiny by comparison to the fcnrale's scx cclls, Batcman (194g) ar_
gued that his results should apply very widely, that is, k) ..all but a few
very primitivc <lrganisms, and those in which nronogarny combined with
a sex ratio of unity elinrinated all intra-sexual selcction."

Good ficld data on rcproductive succ,, 'ss are diJhcult to hnd. but what
data exist, in conjunction with thc assunrption thal male rcproductive suc
cess varies as a function of thc nunrber of copulalions,r support the contcn-
tion that in all specics, except t lrose nrcntioned bclow in which malc palen_
tal care may bc a l imiting resource for fcmales, ntale reproductive success
varics more than female reproductive success. This is iupported. for cx
ample ,  by  da ta  f rom dragon l l ies  ( l rcobs  1955) ,  baboons ibeVore  1965) .
comnron frogs (Savage I96l), prairie chickens (Robcl 1966), sage grouse
(Scott 1942), black grousc (Koivisto 1965), clcphant scals (LcBoeuf &
Peterson, 1969), dung fl ics (Parker 1970a) and sonic an<rlinc l izards (Rand
1967 and Trivcrs, in prepirration, discussed below. ) Circunrstantial cvi-
dence exists for other l izards (for example, Blair 1960. Harris 1964) and
for mirny mamnrals (see Eiscnbcrg 1965). ln nron(.,gamous spccies, male
rcproductive succcss would bc exp€cted lo varv as fcrnale reproductive
success, but thcre is always the possibil i ty of adultcry and diflercntial fc-
male mortality (discussed below) and thcsc factors should increasc thc

.  
1. .  Selecr ion should favor male!  producing such an abundance of  sperm lhar rhey

le(r l ize al l  a female s avai lahle eggs wi th a s ingle copulat ;on.  l -u lhernrore,  to decrease
comp€l i l ion among of fspr ing,  natural  s€lect ion nray favor females who prefer  s ingle
paterni ty  for  each batch of  eggs (s€e Hami l ton 1964).  l .he tendency for  females to
copulate only once or  lwice per balch of  eggs is  suppor(cd by dala for  many spccrcs
tsee.  ror  example,  Brten)an 1948, Savage 1961, Burns 1968 hol  \ee atso parker l9?0b)_

Par?ttal In\'(strnent ond Scxkal S.lcclion l ]9

variancc of ntalc rePloduclive succcss without signiticlntly altcring that

of the fcrnale.

Relativc Parental Invcsttnent

Batcman's argumcnt can be stated in a rnore prccisc and general form

such that the brecding systcm (for example, monognmy) as wcll as the

irdult sex ratie become functions of a singlc variablc controll ing sexual se-

lection. I f irst define parcntal invcstment as any invcstme t b\' l lrc parcnt

in an indivi<lu.tl oflspring rhat incrcases the offtpring's clunce ol surtiving

(and hcncc r(fodu.tira.tf.c..JJ) al thc cosl ol ih. porctl l 's ahil ity ro in-

vest it1 otfur olJ.rpring. So dcfined, parcntal invcstDlcnt includes thc meta-

bolic invcstnlent in tl lc primary scx cells but refers to any investment (such

as fccrl ing or guarding the young) that benefits the young. Il docs not in-

clude effort expendcd in l inding a menber of thc oppositc sex or in subdu-

ing mcmbers of one's own sex in order to mate with l nrembcr of the op-

posite sex, since such cfiort (except in spccial cases) docs not affcct the

iurvivaf chances of the resulting oflspring rnd is thercforc nol p'tental

rnv(jstment.
Each offspring can be viewcd as an invcstnent indcPcndcnt of other off-

spring, increasing investnlent in one offspring tending to decrease invcst-

ment in othcrs. I measure the sizc of a parcntal investment by rcfcrence to

its negative eficct on the parcnt's abil ity to invest in other offspring: a l i lrge

parental invcstDrcnl is one that strongly dccreascs thc parent's abil ity to

produce other effsPring. I hcre is no necessary correlation belwcen the size

of parcntal investment in an olTspring and its bcnefit for the young. lndeed,

onc can show thrt during a brceding season thc bencfit from a given

parental invcstmcnt nrust decreasc i lt somc point or clsc species worrl(l not

tcnd to produce any fixed nurnber of oflspring pcr season. Decrease in re-

productive success resulting from the ncSative eficct of parcntal invcst-

nlent on nonpercnldl forms of reproductive cfiort (such as scxual compctl-

t ion for mates) is excluded from the mcasurement of parcntal investncnt'

In effcct, then, I am hcrc considcring reproductive success as if the only

rclevant variable werc parentrl investment.
For a given rcproduclive season one can dclinc the total parenti l l  invest-

ment of an inLlivit lual as lhc sum of its investmcnts in elch of its offspring

produced during that season, and one assumes that niltural sclections has

favorcd the tolsl p rental investment that leatls 1() nli lximum nct rcpro-

ductive succcss. I)ividing thc total parcntal invcstment by the number of

individuals produced by the parent givcs thc typical Pirrcntal investnlent

by an individual per ollspring. Batenlan's argument can now be reformu-

lltcd as follows. Sincc the total nunlbcr of o{isPring produced by one scx

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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ment alonc, assuming the opposite sex's investment fixed at its optirnal
value) to thc number of offspring the l imiting sex optimally produccs
(L/M in Figurc 7.1 ).

What governs thc operation ol sexual selection i!; tltc relativ( porcntol
in\)estnl<nt ol llre scxcs in their oflryring. Conrpctition for nrates usually
charactcrizes males bccause ntales usually invest almost nothing in their
offspring. Whcre male parental investmcnt pcr oftspring is comparable to fc-
male invcstnrent one would cxpect malg and f€malc reproductivc success
to vary in similar ways and for female choice kt bc no more discriminating
than malc choice (except as noted below). Wherc nale parental in-
veslnrcnt strongly exccads that of th€ femalc (regardless of whiclr sex rn-
vests more in the sex cells) onc would expect females to compcte among
themselves for malcs and for malcs to be selectivc about whom they accept
as a nlate.

Note that it may not bc possible for an individual of one sex to invesr in
only part of the offspring of an individual of the opposite scx. When a malc
invcsts less per typical olTspring than does a fcmirle but ntore than one-half
what she invcsts (or vice-vcrsa) then sclcction rnay not favor nlalc corrrpe-
tit ion to pair witb more than one femalc, if the offspring of the second fc-
male cannol bc parcelled oul to morc than one tnale. lf the l let reproduc-
tive succcss for a male investing in thc offspring of one female is largcr
than that gaincd from investing in the offspring of two females, then the
male wil l be sclected to invest in the olTspring of only onc female. This
argunlcnt is graphcd in Figure 7.2 and may be important to understanding
dillerential mortality in monogamous birds, as discussed below.

Fisher's (1958) scx ntio nlodel comparcs the parenlal expenditurc (un-
delincd) in nralc offspring with that in fcmale oftspring and suggests energy
and timc as nreasures of expenditure. Restatements of Fisher's modcl (for
exarnple. Kolman 1 96O. Willson & Pianka 1 963. l ' . Emlen 1968. Verncr
1965, Leigh 1970) cmploy cither thc undefincd tcrm, parental expenditurc,
or the term energy investment. In cither case thc key conccpt is imprecise
and the relcvant one is parental investment, ls defined above. l lnclgy in-
vestnlcnt may oftcn be a good approxirnation of parental invcstment, but
it is clcarly sometimes a poor one. An individual dcfending its brood froln
a prcdator may expend very l itt le energy in the process but sufler a high
chanca of mortality; such behavior should be mcasurcd as a largc invesr-
tnent, not a snlall one as suggested by the energy involved.

Pare ntal t nv estme nt Pat terns

Species can be classil ied according to the relative parental iDvestment
of thc sexes in (heir young. In the vast rnajority of spccies, the male's only
contribution to the survival of his offspring is his sex cells. In these spccies,
lemalc contribution clearly excecds malc and by a large ratio.

A malc may invcst in his ofispring in several ways. He may provide his

o-

o
g)

No.  o f  oFFSPRING PRoDUCELD
Figure 7.1 . Rerodu.tive success

.t u c L. e s s r e s u t t i n s,, ", "r f;| " f ,, il;li;:ff :,,,',, li i, :, ", 
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't,r' 
,,,i,i.,,r,",, ,,tthe two seres. At M end t. rni n"t ,)in,ii 't ir"" ,",rl"ii )"",,,", ,t l .a):intum lor se.r I and sex 2 retpectively..S", z i i i ,n;,"" ,, n,,I (see k \. The shape ol thc pI .ur,,|r,., ,,ru,J ;r",; ;;;':o:;:rir:)exactl!-,

l lf:11,1^*r"' 
invcstmcnl per oflspring ) r lhen lhe scx whose r),picalparentai investment is grextc. than that of thg oppositc sex will bcconlc alimiting resource for that scx. Individuals of the sex irr.rii"g f.., *'iff 

""__pele irmonp thcmselves to l)rued with ntentbers of thc sex inve.r i . .sincc an individual of the former ;;; ;;;;t;"' il,J;"ll;:'J;t J1;rnvesting successivery in the orlspring of r"""r"r ..rt.., ni ',nJ'i,nri,,",sex. By assuming a sinrple rclationship bctween a"gr." ni-p;,_,;,f 
' ln""r,_

T"n: ."ng number o[ offspring produccd, the argu-ment .o,, O" O."r"n,"O
9j.1lli.it'I 

(Fisure 7.1 ). Thc potcntiat for sexuil 
"ornp"riiui'ii 'ul" ,""lnvestlng lcss can be neasurcd by cir lculat iDg the rat io of t te-nunrOe,.rf

offspring rhat sex optimally prniu.".  1o, a lunction of parental rnvcst_

,^l"rn oanicular, I  assunre an approxrmnrety 50.250 sex rat io at conceprion (FishcrierE) and no drffereDrtal morrel irv l ,  scx. because f fater aeri".  aine..ni i" i"r". ,", , ,ycs-a.funch.,n.of 
.repro.lucriue srrareeies dctermined ;; ; ; i  ; . i" : ; ; ; : , . . t i l rr . . .nt iormaturatron. which affe(rs rhc adutr rr rario, can atso be t."ut. , f  

"r '"  
i"nlLi ir i '  

" ,  
**r\elect ion.) Fr,r mosr specics lhe disna ry rn parent:r l  invcstmenr hctw(cn rhe "exrr rsso g,eal lhat the as(LtrDptjons herc can be great,y relared.
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Figure 7.2. RS and PI as lunctiont ol the number ol oflrpting pro(juce.! lor t.h,o
.reie.r. .t?.r 2 invesrs per typa<al olJsprinR nort, thal ha!l ol w,hat
ser .1 irr.prrr. Condirion A: malitnunl rlct RS lol a ntt,nher ol .re.t
2 assunting he tan ittvest in ut, number ol ollrpring Derhecl N
dnd 2N. Condition B: rrer RS orsuming tncntber ol str 2 invctrs
in 2N ollspring. Coddition C: rrer RS osrrlrrirr.(, menh?r ol s?x 2
/rrz.rtr ifr N ollrpriaR. Il m(nh?r ol se.\ 2 ,|u!t inrrrl rr rr 'r l ' l
tegral ,ttultiple ol N oflspring, notural selc(t[on lavo6 (onditio]I C.

matc with food as in baloon fl ies (Kessel 1955) and sornc othcr rnsccrs
(Engelmann 1970), sorrre spidcrs. and somc birds (for exanrple. Calder
1967,  Royama 1966.  S lokcs  & Wi l l iams,  I97 l  ) .  He nray  f ind  and de fend a
good place for the fenrale to feed, lay cggs or raise ),oung, as in nrany birds.
He may build a nest to recoivc thc cggs, as in sonrc fish (for cxamplc,
Morris 1952). He nray help the fcmale lay the cggs, as in sonlc pxrasrtrc
birds (Lack 1968). The malc rnay also defend the femnle. I le miry brood
the eggs, as in some birtls, fish, frogs, and salanranders. Hc may hclp tccd
the young, protect thcm, provide opportunities for learning, and so on, as
in wolves and many monoganlous birds. frinally, hc may provide an in-
direct group bencfit to rhc young (such as protection ), as in nany prF
mates. All of these forms of male parental investment tend to decrcase the
disparity in investnrent betwcen male and female resultins from the init ial
, l isparity in size of sex cclls.

