CHAPTER ELEVEN
General Discussion and Conclugions

This final chapter beging with a synthetic account of red-necked
wallaby @onial  organization, and a comparison  of  reproductive
gtrategies and varianceg in reproductive success 1n the two sexes, |
then present a hrief comparative review of ccology and group S1ze 1in
macropods, which yields gome evidence for the importance of freeding
style 1n limiting group  size. Thig 12 follewsd by #ome wider
comparisonsg  and argumente  on  gex-ditfferences 1n  digpersal  and
philopatry 1n mammalz: on the role of home range overlap among femalses
in shaping  come fundamental characterigtice of male reproductive
behaviour: and on the influence of home range overlap among females an

the congecuiences of competit:on for resources between thenm,

11.1 Synthesis : social organisation of the red-necked wallaby
Although red-necked wallabieg 1n wmy study area have rather small

home rang (median=1%5.Z haj, the high density at which they live (on

<

es
average, 48 wallabies per ki “) ensures that their home ranges overlap
extensively. A simple caloulaticon - population density moltiplied hy
home range size, to give Damuth’'s (1981) & - ghows that the average
point on the ground at Wallaby Creek 1g8 covered v the home ranges of
just over ceven wallabies, or, equavalently, just over geven wallabies
live 1n an area the gi1ze of Tthe average wallaby s home range,
However, these geven-plug wallabies alwmogt never gather together in
one group, Groups of more than twos or three wallabies form very
rarely, and adultsg drift apart frecquently, o that even gmall groups
tend to be short-liverd., For all their ability to adapt to a range of
~limates, and their generalist’s approach to habitat choice (ag shown
by, amongst other things, the climatic breadth of their distribution
1n Auetralia, and their succese ag an introduced species eluewhere),

red-necked wallabies reach wunifcormly low levels of gregar1ousness 1
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all of the areas where thev havse heen ohzerved, and remain nearly
solitary even when living at high densities. FRelatively large groups
form move regularly during winter at Wallaby Creek than during summer
out these winter-time groups are loogely coordinated ard ungtable:
they probably result from the concentration of rthe wallahies on
shranking patches of greferred feeding habitat,

The strongezt relabtionzhip within wallaby society 13 that between
mothers and their pouch young, Young 1in the pouch are absolutely
dependent on their mothers, and when they leave the pouch for zhort
periods their mothers remain watchful, prevent them from following
shrange females, and facilitate tand often induce! their returr to the
pouch . Thig relationehip changesg 1ts chacacter when the mother
excludes her young from the pouch, and the responzibilaity for the
malntenance of  contact  between the two  ghifte towards the
young-at —-toot, The mother sti1ll plays a very amportart cole in
sugtaining the relationship, especially during the firegt monmth or two
after the infant leaves her pouch, when cshe seekz 1t out atter the two
have geparated in one way or another, and regularly grooms and eriffs
1, However, young-at-foot are more likely to follow their wothersa

than their mothers are to follow them, and differences hetween male

anddl female infantse 1n the pers

stence with which they follow thear

mothere correlate with the amounte of time they zpend with their
mothers ; males follow more closgely, and associate more often at thas
stage,

The difference betweern male and female 1nfantg 1n the frecquency
with which they associate with thelwr wmothers 1z accentuated n
subadulthood, when young nales are seen in yroups with their mothers
ap to four times as orten as young females, The relationzhip hetween
A male subadult and hig mother daminishes in strength ag the mother g
next infant. leaves the pouch, and 12 severed completely when the male
digperses, at two years of age. ODigperszal by males takes them weveral
home range widthg away from their mothers, Malex are not ohviously
driven out of their motherg’ home ranges by any other wallakies, but
appear Lo leave of their own volition,

Having digpersed, maleg smertle 1n ewall home ranges. Thev

associale  most  often  with  other zmall males: mogt  o¢f  thelr



interactions with theze other males result 1n fights, althougn small
males rarely fight asg intensely or as bitterly as larye malez., To
begin with, they are subordinate to almost all other malez, hut as
they continue to grow they hecome able to dominate sone other males,
and they establizh clear dominance celationzshipz with males zimlar to
themgelves imn g1ze as well as with digeamilar maleg,
Dominance-supordinance relationships betwesn closely-matched malesg may
at times be reverzed, and males interact more frecquently and become
more likely to initiate interactions with other males close to their
own rank ag they ascend the scale of body size and dominance ztatus,
Very large males who hold dominions - non-exclusive, discrete eéreas of
absolute dominance - rarely confront one another, but zelectively
interact with and aszert their dominance over males just below thelr
own rank, and thereby create a ceilling of aggression over the rect of
the male population., When one of thege dominant males disappears, the
nale immediately below him in rank may be able to step inmto hisz place,
Ag they grow in somal and phyzical stature, males extend their home
rangeg : thig may alsgo enhance their progpects for moving up inte the
first rank., Although domirion-holding wmales bave large, overlapping
home ranges, their dominiong are relatively emall, and digorete,

Males are strongly attracted to each female during the seven davs
before she permits anv of them to mate, and during thig pericd ghe 1s
followed by a group of up to seven males, Malez follow the female

moce clogely and in  larger numbers ag the day of her mating

m

approaches, and  the long  period of her heightened seRual
attractiveness practically guacantees that a very dominant male will
be closest to her when ghe becomss ready to mate, Thig dominant male
tolerateg the presgence of much zmaller males, provided they stay at
least ten metres from the oestrouz female, but, particulariy during
the first few daye of the female’ s oegtrug, he trieg to keep malec
nearer to hig own rank at least 40 metrez from the female,  Adult
males ace therefore placed into three broad classes : domimion-holding
("dominional " males, who, for the mozt part, face no serious threats
to their ability to retain sexuval access to cestroug females wuithain
their dominiong: "hachelor’ males, who are forced by dominional males

out of groups containing oestroug fewaleg: and “cecondary concorte’
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whose presence in groups with oestrous females 12 tolerated, although
they ares not permatted to interact with these females, Thige
atructuring of the male population, which emerges only around cestrous
femaleg, 1g enforced by the behaviour of the most dominant males,

