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Abstract

The dispersal of one or both sexes from the birth group is a trait common to all so-
cial mammals, but for many species, movement between groups does not end there.
In several species of primates characterized by male dispersal, males have very
short tenure within groups, and they appear to change groups throughout their
lives. Much effort has been expended to explain the adaptive significance of natal
dispersal, while comparatively little attention has been given to the significance of
secondary dispersal. In this paper, | examine the data available on secondary dis-
persal in seven primate species and evaluate the inbreeding avoidance and intra-
sexual mating competition hypotheses as explanatory frameworks for its evolution.
The data available, although limited, provide strong support for the intrasexual ma-
ting competition hypothesis. The inbreeding avoidance hypothesis is not well sup-
ported.

Introduction

Most social mammals are characterized by male emigration from the natal group
at or near the time of sexual maturity, while females remain in their birth group for
life (GREENWOOD, 1980; DOBSON, 1982; WASER and JONES, 1983; COCK-
BURN et al., 1985; PUSEY and PACKER, 1987a; but see MOORE, 1984; STRIER,
1994). Although dispersal in many mammalian species appears to be limited to a
specific developmental stage (SMALE et al., 1997), this is not the case in primates,
particularly species characterized by male dispersal where, in some cases, males
continue to move between groups throughout their lives (see PUSEY and PACKER,
19874, for review). Known as secondary or breeding dispersal, further movement be-
tween social or breeding groups following natal dispersal (CLOBERT et al., 2001)
appears to be a common phenomenon for many male dispersed primate species, but
one that has received relatively little attention in the primatology literature. While
investigations into the adaptive significance of natal dispersal have been numerous,
secondary dispersal has been largely ignored (BERTEAUX and BOUTIN, 2000).
This discrepancy is due to the inherent difficulty of following the fates of dispersing
individuals and a tendency for investigators to focus on the philopatric sex
(MOORE, 1984). Because of these biases, we know relatively little about the pat-
terns and causation of male secondary dispersal and even less about the effects of
dispersal patterns on male life history patterns and reproductive success.

Dispersal is a risky undertaking. Dispersing individuals may be at a higher risk
of predation, aggression from unfamiliar conspecifics, or even starvation once they
leave familiar areas in search of a new social group (e.g. GARTLAN, 1975; DITTUS,
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1977; van SCHAIK, 1983; JOHNSON and GAINES, 1990; ISBELL et al., 1993; AL-
BERTS and ALTMANN, 1995a). There are also opportunity costs associated with
dispersal, in that males may lose opportunities to mate while spending time alone
moving between breeding groups (ALBERTS and ALTMANN, 1995a). Given these
costs, the adaptive benefits of dispersal must be high as dispersal is a trait common
to all social mammals. Intrasexual competition and inbreeding avoidance are cited
as the main factors influencing the evolution of dispersal, particularly male-biased
dispersal. The effects of inbreeding have been well documented (see MOORE and
ALI, 1984; ALBERTS and ALTMANN, 1995a, for reviews), and outbreeding is
thought to lead to increased reproductive success. Intrasexual mating competition
may push males to selectively transfer into groups with a higher number of cycling
females (PACKER, 1979a), with a lower ratio of males to females (SUSSMAN,
1992), or where they can increase their dominance rank and, thereby, improve their
access to mates (CHENEY and SEYFARTH, 1983). Although these explanations are
invoked mainly to explain the adaptive significance of natal dispersal, they have
also been investigated as evolutionary explanations for secondary dispersal in a
number of species (e.g. DOBSON, 1982; MOORE and ALI, 1980; WASER, 1985;
PUSEY, 1987; PUSEY and PACKER, 1987b; SHIELDS, 1987; JACK, 2001).

The goal of this report is to examine secondary dispersal in a wide range of pri-
mate taxa and evaluate its adaptive significance in light of current evolutionary the-
ory. | begin with a review of the occurrence and frequency of secondary dispersal
within the Primate order, followed by an evaluation of the inbreeding avoidance and
intrasexual mating competition hypotheses for dispersal in a select number of spe-
cies for which there are sufficient data.

Secondary Dispersal in Primates

Table 1 summarizes data available on male natal and secondary dispersal in
twelve primate species. The studies reviewed here are limited to those on wild
unprovisioned primates as both captivity and provisioning can have profound effects
on dispersal patterns (for a discussion of the effects of provisioning see ASQUITH,
1989). The data presented here are by no means exhaustive, and additional data on
male dispersal do exist; however, published reports providing sufficient detail of the
fates of dispersing individuals, or even summaries of observed dispersal patterns,
are very limited. These types of data are only possible after intense long-term obser-
vations of known individuals in multiple groups, although detailed reports of dis-
persal patterns are lacking even for some of the well-studied primate species (e.g.
Cebus apella). It is possible that in cases where data on secondary dispersal are not
available, that it does not commonly occur in the species in question. However, it is
curious that for the majority of the well-studied male-dispersed species, most males
are known to reside in more than two groups throughout their lives (see Table 1;
ALBERTS and ALTMANN, 1995a).