To test the importance of rclative parental investment in controll ing
scxual selection one should search for species showing grcater Dtale than

female parcntal invcstment (see Will iams 1966, pp l85-186). The best

canJia"t". include thc phalaropitlae and the polyandrous bird species re

viewed by Lack (1968). ln thesc specics a fcmale's parental invcstment

cnds when she lays her eggs; the maie alotte broods the eggs and carcs for

the young after hatching. No onc has attenlptcd to assess tclative p:rrental

inuc.rtm"it in thcse spccies, but thcy 3re striking in shorving vcry high

ori{le pilrcl(al investntcot corrclitt ing with 5trong scx rolc 
- 
rcvc r\al : 

,fenales
tcnd io bc morc brightly coltrred, more aggrcssive and larger than thc

"r"r"., ""a 
tend to coirt ihcn, and fight nvcr thcnr. In the phalsropes therc

i. ,,., ' .uid"n." that the females lay multiple brootls tHijhn 1967' Johns

1969), but in somc polyandrous snecics lemeles apparcntl l '  80 floor male

to malc laving succ"ri ive b..ro,l, (for cxanrplc, Beebe 1925'-sc-e alro orians

feOs; fr|ttt ir" species thc femalc may be l imited by her abil ity to induce

males to care for her broods, and female reprductive success may Yary

more than nr31e. Likcwisc, high m:llc parentnl investnrent in piptl ish and

-""ft"^"t (syngnathidac) coirelatcs wrth female courtship rrnd blight

."irr"t i.t ipi"iter lqs+), and femalc reproductivc success nray be l imited

bv malc parental investment. Fielt l data for other Sroups arc so scanty that

it ' is nc,t possihlc to say whethcr thete are any instanccs of sex role rcYersal

,unong trr"r, but avaiiable data for somc dendrobatid frogs suggcst at least

i i" oJssit t l i tv. ln thesc specics' the male carries one or more young on his

i,r"[]., ,t" unkno*n length of rime (for examplc, Eaton 1941). Femalcs

i.nJ u, tt. more brightly colorccl than malcs (rarc in frogs) and in 'rt least

one species, [)endrchares aurala, several fenlales have bccn secn pur\uing'

,,"i t i .t i ttt courting, single males (Dunn l94l) In this species the malc

l"rri., onty on" youirg on his back' unti l the tadpolc is quitc large' but fe-

nrates have been found with as tnany as six latge eggs inside' and it ls pos-

sible thal females compote with cach other for the backs of mirles. 
' l 'her'--

or" otft", frug fanril ies ihat show male parental care' but even lcss is known

of  thc i r  r , rc ia l  hchrv io r '
I$ nrost monogamous birds ntale and fcmale parcntal inveslment ls

probablv conrparailc. f ior sonlc spccies lhere is evidcncc that the male in-

u " . t . s , , , n " * h a t l e . s t h a n t h e f e n r a l e K l u i j v c r ( l 9 3 3 , c i t e d i n C o u l s o n 1 9 6 0 )
has shown th t the male starl ing (Sla'rus rulSa'-tt) incubatcs thc eggs less

and feeds the young less oftcn than the fcnale' and similar data 1lrc avail-

able for Lrthcr passcrines (Verncr & Willson' 1969) fhc fact t l lat in nany

spccies n}irlcs are facultativc polygynists (von Haartman 1969). suggests

ti"i 
"u"n 

*tt.n monogamous ihc males invcst less in thc young than their

fenrales. Bccause scx rolc reversal' correlating with evidencc of greatcr

malc than female Parcntal investment, is so rate in birds and because of

ccrtain theoretical consiclerations discussed below, l tentatively classify

-n.i nlon.rgu-nu, bird species as showing somcwhat greatcr female than

nlalc investmcnt in the Young.
,q nt.,.a prccisc classification of anirrlals, and particularly of similar

s o e c i " . . * o u l . l b e u s e f u l f o r t h c f o r m u | a t i o n a n d t c s t i n g o f m o r e s u b t l c

N E T  R S
(  sEX  2 ,  COI {O |T |ON I  I

NET  RS
( s E x  2 ,  c o N D r T t o N  A l

I{ET RS
(  sEX  2 ,  COr {o tT toN  c )
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hypothcses. Groups of birds would bc ideal to classily in this way. because
slight difTercnces in rclativc parcntal iDvcstnrent may produce large diffcr-
ences in social behavior, scxual dinrorphism and nrortality rates by sex. lt
would bc interesting to compare human sc,cictics that diffcr in relative
parcntal iDvcstment and in the details of the lorm of the parcnttl invcst-
ment, but thc spccification of parental invcstnent is complicated b-v thc
fact that humNns rrften invest in kin othcr than their children. A wcalthy
rnan supporting brothers and sistcrs (and their chi)dren) can be viewed
functionally as a polygynist if the contributions to his l i tness rnade bv kin
are devalued appropriatcly by their dcgree of relationship to him (see
Hamilton 1964). There is good evidence that prcmarital scxual ;rcrmrssrve-
n€ss aficcting females in human s(xieties rclltes to the form of parcntxl in-
vestment in a way that would, undcr normal conditions, tcnd to maxlmizc
fcmale reproductive success (Gocthals l97l ).

The Evolution ol Investrnent Patterns

Thc parental investmcnt pattcrn that today governs the operation of
scxual sclcction apparcntly rcsulled fronr an evolutionarily vcry early dif-
ferentiation into rclatively imrrrobilc sex cclls (eggs) fcrti l izcd by nrobilr
ones (spernatozoa). An undiftercntiated system of scx cells seems highly
unstable: conrpctit ion to ferri l ize other sex cclls should rapidly favor mo-
bil ity in some sex cells, which in turn scts up selcction prcssures for lnr-
rnobil ity in thc others. In any case, oncc tlre dif iercntiation took place.
srxuirl selcction acting on spcrn)atozoa favored mobil ity at thc cxpense of
lnvestnrent (in the form of cyfrrpllrsm ). This nreant th:tt i ls long a! the
spernratozoa of dif lcrent malcs competed directly to ferti l ize eggs (as in
oystcrs) nilturit l  sglectiol favoring increased parcntal investn)ent could acl
only on the fenril le- Once fcmales were ablc to control which male fcrti l-
ized their eggs, female clroicc or nrortality sclection on the young could act
to favor sonlc ncw fornr of rl i l lc investmcnt in additioD to spermatozoa.
But therc exist strong selcction pressures against this. Since the fcmale al-
ready invests nrore than thc rnale, brecding failure for lack of an additional
investnrent selccts Inore strongly tgainst her than agirinst the male. ln thal
sense, her init ial very great investmeDt commits her to additional invest-
nrcnt nrorc thaD thc male's init i l l  sl ight investntent comnrits hinr. Further-
more, malc-nralc compctit ion wil l tend to opcriltc irgainst Dale pirrcntal
rnvestnrent. in that any malc investment in one female's young should de-
crease lhe male's chances of insenlinating olher femalcs. Sexual sel(ction,
thcn, is both controllcd by thc parenral invesrncnt pattern and a force rhat
tends to mold that pattern.

The conditions under which selcction favors male parental invcslment
havc not been specified for any group of aninrals. Except for thc citse of
polygyny i[ birds, the role of fcmalc choicc has not bcen explored; instead,

Pare tal Inr 'cslnlent and Sexual Selection

i t  is conrmonly assun'led that, whencver two individuals can rit ise morc in-

JiulOurf. urg"ift", than one alone could' natural selection wil l favor male

oarcntal invistment (l,ack 1968, p l49), an assumption that overlooks the

cflects of both male-male compe tition and femalc choicc

I N I T I A L  P A R E N T A L  I N V E S T M E N T

An inrportant consequence of the early evolutionary dificrentation of ths

sc\ cclls irnJ suhscquent sPelnl colnpcli l iun is thilt mJle scx cells. remrin

i-i.".pr..a to female sex cells, evcn when selcction has favorl 'd a total

n]"f" p"ran,ot inr,/estmcnt that equals or exceeds the femalc. investm€nt'

Thc male's init ial parental investment, that is' his iovestment at the mo-

n r e n t o f f c r t i l i z a t i o n , i s m u c h s m a l l e r t h i r n t h c f e m a | e ' s , e v e n i f l | t t e r .
through parental care, he invesls as much or more Pa(cntal investment in

tta Voung can be viewed as a sequencc of discretc invcstments by each sex'

in" ,"lu-aiu" investment may changc ls a function of t ime and,each sex

-;; ;.;,r;"; i"rt tr". t,, i" 'minui" its investmcnt xt any time ln the hu-

lnrn ,p".i.-, for example, a copulation costing the male virtually nothing

ru, , i igg", a ninc-month investment by the female that is not trivial ' fol-

i.r*.i, ii.r* wishcs, by a fiftccn-ycar invcstment in the offspring that is

"nD.iJ"-tt". 
Although ihe mule may often contribute parental care during

t h i s P e r i o d ' h c n e e d n o t n e c e s s a r i l y d o s o . A f t e r a n i n e - m o n t h P r e g n a n c y '
a fer ale is more or lcss frcc to terlrinate hcr investment at any moment

but doing so wastes her investnrent uP unti l then Given the, init ial inr-

balance in inveshnent the lrrale may mlxintizc hts chanccs of leaving sur-

ri*, ing on.pring by copulirt ing and abandoning nlany femalcs' somc of

*fr"ri. 
"f."" 

,r]|" *i,tt ,tt" aid of otbers, will raise his offspring ln specics

wherc thcre has been strong selection lor tDale parcntal carc' tt rs nore

iikd,h,t;; rnixe<J strategy wil l be thc optimal mxle course-to help a

,ino," r"."1" raise young, while not passing up opportuDities to mrrre with

othcr fcnralcs whon he wil l not aid- 
i; 

"t;;y 
bitds, malcs defcnd a terri(ory which the female also uses for

t"Jing prio, to egg layinS, but the cost of this investmcnt by the male is

Oimcuit io cvirluate ln some species' as outlined above' the malc may prQ-

ui.ion trr" female bcfore she has produced the young, but this provisioning

ir-".uuiif .-"rr .otpared to the ctst of the eggs ln any case' the cost of the

.,rrri",l"n itsctf is always trivial to the male, and in theory rhe nralc necd
'"t" '-"" 

n'yttt ing else in or<ler to copulate lf there is any chancc the fe-

rnuf" 
"un.u;." 

the-young, eithcr alonc or rvith thc hclp of othcrs' it would

hc to thc male's advantagc to copulate with her' By this reasoning one

would expect males of monogamous species to rctain some psychological

,."i,. ..rnri*.n, with promiscuous habiis A male would be selccted to dif-

r " . " n . i . t " t , " t * . . n a f c m a l e h e w i l l o n l y i m p r c g n a t e a n d a f e n a | e w i t h
whom hc wil l also rarse young Toward thc formcr he should be more
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eager for sex and less discrinlinating in choice of sex partncr than th€ fc_
male toward hin, but toward the latter he should bc alout as discriminat
ing as she toward hinr.

If males within a rclatively monoliamous specics nr.c. in fact, adaptcd topursuc a mixed srratcgy. rhc .ptinrar is i ikcrt to diffcr for dif lcrcnt nralcs.
r Know or no rttempr to duculrcnt this possibil i ty in humans, but psychol-
ogy might well bcneflt from atrcnrpting to view human scxual plasticity
as.an adaptation to p€rmit the individual to choose the mixcd strategy bestsuited to local conditions and his own attributes. Eldcr (1969) shows that
slcady d ting.and sexual activiry (coitus and pctring) in adolesccnt hunranIfnrale\ correlrte invc65qly w,1h;r t(ndrtlcy to nta y up thc:\oci.rccr,nomlc
scalc as adllts. Since femalcs physically attractivc as adolescents rcnc t<r
marry up' it is possiblc that fenrares adjust their reproductive straregrcs In
adolescence to their own assets.

Desertion ond Cuckoldry

There are a nunrber of intcrcstlng consequences of thc fact that trc f itateand.femalc of a monogamous couple invest parcntl l care in thcir ofispring
at different rates. These can be studied by graphing and companng thecumulalive investment of each par!,nt in their offgrin!, ancl this is donc fortwo individuals of a hypothetical bird spccies in i igu; Z.:. f t uu" grnpr,",j
no Parenlal inveslmeDt by the fentale in her young bcfore copu)atio,,, e*,cnthough shc nrey be pro<iucing the eggs bcfore thcn, bccause it is not untrltne i lct of copulrtion thal \he c()mmits the eggs to a givcn male,s gcncs. Ineffcct.. rhen. 