Rlthough female zubadulrs spend tame with their mothecs than

do male gubadulte, they sgettle within their mothers’ home ranges, and

the azsociation bhetween mothers and daughters 1e maintainsd into the
daughter 's adult life. Groupe of wallabieg frecquently disintegrate
and re-form in varying combinations, but thig does not happen randomly
or chaotically., Females ngually agsormiate cegulacly with only one or
twe compamons, who are likely to e cloge relatives, while avolding
other femaleg who also usge home ranges overlapping their own, Pairs
of females who associate prefereniially are more likely to give birth
within two or fthree monthg ~f one another than are pairg of females
whe have overlapping home ranges hut exercise no preference for each
cther's company: they also gtay cloger together when n the same
GrOuUps,

klthough the reproductive fortunes of females vary with the types
of habitat in which they live, the most 1mportant determinant of a
female s breeding succesg appears to be the gtrength and number of her
social relationships with other femalez and with  subadultas, The
infantg of aocial females have much lower survaval ratee than the
infants of solitary females

regardless of local dengity, and females

who are gtill beiny accompanied by subadult offepring, =ong 1n
particular, are the least likely o produce surviving infants,

Thege contraste between the =zocial orgamesationg of females and
malez are matched by differences in the nuabers of offspeing that
meimbers of the two sexeg are potentially able to parent 1n a lifetime,
Given that very few wallabiesn of either sex live to 12 years of age
at

moat , ten years, during which they might give birth to 12 oftapeing,

isee Appendaix 1), females rcan hope for a reproducitve life of,
of whom only 40% (on average i will survive to adulthood - most remales
who reach adulthood probably produce noe more than three or four
survaving offspoing., I have good informaticn on the durationg of four
males’ terms as holders of cdomimions: using 1nformation on the nunbers

of femalez who lived within each dominion ducing thoge periods, 1



v
~J

eaxtimate that theze males conld have sired lifetimes totals of 5, 19,
24 and 36 offzpring each, Thege mumbers zhould be devalued by the 4%
Juvenile survival rate fto estimate the numbers of thege males’
ottspring to reach adulthood. The gimilar mambers of wallabies of
both sexes who die 1n infancy or subadulthood make no contribution to
the next generation, but becauge males do not become reproductively
artive until they are at least five years older than females giving
birth for the firet time and, ag judged by the gex ratioe of adulte
kppendix 1) ave more likely than females to die during those years,
1t zeens cleac that more males than females die before reachiny thear
reproducitve years, In addition to this, competition between males
can be o severe that 1t may be pogsible that some males live to old
age and yet have little opportunity to mate. All things rcongmidered,
variance 1in lifetime reproductive succecs must be clearly higher for
males than for femaleg.
The gocial and sexual stratedies of males and females may nteract
i oa nunber of ways.  Perhaps the most important zuch interaction an
red-necked wallabies 1¢ the way 1n which gexual advertigement by
femaleg 1ntensifies mpetition between males for mates, and may even
have ghaped 1te character, The long period before mating during which
females  are wnusually attractive to males makes 1t practically
wmpogeible for a subocdinate male who finde a temale 1m the early
stages of oestrus te remain at her side untll she becomes ready to
imate, Her state 18 noticed by other maleg, who, day by day, gather
arournsl her as the most dominant male among them zustaineg his defence
of her until he 1s displaced by a more dominant male or wuntil she
ecomes Fully receptive to mating, 1 thaink 1t 12 likely that the long

periode  of zexual attractiveness which femalex undergo have two

evolutionary effects on the reproductive behaviour of males., Firstly,
hecauge they dagcount the advantage any male gaing by being the firet

zo locate an ocestrous female, bthey make a hypothetical strategy or
dlevoted, solitary searching for untended females unprofitable as an
alternative to fighting with other malezs for rights of sexual access

to femaleg, and secondly, by mciting conflicht among malmg, they

’

stimulate the evolution of large hody =126 and prowess 1n fighting

1

among  maleg, as these atrtributes become abgolutely essertial to
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sucness In reproduct yon,

11.2 Ecological determinants of group size

The looge coordination and zmall size of ved-necked wallaby groups
can plaugibly be accounted for ag a congecuence eilther of the tactice
tThey wuge to avoid bheing killed by predators, or of their feeding
ecology.

Red-necked wallabies will flee over long digtances 1f zlogely
pursued by dingoes, but they try to evade sugtained pursuit by getting
out. of sight ag quickly ag pogsible when alarmed, To thig end, they
ztay cloge to cover, even when feeding i the open, a0 Lthat thev need
never travel far to conceal themgelveg in dense vegetabion or down
gulliez, Perhaps the maintenance of groups 13 incompatible with this
kind of flight behaviour : a wallaby may be reluctant to stay in a
group 1f the other member:s: move to an uncomfortable digtancs from her

own familiar routes of fliwght into cover, she might also find 1t

pagier o fiee incongpicucusly and hide silently when alons (even
mothers and young-at-foot zeparate when tfleeinyg into cover), 0Of

courge, these kinds of cozts must sti1ll be zet against the potential
benefite, such ag early warmng of approaching predators, which may
follow from grouplng,

Llternatively (or additionally), the effects of the ocpecies’
feeding etyle on the rates of movement of feeding individuals and the
inter-individual egpacing they maintain may make the coordinetion of
agroups diffionlt and expenswve,  Ag Jarman 15743 has pointad out,
amimale who feed welectively on discrete, widely-spaced food items
face this problem, whereas those feeding on unitormly abundart foods
igrase leaver in denge zwards, for example) are free of 1%, Although
the red-necked wallahy & diet 18 known only 1n 1te broad outlines (see
Ch., 1) they do sgeem to be more selective and to take lesse grage than
aome other species of Mycwwows, The relatively high rates of movement
of wallabies feediny 1n groups 18 obligue evidence of sigmificant
feeding interference between wallables 1n groups.