-r 
lravc graphed rhc parentar rnve.tn."nt-of each indii idual inrnc orncr Indtvrdua-l 's ollspring. After copulution, this is thc samc as graph_

In,q.rnvcstmcnt in lheir own ofispring, assunting, as I do hcre, that the I1lalcano tcn ta tc  coF lu l i l l c  w i th  cach o ther  lnc t  r :ach  o ther  r rn l r .
To discuss thc problcms thiit crrnfront peire.l individur,ls o:tcnsibtycooperating in joint parental eflort, I choosc th!- l inguage of straregy rnddecision, as if each individual conremplated in strarcg; t. l_. t l. . i".,.,un,it ou8ht to make at cach instant in order to maxinrizle it. ,ap.odu.tiu.- .u"-

,,_- Tllt,lllFf,'* 
is chosen purcty for convenicnce tn 

",,pto." 
,i.-,,,rnp,"_

I rons  one mrght  expcc t  na tura l  se lcc t ion  lo  favor .
At any point in time the individual whose cunrula(ive investmcnt ls ex-ceedcd by his partner's is thcorerically tempted ro A"r..,, .rp"l iufif i t ,t"rl isparity is large This tenrptation occurs because thc desertcr loses lessrnan nrs partner if no offspring are raised and the pilrtner would therefore

De more sl-rongly selected to \tay with the young. Any success of thc part_
ner wil l, of course, benefit the deseflcr. ln Figuie 7 3, for cxanrplc, ocscrtron b) {he malc rrght after copulation wii l cost him vcry l irt le. if no off_sprng itre rarscd, while the chilnces of the female raising some young atone
may be great enough to make thc desertion worthwhilel Othcr factrl,rr are

Pdt.nta l  Investne t  a l td Sc\ual  Sel tct ion

TEFRITORY COPULATION
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| 4'l

z

4

f l r
i a

z

2

-l;;^."-r""--\..**
N O E P € N D E N  I

T I M E

Fipr.7.3. Htpothetical cunlulatiye parentdl itrresttttent ol a rrrole and a le-
ntale b d in their oflspri ! at a lunctktn ol | in.. Territory dcfense:
Male delends alea lol leeding and nest huilding. Copulation and
eggJaying: f emale .onmits her eggs ro nnle *ho cotnmits his dt-
le ded nest to the fenfile- Incubalioni Mdle itruhates cggs ,,thile
lentale doe.r nothing rele|ant to ofrspring. Feeding of young: Each
parcnt lceds young but lemale does to at a more rapicl rate

inrp()rtunt in deternrining the adaptiveness of abandonntcnt, frctors such
as thc opportunities outside thc pair for bleeding and thc cxpected shxpe
of tlre dcserter's investment curve if hc docs not descrt. If thc mrle's invcst-
nlcnt curve does not rise much after copulation, then the fenale's chances
of raisiDg the young alone wil l be grcuter nd the time wirstcd by the male
investing nroderalely in his ollspring may bc better spe'lt storting a new
brood.

Wh{t arc the possible rcsponses of thc deserted individual? lf thc nrale
is rlescrted bcforc copulation, he has no choice but to attempt to start the
process over again with a new fcmalc; whatevcr he has invested in that fe-
nralc is lost. If eithcr partner is descrted irfter copulation, it has three
choices. (l) It can dcsr'rt the cggs (or eat them) and atlempt to brccd
again with anothcr matc, Iosing therchy all (or part of) the init ial invcst-
mcnt. (2) It can attempt to raise the young on its own, at the risk of over-
excrtion and failure. Or, (3) it can attempt to induce another partner to
hclp it raisc the young. The third alternative, if successful, is the most
adaptive for it, but this requires deceiving another organism into doing
somethiDg contrary to its own intercsls, and adaptations should evolve to
guard individuals fronr such tasks. lt is dif l icult to sc.e how a nrale could be
succcssful in dcceiving a new femalc. but if a female acts quickly, shc
might fool ir nrale. As timc gocs on (for example, once the cggs are laid),
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i t  is unlikcly thlt a male could casily be foolcd. Ihc femalc could thus be
programnrcd (o try thc thi(d stratcgy first, aod if j t failed, to rcvcrr to thc
first or sccond. fhe male deserter gains most if thc femalc succaeds in the
third stratcgy, nothing if she chooses the 6rst strategy, and possibly an
internrcdiate vulue' if shc chooses thc second srrat€gy.

If nc-ithcr partDer descrts at the beginning, then as time goes on, cach in-
vests more and more in the young. 'fhis 

trcnd has sevcral conscqucnces. On
the onc hand, the partncr of a descrrel is nrore cup:rblc of f inishing the task
alonc and natural selection should favor its being more prcdisposcd ro rry,
because it has nrore to los€. On the other hand, the deserter has nrorc to
lose if thc partncr fails tnd lcss to gain if the partner succeeds. Thc bal-
ance betwccn these oppesing faclol.s should depend on the exact form of
the cumulative investment curves as well as thc opportunitics for furthcr
breeding outside thc pair.

There is another effect with time of thc increasing investment by both
parents in the offspring. As the investments increase, natural sclection may
fayor either partner dcserti lg even if onc has invcsted ntorc in thc young
than thc other.' l 'his is bccausc thc descrtion may put the dcscrted partner
in a cruel bind: he has invested so much that hc loscs consirlerablv if he
also descrts thc young, even though. which should nrake no dil lercnce t<r
him, the partner would lose evin Inore. The possibil i ty of such binds can be
il lustrated by an analogous situation dcscribed by Rowley (1965). Two
neighboring pairs of wrens happcned to ftcdge thcir young simultancously
and could not tell their young apart, so borh pairs fed all six young inrl is_
criminately, unti l onc pair "dcserted" to raise ano(hcr brood, leaving their
neighbors to fecd all six young, which thcy did, evcn though this nlcant
lhey werc, in etlccl, being laken advantage of.

Birds should show adaptatitxs ro avoid being deserted. Fenralcs, in par,
ticular, should bc ablc to guard against males who wil l only copularc and
not invest subscquent parcntal effort. An instance of such an adaptatlon
may be found in the red-necked phalaropc, phaLaropus lobatw. ln phirla_
ropes the male incubatcs the eggs alonc and alone carcs for rhc young after
hatching (Hiihn 1967, Johns 1969), so thlr a graph of cumulative parcntal
invcstmcnt would show an inlit ial )arge female investn)enr which iheu re-
mains the same through rime, whereas the init ial male invcstment is nil
and increascs steadily, probably to surpass thc fenrale investnrent. Only the
female is vulnerable to being descrte<l and rhis right after copulation, srnce
any latcr descrtion by the malc costs him his investment in incubation. thc
young being almost certain io pcrish. Tinbcrgen ( 1935) observed a f, jmale
vlgorously courting a male and then flying away as soon as hc responded
to the courtship hy attempting to copulatc. This coy pcrformrncc was rc-
peated numerous times for scvcral days. Tinbergen attribured it to thc
"waxing and waning of an instinct," but the behavior nray hlvc been a test
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of the ntale's willingness to brood thr: fcntale's eg;s The ntale undcr obser-

vation was, in fact, alrcady brooding cggs and was courled whcn he left

thc cggs to feed on a nearby pond. In order to view a complcte cgg-laying

sequ;e, Tinbergen destroycd the clutch the male was brocding Within

a ialf day tbe female Permitlcd the nrale sexual acccss, and he subse-

quently b;ooded her eggs The important point is that the fcmale could

,,ppu."ntty tell thc dif ieience betwecn a free and an encumbered male' and

sire wirhhelA scx from the lattcr' Courtship altcrnating with fl ight may trc

thg test that reveals the male's truc attachments: thc test can shbw' for ex-

amDlc. whether he is free to follow thc female'

it i t l i t"ty lhat many adaptations exist in monogamous specics to guard

against desertion, but despite cvidcnce that desertion can be common

(Rowlcy 1965) no one has attempted to analyzc courtship with this danger

in nrind. Von llaartnlan (1969) has revicwed sonle evidence for adaPta-

tions of fcnlales to avoid bcing malcd to a polygynous nrale, andrbeing so

mated is some(imes exactly equivalent to being dcscrtcd by the male (von

Haar tn )an .  1951 )  .
External ferti l ization requircs a synchrony of behavior such that the

male can usually bc certain he is not attempting to fe i l i2e previously

ferti l izcd eggs. With thc evolution of intcrnal ferti l ization (he malc canflot

be so certain. For many sPecics (for ex:rmplc, most mammals), the distinc-

tion is not important because the male loses so l itt le by attcmpting to ferti l-

ize prcviously: ferti l ized eggs Wherc male parental care is inv$lved, how

eve;. lhe nlalc runs the risk of being cuckolded, of nising another male's

offspring. For Figure 7.1 it was assumed that the pair copulated with cach

other and eirch other only, but the male c:ln usually not be sure th^t such

is thc cirse and what is Eraphed in such a situation is thc male' 's invcstmelrt

in the lemalls oilspring Adaptations should evolve to help guaranlce that

the femalc's ofispring are also his own, but thesc can partly be countcred

by the evolution of more sophisticatcd cuckolds.

Onc way a male can protect himself is to cnsure that other males keep

their distancc. That sonle territorinl aggrt'ssion of monogunlous -nlalc birds

is devotcd to protecting the sanctity of thc pair bond secnrs ccrtain, irnd hu-

man male aggression toward real or suspcctcd adulterers is often extreme'

Lee (1969), for cxample. has shown that, whcn the cause is known, the

major cause of fatal Bushman fights is adultery or suspected adultery ln fact'

l imite,j data on othcr hunter-Satherin6l groups (including Eskimos and

Australian aborigincs) indicate that, while fighting is relatively rare (rn

that organized intergroup aggrcssion is infrcqucnt), the "murdcr rate" may

bc relaiively high. On examination, the murdcrer and his victim are usually

a husband and his wifc's real or suspected lovcr' In pigcons (Coluntltu

livla) a ncw male arriving alonc at a nocturnal roosting placc in the fall is

attacked day after day by one or morc rcsident males As soon as the samc
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male appears with a mate,
(Trivers, unpublished data ),
thrcatening than a paired one.
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the two arc treatcd nruch nrore casually
suggesting that an unpaircd nrale ts morc

Palenlal Inr,(sl ' ,ent antl Sexual Seleclion l5l

It is difficult to detcrmine accurately the sex ratio for any species 
'I'he

most scrious source of bias is th:rt mulcs and fcmales often make thcnl-

selvcs differentially availablc to the observer. For cxample, in small mam-

mals scxual selcction seems to havc favolcd nalc attributcs, such as high

mobility, that tcnd to result in thcir dif iercntial capturc (Beer, Frenzel, &

Macl-eod 1958, Myers & Krcbs, 1971). lf onc vicws one's capture tech-

niques as randonrly sampling the existing poPulation, one wil l concludc

that males are more numetous. If onl] views one's capture techniques as

randomly sampling thc efiects of mortality on the population, then onc

will conclude that males are morc prone to mortality (thcy are captured

nrore oftcn) and thereforc are less numerous. Neither assumption is l ikely

to be true, but authors routinely choose thc fornrer. Furthermore' it is often

not appreciated what a large samplc 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 examplc, does not deviate significantly from a 50/50

ratio. (Nor, allhough this is almost ncver pointcd out, does it differ signifi-

c.rntly fronr a 38/62 ratio.)
Mayr (1939) has pointed out that thcre are numcrous deviations from

a 50,/50 scx ratio in birds and I believe it is l ikely that, if data were

sufficiently precise, most species of vertebrates would show a significant

deviation from a 50/50 sex ratio. Males and femalcs differ in numerous

characteristics relevant to their difierent reproductive strategics and these

charactcrs are unlikely to have equivalent effccts on survival Since it is

not i ldvantageous for the adults of each scx to havc availablc the same

number of adults of the opposite sex, therc wil l bc no autonratic selective

agcnt for kceping deviations from a 50,/50 ratio small '

A rcview of the uscful l i terature on sex ratios suggests that (except for

birds) whcn the sex ratio is unbalanced it is usualiy unbalanced by thcre

being more fcmales than males. Put another way, males apparently havc

a ten<iency to su{Ier higher mortality rates than females This is true for

thosc dragonflies for which thcre itre data (Corbet' Longheld, & Moore

1960). fcx the house lly (Rurkstein 1959), for most f ish (Bcverton & Holt

I959) ,  fo r  scvera l  l i za rds  (T ink lc  1967,  l {a r r i s  1964,  H i r th  1963,  B la i r

1960, Trivcrs. discussed bclow) and for many mammals (Bouliere & Ver-

schurcn 1960, Cowan 1950, Eisenberg 1965, Robinctte et al l957' Bcer'

Frenzcl. & Maclcod 1958, Stephcns 1952, Tyndale-Biscoc & Snith' 1969,

Myers  &  Krebs ,  1971,  Wood 1970) .  Hnmi l ton  (1948)  and Lack  (1954)

havc rcviewed studics on other animals suggcsting a similar trend Mayr
(1939) points out that where thc scx ratio can be shown to be unbalanced

in nronogamous birds there are usually fewcr fetnales, but in polygynous or

p.,rnrircuou. birds there are fcwer males. Data since his paper confirm this

hnding. This result is particularly interesting since in all othcr groups in

which males tsnd to be less numerous monogamy ls rare or nonexlstent'

I have argucd abovc that a fcmale riescrtcd imnlcdiately after ccrpura-
tron may be adapted to try to induce another male b hclp raise her young.
This factor implies adaptations on the part of thc malc to avoid such il fatc_
A simplc method is to avoid mating with a female on first encounrcr, sc_
qucster her instead and mate with hcr only after a pirssagc of t ime that rea_
sonably_ excludes her prior impregnation by another maie. Ccrtainly males
guard their femalcs fron othcr males, and there is a striking dificrence bc-
tween the lack of preliminaries in pronriscuous birds (Scotr I942, Kruijt &
Hogan 1967) and thc sometimcs long lag between pair bonding unu 

",rpu_lation in monogamous birds (Nevo 1956), a lag which usual' iy seems to
servc other functions as well.