I do not have enough information on red-necked wallabies “o allow
me to say which of these twe hypothetical pressures haz had the

yreater 1nfluence on their groupiny behaviour, but & compacicon with



o
o)

black-gtriped wallabies at Wallahy Creek 12 of some help, During the
first two yeare of iy study, 1 spent several daysg and nighte in every
month following black-straiped wallabies and exploring their habhitar
and I caught and marked ten individuale, Black-straiped wallabise feed
1n the open at night, moving up to Z00 metres, sometimes wmore, from
the forest edge (individuale habitually feed 1m the same areas:, but
duaring the day they retreat as far as 600 metres back into foresh | and
rest 1n scrubby gullies, They are very nervous when feeding on open
pastures . and, like red-necked wallabiez, they flee back into thelr
forest when disturbed., Unlike red-necked wallabies, however, they are
usually seen i groups of up to ten 1ndividuals eath, and these groups
remalin well-coordinated even when fhe members have been disturbed., &
group of alarmed black-striped wallabiles makes 1te way slowly back
imto cover, as each i1ndividual heeitates, liztens for i1tg companionsg,
and stays cloge to them, {(roups of relaxed black-striped wallabies
are much more compact and stable than are gatherings of ced-necked
warlabiea, Black-striped wallalies are grazers (Tierney, Ders. COmD. |
Ch. 1) and the comparizon between them and red-necked wallabieg
auggests that diet composition has besn mores mportant than flight
hehaviour i1n shaping sociality 1n these tuo gpecies,

If this view 1g correct, then diet compesition and average group
z1ze should be strongly correlated acroug other zpecieg of manropods:
in particular, hecause grasgses often grow in dense, even swards and
may require little gearchang and selection of the grazing herbaivore,
the proportion of the diet wmade up of grasses should predict averags
group €ize. [ have plotted thieg information for nine zpecies 1n Fig,
11.1: where possible, 1 plotted average group =z1zez against diet
compogitions measured from the mame populations, The groportion of

the diet compozed of grass explaing ol% of the variation of average

group size in thege nine species Llry:O.le + G.15; c=0.74: PO.07 ),

Mean group 21ze 1ncreases  exponentially  with  proportion of  diet
compoged of grase,

The relationship of Fig, 11,1 ghould be wviewed with the
circumspection 1t deszerves @ there may be zpecies tthe hare-wallables
for example) which feed very selectively on certain parte of grase

lants, and for them a stand of grasge may vield only a small aumber of
P
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Fig. 11.1 Relationship between diet composition and sociality
in sare macropods (y = 0.01 x + 0.15 ; r=0.78, P<0.02).
Species can be identified from their numbers (see Table 11.1).
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digcrete and widely-spaced food wtemgz, which they may therefore he
obliged to exploit solitarily. The analysais does suggest, however,
that many aolitary gpecieg of marvopodz would live 1n groups Jere 1f

not for the restrainte i1mposed on grouping by their feeding styies,

11.3 Philopatry and dispersal

Behavioural and ecological differentiation between male and female
ved-necked wallahieg bhegins in the pouch, when the durations of the
pouch lives of males vary sgeagonally while those of females do not,
and becomes profound at two vears of age, when males disperse to

ectabliech new home rangee away from their mothers” , while females

remain and begin breeding within their mothers’ hone ranges,
Selection for the digpercal of al least zome offspring 1g likely
to come from more than one direction, By dispersing, 1individuals

avord the deleterious effects of inbreedany, effects which have now

~
[y

heen demonztrated in the wild (Gresnwood et al., 1974, Packer 197%) az

well as an captaive ammale (gee Ballouw and Ralle 19273 1 offercinyg of
incest  are generally lesz likely fo  gurvive than arve outhred
of fapcing, Digpergers go and live among unrelated strangers, and
thereby avold inbreeding, while thoss animals who do not dizperse can

choose newcomers for mates (gee [uncan et al 19843, Dispersal of

Juveniles 12 clearly  advantageous  in patchy  and  capricious

environments, but Hamilton and May ©1979) have shown that some

dispesal should bhe expected even 1n stable, uniform ernvironments,
They argue that where parents need only produce a simall number of
offepring to ensure thelr own replaremsnt | surplus offspring can he
entered, through their digperzal, into competition for other living
gpaces,

Digpersal 12 always likely to be difficult and rasky, vt these
gtyong pressures for the dispersal of at least some members of each
generation should encourage and maintaan the dispersal of those
wlasges of young least jprey to 1tz dangers, while the rest remain
philopatric, In some gpecies of mammale, male and female juveniles
are equally philopatric teg pikas dckobons rinceps Smdbh and Tvina
1923) or equally likely to dagperse eq mountain zebras FAyuus sedra,

Fenzhorn 19841, hut sex hases in dispersal and philopatry are common,
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and 1nt mamnale maleg are ugually the dispersing zex, while females are
the more philopatric (Greenwood 1980, Wazer and Jones 1983 Packer
197%a . Dobzon 19827, Juveniles are usually much more likely to
digpersge than adults., Red-necked wallabieg £it thig general patiecm,
Exceptiong to thig gerneraliseftion ave few ! female dizperzal 15 knowr

to be associated with male philopatry only in African wild dogs (Frame

et al. 1973, white-lined bats Saccopterys bi/insats (Bradury and
Vehrencamp 19765, red colobus monkevs colobus badrve (Strushaker and
Leyland 1979, Marsh 1979), namadrvas baboons Fapio hamadryas (Gigg et

al, 19

’

Kuminer 19843  chimpaniees Fzn froglodvies (Pugey 1979,
Mishida 1973) and humans,

Two hypothesez have been offered to account for the obgervation
that male mammalz are uswal.y more likely than females to dosperse,
Greenwood (1980) contrasted male digpersgal n mammale with the geeater
prevalenrs  of female dispersal in birds, He argued that the
philopatry of male nrde of many epecies hag arisen ag i regult of
thelr territorial hehaviour - males shouid be better able to astablish
and defend territories on familiar ground, cloze teo wmale relatives,
than among strangers vn unfam llar cowntry - while males should e
more ready to digperse 1n gpecies of mammals where they defend females
and adjust their own movements to mateh the distribution of cfemaleg,
netead of influencing the distribution of females by partitioning
reszources  amnong  themaselves, 1¥ thig hypothesiz 18 corvect, then
philopatry and territoriality of males should be asgociated in mammale
as well as in hirds.  However  as Waser and Jones (1983 have pointed
out, there 18 a sufficient rnuaber of species of mammals 1n which male
Jizpersal and territerial defence are asgociated to qustify rejection
of thig hypothesig (gee alego Murray’ s 18861, 1982a and 1947b detalled
account  of male dispersal, male ferritoriality and phalonatry of
females in ampalad,

The  zecond hypotheszigs,  which  has  several wariants, links
male-biaged dispersal to polygyny iClutton-Brock and Harvey 197m,
Packer 1979, Dobgon 1962), As Packer put 1t

"In oany polygamous speciles, differential availabnlity of
gsexually receptive mates would he more likely to result in

male migration than in female migration, Thig 12 berausze the
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increase 1n the reproductive success of & mals from gaining
access to large numbers of receptive females would usually be
greater than the 1ncrease to a receptive female from gaining
accese to a larger number of males,..This asymmetry may have
resulted 1n the greater mumbers of mammalian species 1 which
males rather than females commonly *rangfer between droups,
both from the natal group and subgedguently™,

But males might alse make yreat gains 1n reproductive sucregss by
walting patiently in the home area, ready to #eize opportunities for
inereasing  their gerial grtatus and usurping  dominant  males, Aricl
females face competition of one kind or another, thev too might
gometimes gain by digpersing and seeking better conditions elsevhere,
hny path that a male of a polyvaynous gpecies takes 1s likely e lead
e to a more ewtreme outcome than 2 female might expect, but thas
fact  in itzelf  should not  recessarily  result n a  general
predigposition towards Jdigpersal anonyg polvgynoug males, In fact, one
could argue that, =ince dispersing males of polygynouz species are
likely to face very rigoroug competition from cother males wherever
thney go. any males who do not underge the costs of dispesal may
theceby cetain a competitive advantage and perform  better than
drgperzecs, while females 1f they compete less potently thar males,
might find 1t eagier to gettle after digrerming, and therefore e more
predisposed Lo move,

The ‘polygyny’ hypothesis g supported by the observatisn that
polygyny and male-biased dizpevsal are often associated in mammals
{Dobgon  1962), but 18 weakened by 1te anapplicability o birde
tGreenwood 19800 and by the cheervation that thoze apecies or
nov-huaman  grimates an which male: acre more philopatyic than fenmales
are  actually more polygynous, as jJudged by sexual dimorphism  and
socr1onomic  cex ratiog (gee Clutton-Brock et al, 19773, than most
gpeciles of primates,

An alternative approach to the gproblem 1z to consider how the
immediate cozts to males and females of dizperzing might regularly and
predictably differ. Digpersing ynwenileg must pass through unfamiliar
terraln, and perhaps spend some time 10 suboptimal habitatz, betfore

eetablishing a gtable home range or territory in appropriate habitat,



During theszse travels arnd #ojourns, digperzers might be more than
usually vulnerable to predators, or hecome weakened and subsequently
die. Dispersal by males 18 associated with their differential
mortality in a number of gpecies of mammale tPallg et al. 1980 while
high mortality  accomparmes digpersal by female acorn  woeodpeckers
Molanerpes roarmiciverous (Koernilyg el al, 198%3), Holekamp 1984) chowed
that although juvenile male Belding' a grownd squirvels Speewopbilus
belding: who digsperge are zignifivantly heavier when they leave than
males of the same age whoe do not digperse, their body weights drop
below those of the non-disgpecsing males over the ensuang five weeks,
She =aggested that the shaft 7., .may reflect the large energetac
demandz of  emigration atself,  or  daffaculties  experienced by
newly-disperzed 1ndividuals in tinding or =ztoring  energy in the
relatively unfamiliar habitat of ummgration areas”, Becauge males
and females are generally more zumilar in morphology and behaviowr as

'

quvenileg than they are as adulte, the effecte of dispergal on
Itttle between the gceyes, However , ir

survival probably differ
Mispersal 18 survived, the enecgeric stresses 1t ampoges and the time

logt in suboptimal habitats should have a quite different significance

for female and male juveniles, 1f the sexeg typically stact hreeding

at difisrent agez, In polygynous species of mammals, femalez usually
begqin breeding ag goon as they reach maturaity, while 11 maleg

reproduction 1 often delayed, sometimes for manv years, berause of

the control that old, dominant maleg exert over opportumties for
mating, Fig, 11,2 compares dgeneraliged fecundaity schedules -1 wale
and female mammale of polygynoug zpecies, and shows how they ciffer in
shape and position (fecundity schedules have been comprled {or the
femaleg of several species ¢f mammal:s, bub they are cvarely constructed
with precision for males: the male fecundityv zcheduls in Fig, 11.2 18
derived from numerousg acconts of changes in reproductive behaviour
with age of malez).

Thig meang that 1f juvenile dasperszal takes up a sigmificant
portion of a female s time and causes her to lose condition 1t will
necessarily resgult in a delay in the age at which she first produces a
surviving offgpring of her own, while for males, this deoes not follow

with the zame 1nevitabiliity, In red-necked wallabiez at Wallaby



Fecundity

Fig. 11.2 Generalised fecundity schedules for male and female
mammals (see Sherman and Morton 1984, Caughley 1976 and
Clutton-Brock, Guinness and Albon 1982).
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Creek, for example, males dizperse at Z4 monthe of age, bhut females
may give birth at 18 months of age. If females rather thar nales
disperzed, 1t 18 unlikely that they could start breeding 20 young.
Males are forced to wait five yearse or more before being able to nate,
arnd although 1t i3 guite concervable that the costs of disperzal could
cauge thie delay to be extended, the effect should not be go uwnediate
or so unalterable for them az 1t must be tor females,

Thig point assumes greater weight 1f one considers That the aye at
which an individual produces 1ts first swrviving offspring has a
particular evolutionary sigmficance, distainct from the signi icance
of the total number of offspring produced in a lifetime, With 1its
firvet offeprang, an ammal replaces iteelf, genetirally zpeaking
falthough 1t does nol do gc completely 1f 1t reproduces zewnally), and
the earlier 1t can do thiz, the more vapadly will ite llﬂeage 1MCrease
teee Horn 1974 @ recall algo that the rate of increaze of a poptlation
19 more strongly influenced by  mean generation length than by total
nunber of young produced by each female, Southwood (1976800,

I therefore offer the hypothesis that the <ex for which dispersal
1 omost 1ikely to cauze a delay 1n age at farat reproduction o1lil he
mogt predigpoged to philopatry, and, diven the selection pressures for
the digpergal of =zome proportion of eath goneration, the other mex
will digperse,