Biologists have interprcted courtship in a l imited way. Courtship rs seen
as allowing the individual to choose the corrgct specie.s and scx. to ()ver_
comc antagonistic urges and to arousc onc's partncr (Bastock 1967). Thc
above analysis suggests that courtship should also be interpleted in tcrms
of the necd to guard onesclf from thc sevcral possibil i t ies of maltrcatmcnt at
the hands of one's mate-

Dillerential Mortality an(l the Sex R.ttio

Of special interest in understanding thc eliects of sexual selection arc ac-
curate data on diflcrential mortality of the sexes, espccially of immature
individuals. Such data are, however, among the most dimcult ro gatber,

:19, lh: ^l:O']tJtd 
dara. atrhough important, arc scanty (for exampte,

En len i940.  Hays  1941,  Chapman,  Cas ida ,  &  Cote  tS :A,  Rob inc t te  e t  a l .
I  v r  / .  Cou lson 1960.  Po s  1969,  Dar lcy  1971,  Myers  &  Krebs  l97 l  ) .  As  a
substitute one can make use of data on sex ratios within givcn agc classes
or for all age classes takcn togcther. By assunring that theicx ratic, at con_
ceptron (or, less precisely, at birth) is almost exactly 50/50, significant
leviations from this ratio for any age class or for all taken iogethei-shoutd
rmpry crfferentrat mortality. Where data exist for thc sex ratio at birth and
where the sex ratio for the entire local population is unbalancecl, thc scx
ratio at birth is usually about 50/50 (see above refcrcnces, Selander 1965,
Lack 1954). Furthermore, Fisher (1958) has shown, and orhers retined(I eigh 1970), that parents should jnvcst roughly equal energy in each scx.
Since parents usually invest roughly equal 

"n".gy 
in cach- individual of

each sex, natural selection, in the absence of unusual circumstances (scc
Hamilton 1967), should favor approximately a 50/50 scx ratio ar con-
ceDtlon.
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'l'herc is a tendcncy among biologists studying secial behaviot to regard
the adult scx rutio as an indep€ndcnt variablc to which the species rcacts
with appropriate adaptations. Lack (1968) oftcn interprets s<xial behavior
as an adaptation in part to an unbalanccd (or lalanced) sex ratio. and
Verner ( 1964) has summarized other instances of this tendency. The only
rncchanism that wil l generate dil lerential mortality indepcndent of scxual
dilTerences clearly related to parcntal investmcnt and sexual sclection is
the chromosomal mechanism, applicd cspecially to hunans and other
mammals: the unguarded X chromosonre of thc Inalc is prcsumcd to pre-
dispose him to higher mortality. This mechanism is inadequate as irn ex-
planation of differential mortality for three rcirsons.

l. The distribution of differential mortality by sex is not predicted by a
knowledge of the distribution of sex determiDing rnechanisms. Both sexcs
of f ish are usually homogametic, yet males suffer higher mortality. Fcmale
birds arc hetcrogametic but suflcr highcr mortality only in monogamous
species. Homoganretic male meal moths arc outsurvived by their hctcro-
gamctic femalc counterparts under laboratory condi(ions (Hamilton &
Johansson 1965) .

2.'I 'heoretical predictions of the dcgree of differcntial mortali(y ex-
pected by males due to their unguardcd X chromosome are far lower than
those observcd in such manmals as dogs, cattle rnd humans (Ludwig &
Boost l95l ). It is possible to imagine natural selection favoring the hetcro-
gamctic sex determining mechanisrn if the assNiated dil lcrcntial mortality
is slight and balanced by some advantagc in dif lerentiation or in the holrro-
gametic sex, but a large morlality associated with hetcrogarny should
be counteractcd by a tendency toward both sexes hecoming homogunretic.

3. Careful data fol humans demonstrate that clstratc males (who

renririn of coursc hetcrogametic) strongly oulsuryive a control group of
males sinti lar in all othcr rcsl)ects and the earlier in l i fc thc castrution. the
greater the increase in survival. (Hanrilton & Mcstlcr 1969). The srntc is
true of domestic cats (Hamilton. Hamilton & Mcstler 1969), bur not of a
spccies (meal moths) for which there is no cvidence thrt lhe gonads rre
implicated in scxual dil lcrentiation ( Hamillon & Johansson 1965 ).

An Adaptive Modcl <tl DilJerenrial Mortality

To interpret the mecning of bllanced or unbrlanccd scx ratios one needs
a comprehensive framework wjthin which to view lifc historical phenom-
ena. Gadgil & Bosscrt (1970) have presentcd a modcl for the adlptive
inte.pretation of dil lercnces bet\{een spccies' l i le histories; for example, in
the age of f irst brecding and in the growth and survival curves. Although
they diii not apply tbis model trr sexual differences it thcse Prrameters,

Parenlal Inrestmen! arul Setual Seletl irtn 
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their m<xJel is precisely suited for such dilTcrences Onc can'-ifl-efied' trcat

the scxcs its if they werc differcnt spccigs' the opPosite se;r being a resourcc

relcvaot to producing rn"^'rnurn. ti-tuiuing offspiing 
"ll 

tllt-:l1: t"*"t"

"s1xcics" usually dilTer from ntat" 't'"ci"i in that fenalcs comPDte itlnong

thcnrselvcs for such rcsourccs * t"<ri-i"t not for members o"f 
l:: :peosit'e

sex, whereas malcs ult imatcly. cotp"tt t 'nry for members 
:l :n:..:ooo't '"

sex. all otber fornrs of compctrrr". ir"t.tt"rp"t""t only in:ofur r\ thcy af-

-il|'.in:[]':T:':lill'li"t"ri', bv sex one necds to correrato-dillor.nt

-rr.o""rj j" .,r","gies with mortality, thal is, one musl^show how a grven

reoroductivc \lralegy entails 
" 

g';t""itu of rnortrl i ty One crn do this by

;:[ffi';"il;;;i" "'"""' insj r"' tt'.' lirst brcedins sc-a1o1.1s. a runc-

i.i""i'i"ni.u".,,".'o"': -:".Tlliu" :Jllli,'iil,'i,ill,;,"11:l ili:lil*,
the diminution in future reproonr;; 

;;;i;l show rhxt the reproduc-
seasott reptoductive \uccels ((Jlqg'r ail: 

:: l*i.^--; ,; nee.l ro convcrl
;;" 'r,,t; of r givcn efftrrt dcclines wilh cpe hcncc th: 

:::: ' .1",

future reproductivc success ro comparabte units ) Fol simplicity I assume

thlt rhe diminuti)n, D, resurrs 
";;;;: ' , 

i ;". mortulity. bctwccn thc-first and

:::.il *;;i;;'"1':* T1.'illii':;.::li' il:"X,:l'il"H:T"::"::.1
lrtDr yclrr ( indr.rced by reproot

which would not change tr,. rorn]-ot ih" analysis, or.it could result_from dc-

:;:;J';;t;;1" t"J"o in rt'" sectxd (or still later) breedins scason'

whiclr sometimcs cxcurs but *hi; i; probably mirror 
-comparcd 

to thc

;;;',;';-;;; - "r:11Y.::i.1XU:: ffl i;:lill:;l'i:li ;:
long irs one ' lss{lnles thit  nlalcs,

:;,:; ;;n;t rhcv surrer 'n'' t',J,:llf 
:l'Jil;,.* ,. the nrst breedins

Natural sclection favors an 
nct repro,

'",, ' , ' ; ,; ,"f," ' lutt i"t cfiort ( Rl- ) that rcsulls in' 
" l"t: l : l :t.]

:';':il:;;i;ini-:1'*,;1;^l"i:.":Ji::l',',::::;l'.'.""1f i::"
ffi::!. ?;::!ii:1l:?lT:"'ril Is"ril;*i * :;il.''l; .'li il;
i::::1":'T:i::l t J;TlSlt ;gg_1",il:I";i*i,r: *".":.'["$1:
scason Likcwisc, bY a tr lvlal n

",",.u,n",.n"*','l':li'"^.111'::l';r'::","""'""X':TJ;.1i.::liT':ilJl
;l:[iir"t::]llllt'llJlllJ'i ;;;ns the cost in survivar-or dcvcrop-

ing during thc juvenile pt"crA 
'tt ' i t iO*"t 

relevant to adult reploductive

succcss.
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rn thc first brecding scason r



males invest very l itt le parental carc. 'fhe 
RS function is givcn a sigmoidal

shape for thc following reas<rns. I assumc that at low valucs of RE. RS in_
crcascs only vcry gradu:rl ly hecausc somc inves(mcnt is ncc(,s\dr) Ju\l t| 'init iale rcproduclion (for example, enlarging the ,eproductive organs). RS
lhen increases more rapidly as a function of RE but wirhout aJhievrng a
very steep slopc. RS linallv levcls ofT at high valucs of RE because ol in_
creased inefl lcicncies therc (for examplc, inefficiencies in foraging; see
Schoener I97l ). I have graphcd rhe value, f, at which net reprodultive suc-
cess for the female reaches a maxinlum. Technically, duc to conrpetrtion,
the shapc of the RS function for any given fernale will dcpend partly on
the reproductive eflort devotcd by other fcmales; the graph thcrefore as_
sumes that other females tcnd to invest near the optimal vllue. f, but an
important featurc of a female's RS is that it is not strongly d!,pcndcnt on
Ihe RE devoted by other females: thc curve would not gicatly difTer if all
othcr fcmalcs invested much more or less. I have graphcd D as a linear
function of RE. So doing amounts to a definit ion of ieproductivc ctiort,
lhat is, a given incrcmenl in reproductive effort during ihc first breeding
season can be dctcctsd as a prortortionately incrcased chancc of dying bc_

t54
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RS

D

t
REPRODUCTIVE EFFORT

Figure 7.4. Female reproclucti|e suc<:ess tluring the lirst brc.,litry rfdro, (RS)
and dininution ol luture reproductire suc(:(ss (Dl as lunoon.r
ol reproductive e/Jo .luring fir.rt breedin!:. D i:, tneasured in units
ol list hreeding ( jc. text\. A I f the net repto<luctitc .tut.(?s!t r?a(.tt?s
a maaintum. Specils is on. in which there it vcry little nalc parental
investne t,
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REPROOUCTIVE
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Figure 7.5. Same 6 Figure 7.4 etccpt thdt it isdrawnlor the nale instead ol tlt"

lemole Al m the net reproductive success reaches a nwtimum'

tween the first and second brecding scasons Note that rcproductive effort

for the fcnirle is essentially synonynous wilb parenlal investmcnt'

Male RS difiers fronr fernalc RS in two inrportant ways, both of which

stcm from sexual selection ( 1) A male's RS is highly dependent on the RE

of othcr males. Whcn other males invest heavily, an individual malc wil l

usually not outcomPete thcm unless he invcsts as much or more A con

siderallc investmcnt that is slightly below that of other malcs may result

in zcro RS. (2) A male's RS is potentially vcry high' much higher than that

of a conspccifrc female, but only if he outcompctes other males Therc

should exist somc factor or set of factors (such as size, aggresslveness' mo-

bil ity) that correlates with high nrale RS' The efiect of compctit ion be-

tween nrlles for fcmales is selection for increased male RE, and this sclec-

tion wil l continuc unli l greater male than fenrale RE is selectcd as long as thc

higher associaled D is oflsct by the polenlially. vety 
l isl 

RS This rrgu-

,nlnt i, g.uptttO in Figure 7.5, where the steep slope of RS rcflects the high

lnt .u.tiln ietween one male's RS and the RE of the other males Note

that thc argumcnt hcre dcpends on the existencc of a set of factors corre-

I,*a *i,t i igt nrale reproductive success lf thcse firctors exist' natural

t. i.", i." *iff 
"pr.ai.pose ihc mul" to highcr rortality rates than 

.the 
fenrale'

Wh"r" u n,ul" 
""n 

achieve very high RS in a brecding season (as in land-

breeding reals, Bartholemew 1970), dif lerential mortality wil l be cor-

rcspondingly high.