Thig 18 not the szame Az saying that the gex which starte breeding

~

yvoungest will therefore be phiilopatric, for members of the otner sex
might be obliged *to begin preparationg foc breeding while younger
@n1ll, and their preparaticns might be very vulnerable to digcuption
by dispersal (1f, for example, the males of =2 species enter A
dominance hierarchy as juveniles, and the age at which they erter the
hierarchy correlates directly with the aye at which they acquare
aafficient social status to begain mating, digperzal will have a

edictable, explicit effect on their age at first reprodiction),
Generally speaking, however, the delay 1n oneet of breeding by mmales
which uzually accompames golygyny should damanieh the effects of
disperzal on age at firat reproduction of males, and males zhould
therefore be legs predisposed to philopatry than femwales,

Thiz hypothesis predicts a general correlation hbetween male
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digpersal and polygyny, but because factors other than the type of
mating  syetem may induce differences between the sgexes ir their
vulnerability to the eifects of digpersal on the commencement of
reproduction, male philopatry may sometimes be expected to arise even

1 polygynous systemz, In polygynous speciegs where female competition
for resources 18 20 intenge that 1t forces females to delav first
reproduction well heyond zexual maturity, or whers males are able to
use behavioural tactice to consigstently begin their reproductive
caraers while still young, even though older males might  still
dominate mogt mating, the balance of gelective preccures coull shitt
Tar enough to cauge females rathec than males fo dispecse, and malesz
to he philopatraic, Most of the well-documented casges of male
prllopatry occur 1n primates: 1n some specles of primates reproductive
compet ittion between femaleg may be very potent (eqg vellow babocn Fapro
cwmocephalie, Wasser 1923 and males mav begin mating while z2vil1l of
relatively low sgtatus, by forming coalitiong with other vouny males
{eqg olive baboons Fypre anubile, Packer 1977 chimpanzees, BRygott
1979), or by founding emall haremz on the peripherieg of the larger
harems of older males (hamadryaz haboons, Sigg et al. 1942, Kummer
1984), The exiztence of thege kinde of behavioursz 1g congiztent with
the tapparentlyy relatively  common  ocourrence of male-biased
rhilopatry in pramates, but becauge the effects of a zex bhiag 1n
digpersal and philopatry arve so ramified, and s fundamental 1o the

development. of wany types of gocial behaviour, the social behaviours

themselves man uaually not be invaoked o explain why, in a particular
species, one sex or the other i1s phalopatric @ the dangers of talling
into circular argument are too great., For example, dominance iz much
more closely corcelated with mating success of males 1n olive baboons
tPacker 1979k than in chimpanzees (Bygott 197%), Young chumpanzes
maleg therefore have hbetter chances of mating fthan do yourng olive
haboon males, and male chimps are philopatric, while mals olive
baboons digperse, Thaig correlation 1e congenial with the hypothesig 1
have advanced, bhut the reduction in competition between male chimps
mould e due to the fact that they live 1n stable communmties of
patrilineally related individuals 'Goddall 19275, Wrangham 19799, which

they are able to do becausge they are philopatric, Male olive babcong,
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onn the other hand, regularly compete with unrelated males (Facker
1979, h), and may compete the more bitterly for that reason, necause
they disperse as juvenlilesg,

This Kind of difficulty 12 unfortunate becauge 1t makes the

ot

el

hvpothegis 1 have offered very resistant to rigorous testaing: 1t 18 <
problem which besets all arguments which posztulate effects, divect or
vndirect | of social behaviow on the evolution of zgex differences 1n
digpersal and philopatry. Tegts of thig hypothecis could hbe devised
ror speciles 1n which diffferencez 1n the ages at which males and
females begin reproducing arige for reagons uncormected with social
pehaviour,

It ieg probably worth noting 1n paszing that conzideration of the
effects of dispersal on the progress of & reproductive lits can he
uged to account for the prevalence of jwenile (rather tThan adnlt
digperzal in mammals as well Az for the disperzal of voung males
rather than youny femnales, If dizgperzal s likely *to delay the
begirming of reproduction for a voung antmal, 1% ohould also, and for
the wame reazong, interrupt ceproduction by an adult, Becauge adultse
aually breed  without  pause  dispersal by them  will  have  an
imavoldable, mmediate effect on reproduction, so voung individuals
who are, bw dant of thoiur rmmaturity, non-reproductive . shonld be mors

likely than adulte to dizperse,

11.4 Female dispersion, and male ranging and reproductive behaviour
The overlapping of the home rangez of rneighbouring  female
red-necked wallabieg represents what Emlen and Oring (19770 have
called an "envirommental potential for polygyny”.  In other werds, it
allows each male’s home cange Lo zamly encompass the hoiwe ranges of
several females, and encourages dominant maleg to claim and defend
sxclusive mating righte over thoge females, Male cved-necked wallabies
respond te this potential by using home ranges which are muct larger
than the average for femalez, and which therefore encompass The home
ranges of many femalez: and try to retain abaobie doninancs within
gectiong of theic home vanges., Theze zectiong, the males’” dominiong,
ars gti1ll az large, or larger ithan, the home range of The averaye

temale, Thig strategy ¢ owvicusly advantageous | malez  who
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successfully practice 1t account for the great majority of matings.
However, other approaches can be 1maganed. In many species of African
antelopes, dominant males do all of their mating wathin territories
which may be much smaller than the home ranges of femalew, and the
houndaries of which are deferded against other males and often marked
with gcent or piles of dung (Jarman 1974, Owen-Zmith 1977y, why do
red-necked wallaby males, and the malss of other species of macropods,
not do the same?

One possible answer to thaig question 1g that, although home ranges
ot female red-necked wallabiles overlap extenzively, the nunber of
females living in an area the size of the average female ¢ home range
(55, Damuth’'s & calculated for remaleg oniviy 1e sti1ll quite smail
(55:4.0). Any male whe maintained a domimon or territory smaller
than the average female = home range would find that | on averags very
few females would be 1n thas dominion, tTwagining how imany females
might live 1n an area smaller than the average female’ s home rangs
demongtrates the partly abgtract cqualily of 3 ¢ 1t value can he the
um of fractional females, 1t really tells us the averags romdbwr of
females who will be 1n the area at any bimes. We  should ewpect
domireant males Lo use small mating aveqs (ferritories, dominionzs, o
whatever ) only where Sc o1z mgh enough that many individual females
paza through then, 1n spite of theilr amall size,

Fig, 1.3 chows how “r and the relative zize of the area over
which the average dominant mals mate:z \Rm), are correlated for
pacropods and ungulates,  The aperies inciuded an This compar 12om can
be adentified from Table 11,7, which alego citeg data zources, 1 have
vzed data from ungulates az well az from macropods because the fwo
gronpe occupy @il lar ecological micheg and have radhated in osumilar
fazhions, and should therefore bhe divectly comparable, Pm 1 defined
precigsely as the average gi1ze of the areas within which irchividual
dominant maleg mate with females, expressed ag a percentage of the
s1ze of the average female s annual home range., Where dominant males
defend territories, ftheir mating areas correzpond to  theic
territories, In non-territorial species, I have asgumed that dominant
males mate throughout their home ranges - sven though thig 12 not so

for red-necked wallabies - because nomoat of these apecie: 1t has nob
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heen explicitly shown whether or not mabting activity 12 restricted to
certain parts of the home range., The cange of values of Rm uzed in
Fig. 11.3 12 20 wide that 1t makes little difference t¢  the

correlation whether one uges dominion size or home range =ize  1in

caloulating k, for the red-necked wallaby : 1in both cazes R, 1s

greater than 1007, Where 12 legsz than 100, dominant wmaleg have

K
I
restricted their movements to some extent; where 11t 13 greatec than

100, dominant maleg move widely n szearch of females, When mating
occursg only at certain timez of the year . 1 have tried to uze data on
the movemente of breeding males only at thoge times of the vear while
retaining  the females” anrwal home ranges as  the standard  of

COMPALT 180N, I have only congidered species where all of the Jdata

necessary to calculate 5. and R have been collected from the same
population,

Where females live 1n  separate, non-overlapping home ranges

(5f:1.0), males usually do not  extend their oun home vanges to

enconpase the complete home ranges of several females: 1nsteald, they

"
’

defend terraitories which coincide with the home ranges or territories

of  single f{emales (eg hlue dumker, dikdik, klipspringer ., These
species are Jdistainguished v Fag, 11,3 if they are excludsd trom

analysis, SF and Rm are related through the function

Log R =2, 30200008, © v=-0,49451 P<0.01.

Thecrefore, where 55
more widely than females. However, the relationship 1z altered only

1e low tout yreater than 1.0 males usually range

slightly if gpecieg 1n which females are territorial ace included, Tt

Fecomes
Log Rmf2.254—0.0295f; r=-0,58%7 P0,01,

Thus, a2 expected, malss use relatively 2wall mating areas only
where the home rangesg of many females overlap, bt where home cange
cverlap among females 1o low  dominant waden tend 1o range widely,

This relationship 1a not zueply 1ncidental to effecte of body zize

ras Fug, 11,4 shows, hody sazes dustributionz are simllar for species
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long az thoge femalez remain within the territory, 1 suggezt that
males can gragp thig advantage 1f they stay within defendable areas,
which they can afford to do only 1t Sf 18 high,

This argument can account. for the broad trend of the ecological
distribution  of  territoriality, but it leaves unexplained the
aocurrence  of the defence of lavrge (female home range @i17e, or
slightly larger) territories by males of some species where SE e low,
but greater than 1.0 vin thig sample, gerermik and reoe deer fit this
descraiption; while 1n ecologically similar species (lesger kudu, for
exampley males do not defend barraitoriez, Perhaps, howeve:,  the
differences between these specieg are not ag great on a rategorigation

of  zome A territorital” and  others az  "non-territorial’  would

suggest The domnionality of ced-necked wallabaiez 182 adin to
territoriality @ other zpecizs with low ﬁf values may have gimlar

gpat 1al organizations of dominarce, which ﬁould, perhapz dus 1o fine
M fferences 1n eccology, be expressed vn several ways, If there 1
only one peint worth making from this analyveis, 1t 1z lhat  a
fundamental attribute of the reproductive behaviour of males (lreadth
of  movement  in  search  of  mates:  varles  confinuously along a
fundamental ecological gradient (low to high S, Tt seemg that this
trend produces tor facilitatesy obther wvariationsz in repraductive
tactice ¢ clagerfication of species according to these tactics should
be: & secondary focus of analysis,

Values of S¢ far outside the one-to-70 cange conguleredl here
twhich 1ncludes mozt speciesz of ungnlates and macropods) have been

recorded for several large, very mobile gpecies of ungulates, These

cpecies, for all of which f¢oan the studied populations equals or
cucends  2N0, are eland Taorotragus  cevw (Hillwan 13790 Ricican
elephant  (Leuthold and Sale 1977 plaine zebva ‘Mlingel 19677 and

African buffalo (Sinclair 19771, In the

species, males use o
ranges equal 1in @ize to, or emaller than, the home ranges uszed by
females,

So far, I have been arguiny from the degree of home range werlap
amcng females to the movement patierns of males, However b 15 olear
that 1t the home ranges »f males were not wolafied by thear

reproductive  strategies, then their home rvange overlap fﬁm, wonld
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correlate very clogely with Ef, nne could therfore argue that males
usge smaller homs ranges where Sf 18 high n order to avoid
encountering, and being drawn anto conflict with, large numkers of
other males, as they would do 1f & remained similar to S, Thig
argument. might. bhe sound, bhut 1t carmot easily he extended to account
for the wide movements of malsg at the other ~nd of the containuuam, 1
therefore  conclude that the general characteriztice or the
reproductive gtrategies of male red-necked wallabies are determined by
the dizpersions of their females, and that territoriality, n the
clasegical antelope mould, hasg not arisen in macropods because in no
gpecles does the number of females living an an area the zive of the

average female’ s home range become sufficiently large,

11.5 Reproductive success and social behaviour of females
Differences 1n 1nfant survaval contribute wost to variability in
reproduct tve suceess amongst  female red-necked wallabies, and the
survival of a female’s infante corcelates mosht strongly with her
frequency of association with other wallabies., Association with her
own subadult offepring suppresges an  adult female's reproducitve

gucces mozt stvongly: :octlation with other adult members of her

secral group hag a less profound influence: while agsociation waith
members of other social groups 18 1mmaterial. Females feed clome fo
their eubadull offspcing when in groups with them; they rcarely stand
cloge 1o other adult group members, hut are more likely to feed near
membiers of their own than near members of other zocial groupse.  Any
female s closest nerghhours, those whoge howme ranges overlap hec own
nest completely, are uzually members of her own gocial group, In the
light of these correlates, and an the abzence of observationg of
direct reproductive interference vinfanticide, or zuch-liker Letween
female wallables, 1 suggest that the decline in reproductive HUCCess
with gociality 1g due to competition for resoucces probably food)
hetween matrilineal relatives tzee also Clutton-Brock, Albon  and
Guinness 1967 Van Schaick 1963,