J.
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The analysis herc applies to specics in which males invcsl lcss Darental
carc than, but probably ntore than one-half, wh:rt fcnrales invest. I assunre
that most monogamous birds are so characterized, and I havc l isted rea_
sons and somc data above supporting this assunrption. . l-he 

rcasons can be
summarized by saying that because of their init ial large investmenr, fe_
nrales appcar to be caught in a situation in which they ar.e unable to force
grcater parental investment out of the males and would be strongly se_
lected against if they unilaterally reduced their own parcntal invesrmenr.

Functions relating RS to parental investnrent arc graphcd for males and
females in Figures 7.6 and 7.7, assuming for each sei that the opposite scx
shows the parental invcstmcnt that results for it in a maximunr net repro_
ductive success. The femalc curve is given a sigrnoidal shapc for the rca_
sons that apply to Figure ?.4; in birJs rhc femalc.s init ial invcstment rn
thc_ e€gs will go for nothing if morc is not invcsted in brooding thc cggs
and feeding thc young, while beyond a cerlain high RE further i-n"r"nr"n,,
do not greatly allect RS. Assuming the fcmale invcsts the valuc, f. rnate RS
will vary as a function of male parcntal investnrcnt in i l  wty sinri lrr to fe-
mnle RS, except thc function wil l bc displaccd ro rhc |efr (Figure 7.7) and
some RS will be lost due to the cflects of the cuckoldry graphcd in
r  rsure  / .6_-Because 

males invest in parcntal care nlore than one-half what females

o

a
(I

f
RE

Figure 7.6. Fenale reprcdu(:tive success arul ditninution in luture repro.luctive
success as lunctions <)l reploductir,e eflort (RE) assuming ntale
reproductive eflo ol mt. Spacies is a hypotherital ,ur,rugou.,nu,
hird in which male.t invest stnnewhat less than JcDnlcr in par?ntal
care (see Figure 7.7 and 7.81.

fe  mo le

Parental Intestnettt  d d Se\ual Selecl ion

mo le

D
RS

m l

R  E  ( P A R E N T A L  I N V E S T M E N T  )
Figure 7.7. Male reproductive success and diminulion in luture rePrcdu'tive

:uccess as lunclions ol reProluclire eflort, cssunting lemale repro-
ductive elJort ol f. Species is satk as in l"i lure T.6 Reprodu(tive
aflort ol male is invested as parental c.tre in one lenale's oflspring
Nct r?producli|e stt.cess is a maxitrlum at mt.

invest and bccause the ollspring of a given fcmale tend to be inseminated

by a single malc, sclection does not favor nlales competing with each other

to invest in thc offspring of more than one female. Rathcr, sexual selection

only operates on thc male to inserninate females whose olTspring he wil l

not raise, especiirl ly if another male wil l raise them instcad. Since selection

presumably does not strongly favor femalc adultery and may oppose it ( if,

for example, detection leads to dcsertion by the mitte), the oppoflunities

for cuckoldry are l imited: high invcstment in promiscuous activity wil l

bring only l imited RS. This argument is graphcd in Figure 7.8. The prc-

dicted difierential mortali ly by sex can be had by comparing D (f) with

D  ( m r  +  m ? ) .
It may seem ironic, but in moving frotn a promiscuous to a monogamous

life, that is, in moving toward greater parental investment in his young, the

male tends to incrcas( his chtnces of surviving relative to the female. This

tendency occurs becausc the increased parcntal invcstmcnt disproportion-

ately decreases the male's RE invested in malc-male competition to insenrl-

nate fcmales.
Note that in both cases above diffcrential mortality tends to be selflimit-

ing- By altering the ratio of possible sexual partners to sexual competitors

diffcrcntial mortality scts up forces that tend to keep the dillerential mor-

tality tow. In species showing l itt lc malc parental investment dil lcrential

male nrortality increascs the averagc number of fsnrales available for those

nlalcs who survive. Other things being equal, this increase tends to makc

it more difllcult for the most successful males to maintain thcir relative ad-

| 5'l

o

C
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(I

I
I

N E T
REPRODUCTIVE
SUCCESS
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Figure 7.8. Male reproductive rlcccsr d.r/ diminution ol luture reprodu(tivc
rrcc.rj dr a function ol reprcductive elJort solelv devoted to pro,
tnis(trous heharior. Net reproducliv( JaacaJJ .r/ nla is a nrutt tttttt-
Same spetier a.r in Figures 7.6 and 7.7.

vantagc. In monogamous birds dif ierential fcmale mortality induces conr-
petit ion among malcs to securc at least one matc, thercby tending to in-
crease malc mortality. Such compctit ion prcsunrably also incrcases the
variance in male reproductive success abovc the scxual diffcrcntial cx-
pected from cuckoldry.

S P E C I E S  W I T H  G R E A T E R  M A L E  T H A N  I I T ] M A L E

P A R E N T A L  l N V F ] S ' I ' M E N l

Since the above arguments were madc with referencc to rclative parcntill
investmgnt and not sex, they apply to spccics it which malcs invgst more
parental cffort thrn fcmalcs, cxccpt that thcre is ncvcr apt to be a femalc
advantage to cuckolding othcr females, and this advantage is always alive
with malcs. Where females invest morc than one-half what males invest,
one would predict dif lercntial female mortality. Wherc fcmales invcst lcss
than one-half what males invest, one would predict cornpctit ion, and a re-
sulting diffcrential female mortality.

Male Mola Competition

Competition betwe€n males d<xs not nrcessarily end with the rclease of
sperm. Even in species with internal fertilization, competition between
sperm of dificrcnt males can bg an important component of male-male
competit ion (see the excellent review by Parker 1970b). In rars cases, com-
petition between males may continue after eggs are fcrtilizcd. For ex

Parenlal Inveslmenl and Sexual Sele<tion

ample an adult malc langur (Presbytis enlellus) who ousts thc adult malc

of a group may systcmatically kil l  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 clcarly disadvantageous

for the killed infants and their mothers, such bchavior, benefiting the new

male, may be an extrcmc product of scxual selection. Female nrice spon-

tancously abort during thc first four days of pregnancy whcn cxposcd to

the smell of a strange male (Bruce 1960, reviewed in Sadlcir 1967), a situa

tion subject to several interprctations including one based on male-male

competition.
Sperm competition may have inportant efiects on competition between

males prior to release of sperm. In those insccts in which latcr-arriYing

sperm take preccdcnce in fertilizing cggs, selection favors mating with a

female just prior to release of eggs, thereby increasing conpetition at ovu-

lation sites and inteosifying selection for a postovulatory guarding phasc

by the male (see Parker l97obcd, Jacobs 1955 ). I here concentrate on male-

nrale competition prior to the releasc of sperm in species showing vcry

litt lc malc parental invcstment.
The form of male-nrale competition should be strongly influcnced by the

distribution in space and time of the ultimate resource affccting male re-

productive succcss, namely, conspccific breeding females. The distributon

can be described in tcrms of three paramctcrs: the cxtent to which females

are clumped or disperscd in space, the cxtent to which thev are clumped

or disperscd in tirne, and the extent to which thcir exact position in space

and tinrc is predictablc. I herc treat fcnlalcs as if thcy arc i l passivc rc-

source for which males competg, but fcmale choice may strongly influcnce

the form of malc-malc competit ion, as, for exanlpl! ' , whcn it favors males

clumping togcthcr on display grounds (for cxample, S. Emlen 196ti) which

fcmales thcn search out (see bclow undcr "Female Choice").

D I S T R I B U T I O N  I N  S P A C E

Ccrvids differ in the extent to which fenlales arc clumpcd in spacc or ran-

clonrly dispcrscd (deVos, Broky & Gcist 1967) as do antelopes (Eisenberg

1965), and thesc dilTcrenccs correlatc in I prcdictable way u'ith dil lerenccs

in malc attributes. Generally male-nrale aggrcssion wil l bc th€ more scvere

the greatcr thc numbcr of fenralcs two males are l ighting over at any given

moment. Searching behavior should be more important in highly dispersed

species especially if the dispersat is contbincd with unpredictabil ity.

D I S T R I T J U  T I O N  I N  T I M f

Clumpcd in tinrc refcrs to highly scusonal brcedcrs in which mcny fenrales

becomc scxually available for a short period at thc same momcnt (for ex-

ample, explosive brccding frogs; Bragg 1965, Rivero & Estcvez 1969)'
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whilc highly dispcrscd brccdcrs (in tinle) arc species (such as clrimpan-
zecs; Van Lau'ick-G<xxlall 1968) in which fenrales brecd nrorc or less
randomly throughour the ycar. Onc ellccl of exlrenre clunrping is that it b€-
comes morc diff icult for any one nralc to bc cxtrcmely succcssful: while he
is copulating with one femrle, hundreds of othcr feuules irre sinrulta-
neously being inseninatcd. Dispelsal in time, at lcast when combined with
clumping in space, as in many prinrates, pcrnlits each male to competc lor
erch ncwly available fcnralc and ll lc sunre sma)l numbcr of uralcs tcDd re
peatcdly to inseninate the rcccptivc fernalcs ( DcVore I 9(r5 ).

P R D D I C ' I ' A B I L I ] ' Y

One reason males in some dragonflics (Jacobs 1955) rnay cornpctc with
cach other for female oviposition sites is that those are highly prediclable
places at which to find receptive fcmales. Indeed. males display several be
haviors, such as testing the watcr with the tips of their abdoDren, that ap-
parently aid them in predicting especially good oviposition sites, and such
sites cirn pcrmit very high male repfoductive success (Jacobs I955). In the
cicada kil ler wasp (.9plrcclrs tphccirtsus) males cstablish mating territorics
around colony emergcncy holcs, presunrubly because this is the most pre-
dictable placc at which to Jind rcceptivc fenrales (Lin 1963).

The three parunretcrs outl ined interact strongly, of coursc, as when vcry
strong clumping in tirnc may strongly reduce thc predicted effects of rtrong
clunrping in space. A much molc detailed classification of sJrecies with non-
obvirlus predictions would bc *elcomc. In thc absence of such models I
present a partial l ist of facbrs thilt should allect nlt le rcproductive success
and lhat may correlate with high male morrality.