That femaleg tolerate thie competrition at auch serious costs to
themselves 1e presumably due to kKin selection (Hamilton 1964) @ their

own logses 1n reproductive euaccess migt be pagged on oag benefitz to
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the relativens who are permitted fo share the vesources of Thelr home

ranges., These henefits to rzlatives could exert a prezsure for the
evolution of  cohesive Kin—groups, R Machonald  C19830 pat 1t

"It o1 awiomatic that yroups may be expected to develop when the
cozks to the regident 's fitness of evicting an infervloper
ereeed those of tolerating 1t.,, . However, to an extent which
depends on their degres of celationship, the net coste or
tolerance to  the occupier’s  fitrnesg 18 diminisked  in
proportion to the berefits accruing to the interloper, 7

Although rompetition hetwzen rcelatives can be invoked to acrount

for the variationz 1n veproductive 2uccess between temale wallabes)
competition aiteelf 18 a verv dafficult anteracticn to ohegerve and
measure - especially 1f 1t 18 mediated indarectly, through overlapping
nee of resources - and 1t 1@ therctore datficult to confirm that 1t s
ag 1mportant asz I have aupposed, However, the verity oy thiz
interpretation can be togted by examining specific hypothessg that 1t
zuggests, Two asuch hypothesez are |

a)  The reproductive sucoesse of rndavadual females ghould decline

moat  steeply with matirlineal group size 1n apecres  where  each
female s home range 18 overlapped by a small number of others, and
most gently 1n gpecies where many females uze common home vanges,
(Imagine a species Wwith a gocal organigation bhased on gmall groupe of
very closely related femalez occupyling discrete territories, Each
territory  therefore containg a get  of rezources uged onlv by
clogely-related group-members, and, provided density 13 limited hy
food availabilaty, the addition of a new female to a group directly
reduces the rescurcez avallaile to other group members, and lowers
therr reproduntive guccezs, Howewver , 11 thege groups were Lo uge
overlapmng home rangez, the quantity of rescurces avallable 1o each
indivadual would be determined not only by the size of ite group, but
by the npumber and size of other groupz in the area, Hnder  =uch
ciccunstances, the effects of group wize on reproductive auccess of

group members should be liaght,

by If ceproductive guccess declines with group vize becange of

tolerance of comwpetition between relatives, we zhould not find a



zim lar effect wyhen females live 1n groups of unrelsied andovidual =,
Where females live 1n groups »f non-Kin, additional members shonld
only be tolerated when their presence has negligible effertsz on the
reproductive succege of other members.

I evaluated the firzst hypothesic hy looking for a relationshap

AL species between S. (see abover and the yate of declire an
reproductive  maccess with increases in oaaze of matroalineal groups,
Severn species were included tn the analysis ceee Tabile 11,300 1n each
of  these apeciez rfemalez have been szhown to live an matrilineal
groups, and for each of them data on home cange over lap among females,
nunbers of females in groups and per capita veproductive sueaess of
geong members have all heen collected from the game population at the
aaine b, Where agroupe of femwales were tercitorial, Sf wage the
avarage  group a1ze;  where  theiwr home ranges  overlapped, SF was
calculated ag the product of the average home range size of fewales
and their density (Damuth 19273,  An index of the =ffoct of increages

1T group 81ze on reproductive success of members was caloulated for

each population from the regresgion of numbere »f 1nfante pec female
an ramhers of females per group,  The calculation of the index hegan
with & group of median size, added ancther female for each original
female  member,  and  expresasd the regulting changes  n numbers of
infante per female as a percentage of the (projected) muthecs of
infantg per female for lone females., This index was chogen heceuse of

1ta andependence of average oyroup 1t man therefore confidently

be plotted agianst ﬁf,
predicted, wvhere few females live within the average female' = home

This plot 1g shown 10 Fiyg, 11,6, As

range, the addition of females to matrilineal groups has a uevere
effect on the reproductive succezs of the original members rdeclines
of up to wl%) but where the howe ranges of many females overlap, the
effect 12 alight. Thiz result 12 consiztent with the view that
competition for ior sharing of r resources withain wmatrilineal groups

s owikh

contributes paportantly te variations an reproduciive  succe
group e1ze,

In all of the matrilineal sgpecieg of Fig, il.6, reproductive
autesss of group memherzs declined o some extent with group =aze, The

only precige, comparable data 1 can tind for groups of uncelated
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temales are Schaller’s (1907 on the wountain gorvlla Gocidls ool la,
Most gorillag, male and female, digperse from theirr nalal groups, and
live out their adult lives in groupas of non-kn (Harcourt of  al,
1981, The numbers of infante per female increases sliyhtly with
numbers of femalez per group wy=0.ed-0.14%, r=0.24, & d.f.. The
effect of a doubling of the wmedian group sgize of females i1z to

nereaze the number of infants per temale hy 12.5%. T calou

o8

Ite S,
£
1 f

female gorillas lived in matrilineal groups, the same Jncrease in

for schaller’s population of gorillas to oe 50G.5. From Fig, 11,6

’

group  2i1ze  ghould have cauged a 7% reduction in per  capita
reproductive guccess. Gorilles tend o confirm the second prediction,