S I Z E

Therc arc vcry fcw data showing the relationship bctween malc size and
repreductive succcss but abundaDt dtta showing thc relationship bctween
male dominance and reproductive success: for cxample. in elephant scals
(LeBoeuf & Peterson 1969), black grousc (Koivisto 1965, Sco( 1942).
baboons (DeVore 1965) and rainbow lizards (Harris I964). Sincc donr-
inancc is largely establishcd through aggression and larger size is usually
hclpful in aggressive encounters, ir is l ikcly thal rhe-(e dara partly rcveal
the rclationship betweel size and reproductive success. (h is also l ikely
that they rcflect thc relationship between expcricnce and reproductivc
success. )

Circumstantial evidencc for the imporlancc of size in aggrcssive en-
counters can be found in (he distribution of sexual sizc dintorphism and
aggressive tcndencics amoDg tetrapods. ln birds and namnals males arc
generally larger than fcmalcs and rnuch more lggrcssive. Whcre fenrales

Parc ta l  I  t  L 's lwnl  an. l  Seruol  \c lcc l i ) t r 1 6 1
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arc known to be morc agglessivs (that is, birds slrowing rcvcrsal in scx

rolcs) they are also largei. In frogs and ralamlndcrs fcnralcs lrc usttally

lr.g"i th"n males, and aggrcssive behavior has only vcry rarely bcen rc-

cordcd. In snakes, fcmales are usually larger thxn males (Kopstein l94l)

and agSrcssion is it lnlost ulrrcportcd. Apgrcssion has frcqucntly treen ob

.erueJletween sexually active crocodilcs and malcs tend to be largcr

(AIIcn Greer. pcrs<rnal conrmunication ). In l izards males are often larger

than fcmales, antl aggrt'ssion is comnlon in stltne fanli l ics (Carpentcr

1967) .  Ma le  i lggress ivcnc \s  i s  a lso  comn)on '  however '  in : \on lc  spec ie \  In

which fcmrles are largcr, for examplc, Sceloporus' (Blair 1960) Therc is

a trivial reason for the lack of evidencc of aggressiveness in nnst anrphib-

ians and rcptilcs: the spccies arc dimcult to observe and fcw behavioral

data of irny sott have bcen recorded. lt is possible, howcver' that this cor-

relation between human ignorancc and species in which Iemales are larger

is not accidental. Humans tend to be more knowlcdgeable abouf those

specics thitt are also active diurnally aDd strongly dcpendent on vision' for

ciample, birds and largc mammals. lt may be that male aggrossrvcness rs

more strongly seleclcd ln visually oricnted animals bcc!tlsc vision prtrvides

long-.nng" infora"tion on thc behavior of conlPetitors The nale can' for

exa?rple]easily observe anolhcr male beginning to copulate and can often

quickiy attempt to intervsnc (for cxamPlc, baboons' Dsvore 1965 and sage

grouse, Scott 1942).
Mammals and birds also tend towitrds low, 6xed clutch sizcs and this

may favor rclatively smallcr fcmales, since large female size may be rcla-

tively uninrportant in teprcxluctive succcss ln many nsh, l izards and sala-

maniers ferrralc rcproductive succcss as measured by clutch sizc is known

to corrclate strongly within specics with size (Tinkle, Wilbur & Til ley 1970'

T i l l cy  1968 ) .
Measuring rcProductive success by frequency of copulation,, I have

analyzed rnalc anil female reproductive success as a function of sizc in

Anolis garntani (Figures 7.9 and 7.10). Both sexes show a signifrcant posj-

tivc correlation betwccn size and reproductiv! ' success, but the trcnd in

rnalcs is significantly strongcr than thc trend in females (p< 01) Con-

sistent wirl i  this tcndency, nrales grow faster at all sizes than fcmales (Fig-

urc 7.11) and reach an adult wcight two and one-half t imes that of adult

females. Thc scx ratio of all animals is unbalanced in favor of fentales'

which woultl seem to indicate differential nrortality, but the factors that

might produce thc diflerence are not ktown Males are highly aggressivc

ani teiritorial, and largc males defend correspondingly large territories

with many resident females. No data are available on sizc and success in ag-

grcssive encounters, but in the ckxely rclated (and behaviorally very

iinri lar) ,4. I in(atLrpus,85 per cent of 182 disputes observed in the l ield

wcre won by the largcr animal (Rand 1967)' Females lay only onc egg at

a timc, but i i . t i t.ty that larger adult lemales lay eggs slightly more often
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Figure 7.9. Malc and letnate Anolis garmani copulatinl; lace clown lour
leet up thc rrunk ol a cocoatut tr?..  Phoro by Joseph K.
l_ong.
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Figloc 7.10. Reproductive raccess in male and lemale A. garmani ax d lunc-
tbn ol size. ReDrodu(lite success it nreasured hJ the rumber ol
copulalions observed per nuntber ol individuals (n1dlc or lettlale)
in each nonovc apping 5 nn size calegory Duld combincd Jront
l ive separate |isits to study area betwcen summ?r 1969 and sutn-
mer  1971 .

than smrller ones, and this may partly be due to advantages in fecding

through sizc-dependent aggressiveness, since hrgcr females wander signil i-

cantly more widely than smaller adult ones. An altcrnate interprclation

(based on ccological conpetition bctween thc sexcs) has lrecn proposcd

for sexual dimorphism in size among animals (Selandcr 1966), and thc

interplctation may .rpply to ,4 nolis (Schoener 1967)

M E T A A O L I C  R A T E

Certainly more is involved in dil lcrcntial male mortality tharr sizc, even in

species in which nrales grow to a larger size than fcmales. Although data

show convincingly that nutrit ional factors strongly aflect humrn male sur-

vival in utero, a sexual difference in sizc among humans is not detcctcd

until the twenty-fourth week after conception whereas difiercnces in mor-

tality appear as soon as the twclfth week. Sellcrs et al (1950) have shown

that male rats cxcrete four times the protein females do; the differencc rs

rcmovcd by castration. Sincc malcs su{Tcr more from protein-deficient

diets than females (they gain lcss wcight and su.vivc less well) thc sex-

tinkcd proteinuria, apparently unrclated to size, may be a f ctor i lr causing

lower r,rale survival in wild rats (Schcin 1950) (The connection bctween
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Figure 7.1 | .  | t tale atd lenab gtu)\r ' th rutet in A_ gxrmani ar a fun<-t iou ol ini
t ial  size ba!?d on tumnter 1970 recaptures ol onimats ntatked -1
to 4 nonths belore. A line has heen lifted ro each set ol dota; d
indicotes hote tnuch larger a nrale is *,hen u sitniLtr agc<l lenare
reachts se rual nuturi tv.

protcinuria and male reproductivc succcss is obscurc.) Again, although
hurnan nrale survival is morc adversely al lected by poor nutr i t ionl l  condi-
troDs than fernale survival,  Hrrni i ton (1948) prcscnts evidcncc thar r lrc
highcr nretabol ic rate of thc nralc is aD important factor incrcasing his
vulnerabi l i ty to many discirses which st l ike males morc heavi lv than fe-
mrlcs. Likgwisc, Taber & Dit\nri tnn { 1954) lrgue thlt  Er| j l ] tcr nrale rnor-
tality in the d,eer, Odocoileus ltntionus, results from a higher. metabolic
ratc High metabolic r l te could rclale to both aggressivencss and scarching
behavior.

E X P E R I E N C E

If rcproductive success increases more rapidly in one sex than the othcr as
a function of age alooe (for examplc, through age-dcpendcnt cxperience),
t lren onc would expect i l  postpenetnent of sexul l  nraturi ty in that scx and
a greater chance o{ surviving through a unir of t ime than in the oppositc sex.
Thus ,  t he  adu l l  sex  ra l i o  m igh r  be  b iasc t l  i n  f avo r  o f  t hc  cu r l r e ' r :  n r : r l u r i ng
sex but the sex ratio for all ages taken together should be biascd in favor.
of the latcr maturing sex. Of course, i f  rcproductivc succcss for one scx
increases strongly as a function of expericncc and experiencc only paftly

ROBERT L .  TRIVERS Paret al In\,6tnent and Serual Selett ion 1 6 5

corrclatcs with age, then the sex may bc wil l ing to suffer increascd nlortality
if this mortality is sulficiently ofisct by increascs in experiencc. Selander
(1965) has suggcsted that the tcndency of immaturc male blackbirds to
exhibit some nlature characteristics may bc adaptive in that it increases
thc nralc's expcdence, although it also presumably increases his risk of
mortality.

M O B I L I T Y

Data from mamnrals (revicwcd by Eiscnberg 1965 rnd Brown 1966) and
fronr somc salamanders (Madison & Shoop 1970) and numcrous l izards
(Tinklc 1967 and Blair 1960) suggest that males often Gcupy larger home
rangcs and wander more widely than females evcn when males are stnaller
(Blair 1965). Parker (l97Oa) has quantif ied the importance of rrrobil ity
and searching behavior in dung flics. If females arc a dispcrsed resourcc,
then tDalc mobil ity nray bc crucial in exposing the nale to a large number
of availablc femalcs. Again, males may bc wil l ing to incur greater mortality
iI this is sumcicntly oflsDt by increascs in reproductive succcss. This factor
should only aflect the malc during thc brccding scason (Kikkawa 1964)
unlcss factors relevant to mobil ity (such as speed, agil ity or knowledgc o[
the cnvironment) need to be dcvelopcd prior to lhe reproductive scason.
Lindburg (1969) has shown that mircaque nlales, but not fcmales, chango
trc,ops nrore frcquently during thc reproduclive season ihin othcrwise and
thal this mobil ity increascs malc reproductive success as mcasured by frc-
qucncy of copulation, suggcsting that :rt lcast in this species, grcater
nrobil ity can bc confined to the rcproduc(ive (cason (scc also Miller 1958).
On thc other hand, Taber & Drsmann (1954) present evidcnce that as
carJy us six nronths of age male deer wander more widely frcm their nloth-
ers thxn fcnrules a dif lercnce whosc fuoctioD, of coursc, is not known.
Similar very early diffgrences in mobil itv havc bccn demonstratetl for a
lizard (Blair I960) and for several primates, including man (Jcnsen,
Bobbitt & Gordon 1968 ) .

Female Choice

Although Darwin (1871) thought fentale choice an inrportant cvolu-
tionrll force, most writcrs since him have rclegated it to a trivial rolc
(Hux ley  1938,  Lack  1968;  bu t  scc  F isher  1958,  and Or ians  1969) .  Wi th
notablc cxceptions the study of fcmale choice has l imited itself to showing
tb t females are selected to decide whcther a potenlial partner is of the
right species, of the right scx and sexually mature. While the adaptivc
value of such choices is obvious. the adaptive valuc of subtler discrinrina-
tions lmong broadly appropriate nales is much more diff icult to visualize
or documcnt. (Jne needs both theoretical arguments for the adaptive value
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of such fcnrale choicc and dctailcd data orr how fcnralcs choose. Ncithcr
of these criteria is met by those who casually ascribc to fcnrale (or malc)
choicc the evolution of such traits as the rclativc hairlcssness of both hu-
man sexes (tlershkovitz 1966) or (he l i lr 'gc sizc of human fenralc brcasts
(Morris 1967). I review hcrc thc()reticirl considcrations of how fcnalcs
nlight bc expcctcd to choosc i lmong thc:rvuil blc nreles, i i long with s<rrnc
data on how fcrDales do ch()osc.

S E I  E C T I O N  F O R  O T H E R W I S E  N F U T R A I -  O R

D I S F T J N C T I O N A L  M A I - F  A T T R I B U T E S

Thc effects of femalc choice wil l depcnd on the wrv fcrnalcs choose. lf
somc femalcs exercise a prcfcrence fol onc type of male (gcnotypc) whilc
othem mate al random, then other things bcing equal, selection wil l lapidly
favor the preferred nralc typr: and thc females with the prefercncc
(O'Donaf d '|-962). 

lt cach fcmale lras a specific inrage of (hc male with
whom shc prefers to Dtate and if t lrcre is lr dccrcasing probabil ity of a fc
malc mating with a malc as i l functi()n of his increasing dcviation fronr hcr
prcfcrred inage, then it is trivial to show th t sclection wil l favor distribu
tions of female preferences and rrrale lttr ibutcs that coincide. Fenrale
choice ciln genera(e continuous male changc only if ferrales choose by a
relative rather than an absolute critcrion. lhat is, if the-rc is a tendency for
females to sample the male distri lrution arrd to prefer onc cxtrcme (for cx-
amplc, thc more brightly cokrred nlir lcs), thcn sclecti()n wil l nlove tltc nlrlc
distribution toward tlre favorcd extrentc. After a oDc gcneration lag, t lrr-
distribution of femalc preferencr--s wil l also nrove loward a greatcr per
centagc of females with extreme dcsires. becausc thc granddaughters of fe-
tDales preferring the favorcci extremc wil l bc nrorc numerous than the
granddaughters of fenales favoring oth!-t malc attribules. Until counter-
vail ing selcction intcrvenes, this female prcfcrence wil l, as l lrst pointcd ()u(
by Fisber (1958), nrove both nrale attributes and fenr:rlc prcferenccs with
increasing rapidity in thc same direction. 

' l 'hc fernalc prcfcrence is capablc
of overcoming some countervail ing sclcction on thc nlale's abil ity to sur-
vive to reproduce, if thc incrcased reproductivc succcss of the lavorcd
mnlcs when mature ofiscts their chanccs of sur viving to reproduce.

There are at least two conditions under which onc might expcct tenrales
tct have bccn selected to prefer the extrslrrc nalc of x sample. When two
species, recently speciatcd, come together, sclection rapidly favors fenralcs
who can discriminate thc two species of nrales. This sclcction may favor ft '-
males who prefer the appropriate extrgnre of an available samplc, sincc
such a mechanism would mininrizc n ting mistakcs. The natLlral selection
of females with such a nrechanism of choice would thcn init iatc sexual
selection in the same direction, which in the absence of countcrvail ing
selection would move thc two male pheD()lypes furthcr apart than neces-
sary to avoid mating error.

ltdre lal I rcstmcnt atrl Sexual Serccrron 16'/

Natural sclcction wil l always favor fcmale abil ity k) discri|ninate male
sexual competence, and thc slfest way to do (his is to takc thc extrenrc ef
a sanrplc, which would lcad to runaway selection for male display. This
casc is discusscd in morc rlctail ttclow.

S t  L  I C T I O N  t : O R  O T H  I I - R W I S F ,  F I I N C ' ] ' I O N A L

M A L L  A I ' I  R I B U T E S

As in othcr aspccts of sexual sclection, thc degrce of malc investnrcnt iD thc
olTspring is important and should irf lcct thc criteria of femalc choicc.
Where the nrale invests l itt le or nothing bcyond his sex cclls, the fcnralc
has only to dccide which nalc ollcrs thc idcal gcnetic material for hcr olI-
spring, assuming that nale is wil l ing and capable of offering it. This ques-
tion can bc broken down to that of which genes wil l promotc the survival
of her offspring and which wil l lead lo reproductive succcss, assuming thc
offspring survive to adulthood. lmplicit in thesc qucstions may bc thc rela-
tion betwecn her gcncs and those of hcr mate: do thcy conplemcnt cach
othcr?

Wherc the male invcsts prrcntal cate. female choicc nray sti l l  involve thc
above questions of the malc's gcnetic c()nlribution but should also involve.
perhaps prinrarily involvc, qucstions of the rDalc's wil l ingncss :lnd abil ity
to bc e good parent. Will he invest in rhc offspring? If wil l ing, docs he
havc thc abil i ly lo contri l)ute Druchl Aglin, nrtural sclcction nray favor fe--
n)alc i l ttentivencss t() conrplcmenlnrity: do thc male's parr'ntir l bil i t ics
conrplenrcnt hcr owD? Can lhe two parents work togcthcr srDo()thly?
Wherc malcs invest considcrlblc parcnlrl carc, most of thc samc c(rnsider-
ations that apply to fcmalc choicc also apply to nlale choicc. 

'I-hc altcrnatc
criteria for fcmale choicc are sulrtnrarizcd in'fablc 7.1-

S I j X U A L  C O M P F ,  T L N C I

Evcn in males selcctcd for rapid, repcated copulations the abil ity to do so
is not unlirnited. After three or four successive ejaculations, fol cxarnple,
the concentration of sp,jrnrltozoa is very low in sonre male chickcns
(Parkcr, McKcnzie & Kernpster l9'10), yct nrales may copulate as often as
30 times in an hour (Cuhl 195 1 ). Like wisc, sprm is completely de plcted
in nit lc Dronphila t clat@gesto i lfter thc fi l ih consscutivc nr:Lting on the
same day  ( f )cmercc  & Kaufm n ' l  1941,  Kaufnrarn  & f )emerec  1942) .  Du-
ration of copulalioD is cut in half by rhe third copulation of it malc dung fly
()Ir thc same day and duratio|l of copulntion probrbly conelales with
sperm transferred (Parlcr 1970a). In sorne species females may be atrle to
judge whcther additional spernr arc needed (for examplc, house ll ies:
Rienrann, Moen & Thorson 1967) or whether a copulrtion is at leasr bchav-
iorally successful (for example, sea l ions; Peterson & Bartholomew 1967),
but in many spccies fcmales may guarantce reproductivc succcss by mat-
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T hlt 7 l.'l heorclical critcria lor lenu e <'hoira ol males

All spccics, but esf,ecially those showing little or no male parental investmenl

A.  Abi l i ly  ro fcr t i l izc eggs
( 1) correct spccies
(2)  correct  sex
( 3 ) maturc
(4)  sexual ly  competent

B.  Qual i ty  of  gcnes
( I ) abilxy of genes to survive
( 2) reproduc(ive ability of genes
( 3 ) comphnrentaritv of gencs

Only lhose species showing male parenlal inveshcnr

C. Qual i ty  of  parental  carc
(  I  )  wi l l ingncss of  male to invest
(2)  abi l i ly  of  male to invest
(3 ) complcmentarity of parental attributes

Port t l la l  In lestnt(nt  dnl  ,Se\ra l  Sele. l ion

ing with thosc males who iue most vigorous ir courtship, since thi\ vigor
may correlate with an adequatc supply of spernr and a wil l ingncss to
transfer it.

When the nlale is complctely deplcted, thcre is n() advlntage in his copu-
lating but selection against the male doing so should bc rnuch wcakcr than
selection against the femrle who accepts hirn. At intcrnlcdiatc sperm
lcvels, thc nralc nrxy gain something front copulution. bul thc frtnirlL.
should again bc sclected to avoid him. Since thcre is l i tt lc advantagc to thc
malc in conccaling low reproductive powers,0 colrclatio|r between vig,rr
of courtship i lnd spcrnr level would not bl] surprising. Fcmales would thcn
be selectcd to be arouscd by vigorous courtship. If secondary structurcs
used in display, such as bright feathers, hcighten the appearanca oI vigr)r-
ousness, thcn selection may rapidly accentuate such structures. Ironicallv,
the male who has been sexull ly most successful nl: iy not he idcal to matc
with if this success has tcmporarily deplcled his spcrm supply. Males
should not only bc sclccted to recover rapidly from copulirt ions but tn givc
convincing evidence that they have rccovered- lt is n()t absurd to supposc
that in sonre highly pronriscuous specics the most attractiv(- ntalcs nray be
thosc who, having already bccn observcd to matc with sevcral femxles. arc
sti l l  capable of vigorous display toward a femillc in thc process of
choosing.

G O O D  G E N E S

Maynard Smith ( 1956) has presented cvidencc that, given a choice, femalc
Dros<tphila subohscura discrinrinate against inbred malcs of that species
and that this bchavior is adaDtive: females who do not so discriminatc
leave about % as rnany viirble offspring as those who do. F;males nray

choosc on the basis of courtship bchavior: inbrcd males are lpparcntly un-
ablc to pcrform a st('p of thc typical courtship as rapidly as outbred nralcs.
Thc work is particularly interesting in revealing that dctails of courtship
bchavior may reveal a genetic trait, such as being inbred, but it suffers
from an arti l iciality. lf inbrcd males producc mostly inviable oflspring,
then, evcn in the i lbscncc of fcmale discrinrination, one wctuld exp€ct very
few, if any, inbretl malcs to be available in the adult population. Only be-
causc such nrales wcre nrtif icially selected wcre therc largc numbers to ex-
pose to fenrales in choice expcrimcnts. Had that sclcction continucd one

Aeneration further, fcnr les who chose inbred malcs would have been tlre
successful fcmales.

Maynard Snrilh's study highlights the problcm of analyzing the potential
for survival of one's partncr's genes: one knows of thg adull males one
meets that they have survivcd to adulthood; by what critcrion dcrs one dc-
cidc who has survivcd better? lf thc fcmale can judgc agc, then all other
things being equal, shc should choose oldcr males, as they have dcmon-
strated their caprcity for long survival. All other things may not be equal,
however, if old agc corrclates with lowercd rcproductivc success, as it docs
in sonre ungulates (Fraser 1968) through rcduced abil ity to impregnate.
If thc fe,nralc can judgc thc physical condition of nrales she cncounters,
then she can discrinrinitte against undernourished or sickly individuals,
since thcy wil l bc unlikcly to survivc long, but discriminat()n against such
individuals nrcv occur for other rcasons, such as tlre prcsurned lowered
irbil i ty of such nrales lo impregDate successfullv duc to tlre wcakcncd
condition.

ln sonre very rcstrictcd wilys it nray be possible to secorrd-gucss the
futurc action of naturrl selection. For cxamplc, stabil izing selection has
bcen demonstrated to bc a common forrn of natural selection (sec Mayr
1963 ) and under this form of selcction females nray be selccted to exercisc
their own discrimination against cxtrenre typcs, thereby augmenting the
cffects of any stabil izing sclection that has occurred prior to reproduction.
Mason ( I969 ) has dcrnonsrrated that females of thc Cirl ifornia Oirk Moth
discriminate rgainst nrales extreme io somc traits, but no one has shown
independent stabil izing sclc'ction for the same traits. l) iscrimination
ilqlinst exlrcme types mty run countcr (o selcction for divcrsityi the pos-
sible role of fcmale chojce in incrcasing or decrcasing diversity is discussed
bclow as a form of complementarity.

Reproductive success, indepcndent of ability to suryivc is easier for the
femalc to gaugc bccausc she can directly observe diflcrences in reproduc-
tive success bcfore she chooses. A striking fcature of data on iek bchavior
of birds is thc tcndency for females to choosc males who, through competi-
t ion with other males, have already increased their l ikelihood of mating.
Female choicc thcn grcatly augmcnts the effects of male-male competit ion.
On the lek grounds there is an obvious reason why this mly be adaptive.
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By mating with thc most dominant malc a fr--male can usually mate morc
quickly, and hcncc nrore safely, than if shc chooses a lcss dominant individ-
ual whosc attempts at mating often result in interfcrcncc froln nrore dom-
inant malcs. Scott ( 1942) has shown that ntany n)atirlgs with less dontinilnt
indivjduals occur preciscly whcn tirc more dominrnt individu;rls lrrc un,
able, either bccause of sexual cxhaustion or a long wail ing l inc, to quickly
servicc the fenrale. Likewise, Robel ( 1970) has shown that a dominant fe,
male prevcnti lcss dominant individuals lrom nrlt i lg unti l she has matcd,
presunrably to shortcn her stay and to copulrtc whilc thc donrinant nlalc
sti l l  can. A second reason why choosing to nlatg with more dominant males
may bc adaptive is that thc femaie' all ies he'r genes with thosc of a male
who. by bis abil ity to dominate other nralcs, hirs demonslralcd his repro-
ductive caprcity. lt is a common obscrvirt ion in cervids that lemales
placidly await the outconre of male strife to go wilh the victor. Devore
(1965) has quanlined thc importance of donrinance in male baboon scxual
success, emphasizing the high fre<;ucncy of intcrfcrcncc by olher milles in
copulation and thc tendcncy for female choicc, when it is apparcnt, to be
exercised in favor of dominant males. 

' l 'hat 
previ()os succcss may incrcase

thc skil l  with which malcs courl females is suggcsted by rvork on the black
grouse (Kruijt, Bossema and deVos, ia 2rz.rs ), irnd femalcs may preler
males skil l ful at courting in part becnusc thcir skil l  corrt-latcs with previrrus
succcss_

In many specics the abil ity of thc nrale t(] l ind rcccptivc fcnralcs quicklr
mity be nrore iDrportant lhitn any abil itv lo donlinale othcr malcs. If this is
so, then fcn] lc choicc may bc considcftrbl; simpli l ied: thc first nrale to
reach hcr estirblishcs thercby a prina {ocit, casc fr)r his reproductive
abil it ies. ln dung fl ies, in which females must |niitc quickly whilc thc dung
is  f resh ,  ma le  cour tsh ip  behav io r  i s  v i r tua l l y  nonex is ten t  (Parker  1970a) .
Thc male who first leaps on top of a ncwly arrivctl fenralc copulatcs with
her. l his lack of femalc choicc may also rcsult fronr thc prirnd locit' cxtsc
the first male cstablishes for his sound reproductivc trbil i t ies. Such l nrech
anism of ch<ricc ruay of course conflict with othcl critcria requiring a
sampling of the male populit ion, but in somc specics this snrnpling could
be carricd out prior to becoming sexually rcccptivc.