These two teste give gsupport to the view that declines 1n
reproductive success with group e1ze 1n matrilineal species ave cauged
by the tolerance of competition between relatives, although thie
interpretation still reguives intformation on the effects ol thuias
postulated nepotism on young femalez, It such tolerance ceally doeg
have 1tz ztrongest effects where Sf e low, then matrilineal groups
ahould be mozt likely to ovolve wander that ciroumet ance,

Pressure for the evolution of matrilineal groups probably comes

from

several directions, 3o that  suche groups might zti1ll evolve in
gpecies which have haigh Sf values, For example, 1n long-lLived,
intelliyent | wide-ranging épec1e&; auch as elephants, tradhhtonat
knowledge  on the  locationz of certain cesources perennial
water-holeg, perhaps) may be critical to the reproduction and sovvival
of andividuals, and females may form Tife-long relationzhiip: with
theilr daughters 1n order to paze on such knowlaedas even though gooups
of female relatives may not retawn exclusmive accesg to any of the
resources they use, Cases like thhz azide, howsver | we should expect
that where Sef low fhut grester than 1,00 females will often live 1n
cchesive matrilineal groups within which competition 1g tolevated;
whereas o lower proportion of hagh 5f gpecies should have matrilineal
soclal  orgamisations, and v such  specien  dominance  gtatuz and
reproductive success chould often be clrarly and ateeply correlated

among females,
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TABRLE 11.2: Species included in Figures 11.3 and 11.5
Species Authority

1. Potoroo, Potorous tridactylus Kitchener (1973)

2. Red-necked wallaby This study

3. Whiptail wallaby Kaufmann (1974a)

4. Eastern grey kangaroo Jarman, Southwell and

10.
11.
12.
13.

14.
15.
l6.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.

White rhinoceros

Black rhinoceros, Diceros bicornis
Horse

Ass, Equus asinus

Collared peccary, Dicotyles
tajuca

Vicuna

Warthog, Phasochoerus aetiopicus
Roe deer

Red deer

White-tailed deer

Moose

Caribou, Rangifer tarandus
Bighorn sheep

Lesser kudu, Tragelaphus imberbis
Nyalla, T. angasti

Cheurotain, Hyemoschus aquaticus
Waterbuck, Kobus defassa
Hartebeest, Alcelaphus buselaphus
Wildebeest

Gerenuk, Litocranins walleri

Impala

Giraffe, Giraffe camelopardalis

Blue duiker, Cephalophus monticola
Klipspringer, Oretrogus oreotragus
Dikdik, Madoqua kirki

Stuart-Dick (pers. comm.)
Owen-Smith (1975)
Goddard (1967)
Salter and Hudson (1982)
Seegmiller and Ohmart (1981)

Sowls (1974), Ellisor and
Harwell (1969),
Schweinsburg (1971)

Franklin (1974)
Cunming (1975)
Bramley (1970)

Iowe (1966), . Lincoln
and Guiness (1973)

Michael (1965)

Hauge and Keith (1981)
Fuller and Keith (1981)
Ieslie and Douglas (1979)
Leuthold (1974)
Anderson (1980)

Dubost (1975)

Spinage (1969)

Gosling (1974)

Estes (1969)

Leuthold (1978a,b)
Murray (1981, 1982a,b)

ILeuthold and Leuthold
(1978)

Dubost (1980)
Dunbar and Dunbar (1974)
Hendrichs (1975)
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APPENDIX I

Aspects of Survival and Mortality

Introduction

1 was not able to collect sufficient volumes of information to
enable me to construct complete and accurate swurvivorship and
fecundity schedules for the red-necked wallaby population of my study
area; the critical data are still being accumulated, and a complete
analysis of the dynamics of this population will soon be possible., I
do have moderately extensive sets of data on the survival of young
wallabies, and on sex ratios. 1 will briefly describe and discuss
this information here because of its relevance to other parts of the
thesis, and also offer some comments on the probable patterns of adult
mortality.

Survival of young

Fig, I.1 shows 1x (survivorship) and gx (mortality rate) schedules
for wallabies from the age at which they first became visible to me as
a bulge in an adult female’s pouch (four months of age) up until their
twentieth month of life (at which age females reach or approach sexual
maturity)., All wallabies who disappeared within this age interval are
assumed to have died. Other data (Ch., 7), show that males begin to
disperse after their twentieth month of 1life : it is thereafter
impossible to decide whether males who disappeared were dead, or had
moved out of the study area. Information on 78 young wallabies,
collected from mid-1981 to mid-1984, were used to construct the
schedules shown in Fig, 1.1, The analysis shows that mortality rates
were low during most of pouch life, but increased abruptly during the
eleventh month of life, when most young had just left the pouch. The
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APPENDIX TWO

Geographical Variation in the Sex Ratios of Infants

The arguments of Fisher (1920) and MacArthur (1965), now widely
accepted, predict that =sexually reproducing organisms should
distribute their parental investment in equal quantities to male and
female offspring, However, parental investment may teake many forms
(Trivers 1982), and animals may be selected to dispense different
kinds of investment at different rates to their sons and daughters
(Maynard Smith 1980). In Chapter ten, for example, I presented data
which suggested that female red-necked wallabies make a life-long
investment in their daughters, through tolerance of ecclogical
competition from them, while they stop investing in their sons at the
time that those sons disperse, The interspecific comparisons drawn in
that chapter also suggested that this prolonged maternal investment in
philopatric daughters can be balanced by several kinds of early
investment in dispersing sons : in galagos, more males than females
are born (Clark 1978): in red deer, male calves suckle more than
female calves do (Clutton-Prock, Guinness and Alkon 1982): while in
red-necked wallabies, subadult males spend more time feeding with
their mothers than do subadult females.

The patterning of investment in gone and daughters may vary within
as well as between sgpecies. There is evidence of some such
inter-population variation in kangarcoe : =zex ratios of pouch young of
eastern grey kangaroos and red kangarcos tend to be biased in favour
of males in the drier parts of those species’ ranges (Johnson and
Jarman 1983). Trends of this kind suggest that investment in
individual females may be heavier in dry than in mild regions. In
thiz appendix, I report on a cline in the sex ratios of infant
red-necked wallabies: suggest how thig might reflect a shift from one
form of early invesztment in males to another; and point out the data
that should be collected *to allow us to either dismise or favour the

hypothesie.
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