Thcre arc good data supporting the inllorl i lnce of conrplentcntarity of
Scnes to fenralc choice. Assortative nrating in thc wild has bcen dcmon
strated fer severrl bird spccies (Cooch & Br-'ardn'rore 1959, O'Donald 1959)
and disassortative mating for a bird species and a moth species (l,owrhcr
1961,  Sheppard  1952) .  Pet i t  &  Ehrman (1969)  havc  dcmonst ra ted  the
tendency in scveral Drosophilo species for females lo prcfer mating with thc
rarc type in choicc experiments, a tendency whiclr in thc wild leads to a
form of complementarity, since thc female is presunrably usually of the
common type. 'fhcse 

studies can all be explaincd plausibly in terms of
selcction for grcater or lesscr genetic diversity, the fcmalc choosing a male

Pdrcntal I r.tt,nrttt on,l .\etuul .Stlc<tfun l '71

whose gcncs coDrpleDcDt her own, producing an 'optin)i i l" diversity in the
ollspring.

G ( ) O D  P A R E N ' I '

Wherc nalc parcntal ciLfc is involvcd, fcnralcs ccrtainly sometimes choosc
malcs on the basis of their abil ity to contributc pircntrl cxrc. Orians
(1969), for cxanrplc. has reccntly reviewcd arguments i lnd data suggesting
that polygyny evolves in bi|ds when beconring (hc second nlltc of an al-
rerdv matcd mille providcs a fcnrale rvith grcatcr nralc pirtental contribu-
li{)n thrn bccoDring the nrst nratc of an unmatc't l nr0le would. This wil l bc
so, for exlmplc, if lhc alrcrdy nratcd male defends a tcrritory considcrably
supcrior to the unnrated malc's. Variabil ity in tcrritory quril i ty ccrtainly oc-
curs in nrost territorial sDecies. cven in those in which tL'rritories arc not
used for feeding. 'I ' inbcrgcn (1967), for examplc, has documented the
tcndcncy for central territories in thc black-hcaded gull to bc less vulner-
able 1o prcdation. If fcmales compete arnong fhemselvcs for malcs with
good territories, or if nralcs excrcisc choice as \\,cl l, thcn fcnralc choice for
parental abil it ics wil l again tend to augment intra-nralc conrpetit idr for the
rclevant resources (such as territories). The most ohvious Ioml of this sc-
Icction is the jnabil ity of ir nontcrritory holding malc to a(tract a fcmale

Fenralc choicc may play a rtt lc in sclecting for increascd malc parental
inlcstment. ln thc roadrunncr, 1or exanrple, f(D(l cirugirl b1'a nralc sccnrs
Io act on hinr ls irn irphrodisinc: hc mns lo a fcnrale and courts lrcr with
the food, suggesling thit the fcmale would nol usually nrirlc without such
r gift (Crlder 1967). J\' lale prrcntal carc invcsted aftcl clrpulution is prc-
sunrably not a rcsult of fe'nale clr()icc after copulation, since she no longcr
has anything to bargain with. In most birds, however, mil les dcfcnd terri-
torics which init ially attrlct the females (Lack 1940). Since malcs without
suitlble tcrri lorics are ulable to attract r nratc, fcnrale chQice may play ir
rolc in maintaining nalc tcrritori it l  behavior. Once a nrale has invested in
a tcrritory in order to uttri lct ir nratc his optious after copullt ins with hcr
may bc scvcrcly l irnitcd. Dliving th(] feDrale out of his tcrritort would rl-
nrost certainl) resul( in thc loss of his investnrcnt up unti l thcn. [[e could
cstablish anothcr tcrritory, and in sornc' spccics sonrc nrl lcs do this (von
Haartman l9-5 I ) , bul in many spccies this rrity lrc dil icult, lcaving him
with thc option of riding, nrore or less, the fenlale hc has rrlreirdy matcd.
I--cmalc choice, then. exerciscd be/orc copulation, muy indircctly force the
rnalc to incrcasc Iris plrcntal invcstment d//.,r copulation.

There is no reason to suppose that males do not compctc with each other
to pair with those fenrales whosc brccding potcntial appeirrs to be high.
Darwin (1871) argued that females within a spccics brccding carly for
nongcnclic reasons (such rs bcing in excellent physical condition) would
produce more oflspring than later brecders. Sexual selection, he argued,

I
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would favor rlales contpeting with crch othcr to pair with such fenlales.
F ishe l  ( l95 t i )  has  n ice ly  sunrmar ized th is  a rgunrcnr ,  bu t  Lack  (1968,
p. 157) dismisst's it as bcing "not very cogent," since "thc date of brceding
in birds has been evolved primarilv in rclalion to lwo dil lerent f irclors,
nantely thc food suppJy for thc young and thc caprcity of thc fcmltc to
form eggs." Thcsc facts are, of coursc. fully consis(ent with Da^vin': argu-
Irrcnt, sincc Darwin is mcrely supposing a dcvelopmgntal plastici ly lhal
allows fcmalcs to breed earlicr if thcy arc capablc of forrning thc cggs, and
data presentcd clsewhere in Lack (1968) support thc argument that fc-
nralcs brecding earlicr for nongcnctic reasons (such Js agr: or duration of
pil ir bond) are more succcssful than those hrccding Inter (sce alro, for cx-
ample, Fisher 1969, and Coulson 1966). Goforth & tsaskett ( t 971 ) hlve rc-
ccntly shown that dominant males in a pcnned Mourning I)ove population
preferenti l l ly pair with dominant femalcs; such pairs brecd carlier and
produce morc surviving young than less dominant pairs. lt would be intcr-
esting to hrvc dctailcd data front othcr specics rrn ths cxlent to which
malcs do corrrpctc for fcrnalcs with highcr bleeding po{ential. Mirlei arc
ccrtainly oftcn init ially aggressive to fenlales intruding in thcir tcrrrro!.lcs,
and this aggrcssivcness nray act as a sicve, adnritt ing only tltosc fcmalcs
whose high motivation correlatcs with carly egg laying and high rcproduc-
tive potential. There is good cvidencc that Amcricirn wonren tend to marry
up the socioeconomic scale, antl physical attractivcncss during adolcsccncc
f:rcil i t ir lcs such movemcnt (l i ldcr 1969). Unril rcccntl l '  such a bias in fc-
nlale choicc presumably corrcla(cd with incrcascd reproductivc \uccsss,
but thc value, if any, of fcnralc beauly for nrale rcproductivc success is
obscure.

l 'hc importitDcc of choicc by both fcrrrl le and nrlle for a ntalc wlro wil l
not dcsert I lor participatc in scx outsidc thc pair bond has bcen erlphasizecl
in an earlier section ("Descrtion and cucloldry"). The impottancc of
ctrmplcmcntarity is drxurnented in a study by Coulson ( 1966 ).

C R I T E R I A  O ' I H E R  T H A N  M A L t s  C I I A R A C T E R S

In many specics malc,male conpetit ion conrbint'd with the imporlancc of
some resource in lheory unrel0tcd lo nralcs, such ls ovipositiorr sitcs
may mitigate against femalc choice for male charactcrs. ln thc dragonfly
Parthenris t.tr.,ra males competc with cach other to contr()l terfiktries con-
taining good oviposition sites, probahly because' such sites are a predict-
ablc place at which to find receptive fcntales and becausc sperm conrpetr
tion in insects usually favors lhc last male to copulate prior to oviposition
(Parker I97Ob). It is clear that t l ' lc fcrnales choose thc oviposirion site nd
not thc malc ( Jacobs | 955 ) . and malc courtship is gearcd to advertise good
oviposition sites. A male maintaining a terri(ory containing a good ovipt'si-

I
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t ion site is f l(r/ thcreby con(ributing parental investnrent unless that Inain

tenr r r rcc  bcnc l i l s  lhc  rc :u l l ins  young
Fcrnale choice for oviPosition sites nllty bc an cspccially important detcr-

nioanl of rDalc conrpctit ion in thosc sltcic's. such as frogs lnd salanran-

dcl's. showing extctnal fcrti l ization. Such fcmitle choicc l lnlost ccrtninly prc

disp(Jscd thcse spccics b thc cvolutit ln of male perental invcstnlent-

Femalc choice for gor oviposition sitcs would tend to fl lvor i lny nl:rlc in-

vestmcnt in improving lhe sitc, and if altached to the silc to rttract other

females thc rnale would havc thc option of caring more or less for those

c8gs alr!-irdy laid. A similar argument was irdvanced ab()vc tor birds ln-

tcrnal fcrti l ization and developnlcnt lnit ig!te against cvoluti l)n of mrlc

parcntal care in mantnrals, since fcmale choice can thcn usuil l ly only oper-

ate to favor male courtship feeding, which in herbivotcs would bc nearly

vlrlrrclL::s. Fcntl le ch,ticc ntay i l lso lavol malcs who nli l lr. aw:ly from ovi

posil ion sitcs if so doing reduccd thc probrbil ity of prcdation

Where fcmalcs are clunrped in spacc i lrc cflects of n)i l lc compctit ion nlay

fr'ndcr fenralc choicc alnrost inrpossiblc- lrr a monkcy troop a fenralc pref'

cr! 'nc(' for a less dominant mllle nlay ncvcr lead to sexu3l congress if the

pair arc quickly ltroken up i lnd attl lckcd by more dominant malcs. Ap^

pirrcnl fcm le acquiescence in tlts rcsults of male nrale contpetit ion nlay

rcflecl this factor as much as the plausible femalc prcference for thc malc

viclor oull incd abovc.

. \u t l l |11a fy

' fhe 
rclative parcntal invcstnrent of thc sexes in thcir young is t ltc kcy

vlriable conlroll ing the opcratiQn of scxutl selcctir)n- Wherc onc sex :n-

vcsts consitlerably morc than the othcr. nrenrbers of the lattcr wil l competc
i)m()ng thcrnselvcs to n)at!- with mcnrbers of the formcr. WhL're invcslnlel)t

is e'rlual, scxual selcction should opcrntc sinli larly on thc two scxcs. The
pirltcrn of rclativc p{rental investment in specics today scctns strongly in-

Iluenced by thc early cvolutionary diffcrenti()rl into ntobile scx cclls icrti l iz

ing inrnrobitc ones, and sexual sclection rtcts to mold thl-i Patteln of relative
parcnlal invcstment. 

' I 'he time sequcnce of parcntirl inv!'stnlent analyzed

by scx is an importlnt pxrameter alTecting sPecies in wltich btrth scxcs in-

vest considcrable parental care: lhc individual inlt ially investing nlorc
(usuxlly the femalc) is vulnerablc to desertion. On thc other hand, in

specics with internal ferti l ization and strong nlalc parcntal invcstment'

the nrale is always vulnerable to cuckoldry. Each vulncrabil ity has lcd

to lhr' evolution of adaptations to decrcase thc vulnerabil ity and to

c{ runtt,r-adaptations.
Fc'rnales usually sull:r higher nrorti l l i(y ratcs thxn nlales in nronoganlous

birds, but in nonntonogamous birds itnd all other groups, males usull ly
!
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suflcf higltcr ratcs. Thc chrontosomal hvpothcsis is unablc to iccount for
the data. lDstcad. an adaptivc intcrprc(ation cln bc advancccl bascd on thc
rclativc parcntal invcstnrent of the scxcs. In spccics with l itt lc or no malc
p:trcnti l l  inveslment, sclcction usull ly favors nlale adaptations tha( lcad to
high rcproductivc succcss in one or nl()rc brccding seasons at thc cosl oI in-
crgascd nor(l l i(v. Malc conrpcti(ion in such spccics cuu only bc analyz-r, 'd
in detail when the distribution of fcuralcs in spacc and tim(' is propcrly
described. D!ta fronr l ield studies sugges( that in sorne specics, si/c,
nrobil ity, cxpcriencc and nretaboljc rate are important to rnrlc rcproduc-
live succass.

Fcnralc choice can augmcDt or opposc nrortalitv sclcction- Fcmale
choice can only lcad lo runeway chungc in nralc rnorplrology when fcnulcs
choose by a rclativc rather than absolute standard, and il is probublv sontc-
times adaptivc fol fernales to so choose. The relativc parcntal investment
of lhe sexes aflccts the critelia of fenrale choicc (and of malo choicc).
Throughout, I cnphasize thrl sexual selection favors dil lercnt nrale and
fcnrale rcproductive stratcgies nd tlr ( cvcn when ostcnsibly coopclJting
in a ioint task nrale and fcnrlle iotcrcsts arc rarclv idcnticrl.
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