Of the 12 species reviewed here, only one, Alouatta palliata, does not display sec-
ondary dispersal. For the past 30+ years, Glander and colleagues have been study-
ing a large population of marked individuals of A.. palliata at La Pacifica, Costa
Rica, and secondary dispersal by males has never been observed. This finding is ex-
plicable when we consider the way in which male A. palliata enter groups. After dis-
persing at a very young age (< 2yrs) these maturing males spend a portion of their
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Table 1: Evidence of Secondary Dispersal by Male Primates Displaying Bisexual or Male-Biased Dispersal Patterns (DP).

Species Age at Natal Dispersal Secondary Dispersal (Y or N plus any details)
Macaca fascicularis* 5yrs (1) Yes — adult males change groups ~ every three years (1)
M. fuscata yakui* 5yrs(2) Yes — complete changeover in male membership every four years (3)
M. mulatta ~4yrs (4) Yes — males ch.ange groups every few years (4, 5) and adult males are only
rarely present in groups when daughters reach sexual maturity (5)
Yes (?) — One documented case plus the observation of solitary males lead to
M. silenus NA the conclusion that male intertroop movement is a common feature for this
species (6)
M. sinica NA Yes — most males will reside in numerous groups throughout their lives (7)
Papio cynocephalus* 8.45 yrs (7) Yes — males disperse repeatedly throughout their lives (8) even in old age (9)
Chiorocebus aethiops* 5-7yrs (9) Yes — complete changeover in male group membership over a four year study

of three groups (10)

Alouatta palliata

1.8 yrs (juveniles) (11)

No — based on >30 yrs of observation on marked animals (GLANDER, personal
communication)

Alouatta seniculus*

4-6 years (some stay in natal
group to help father) (12)

Yes — males tend to disperse more than once in their lifetime (12); coalitions
of 2-4 males aggressively oust resident males (12, 13)

Yes — males disperse continuously throughout their lives with complete
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Cebus capucinus* 4.5yrs (14) changeover in group males every four years (15)

Saimiri sciureus 4-5 yrs (16) Yes — bachelor_groups are common and males form alliances that last over
several migrations (based on 5 yrs. of census data) (17)

Lemur catta* 3-5yrs (18) Yes — prime age males (5-7 yrs) disperse every 3-4 years (19)

(1)VAN NOORDWIJK and VAN SCHAIK, 2000; (2) SPRAGUE et al., 1998; (3) SPRAGUE, 1992; (4) DRICKAMER and VESSEY, 1973;

(5) MELNICK et al. 1984; (6) KUMARA et al., 2001; (7) DITTUS, 1975; (8) ALBERTS and ALTMANN, 1995a; (9) SAPOLSKY, 1996;

(10) HENZI and LUCAS, 1980; (11) GLANDER, 1992; (12) CROCKETT and POPE, 1993; (13) POPE, 2000; (14) JACK and FEDIGAN, in press a;
(15) JACK, 2001; (16) ROWE, 1996; (17) MITCHELL, 1994; (18) SAUTHER et al., 1999; (19) SUSSMAN, 1992.

* Indicates species included in further analyses in this review.
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lives as solitaries, usually > 3 yrs, while they attain full adult size (GLANDER,
1992). Upon reaching adult size, males may either form a new group by attracting fe-
males to them, or they can aggressively enter an established group. In the latter
case, the immigrating male attacks the resident alpha male and, if successful, will
join the group as the new alpha, while the deposed male becomes a subordinate
member of the group. Alpha male A. palliata are in their prime (young adults:
JONES, 1980) and, after losing their status within a group, males are no longer
physically able to attempt another takeover. Given the dangers of living as a solitary
animal, deposed alpha males benefit by remaining in the group as a subordinate,
gaining copulations where and when they can (GLANDER, personal communica-
tion). If the immigrating male is unsuccessful in assuming the top rank within the
group, he will remain solitary, and perhaps later attempt to enter a different group.
GLANDER (1992) describes immigrating males as trailing a number of established
groups before attempting to enter one as an alpha male; it seems that they spend a
period assessing the ability of resident alpha males and try to enter a group where
they have the best chance of succeeding. Given that alpha males are the youngest
adult males in the group (i.e., male rank is determined by age: JONES, 1980), male
A. palliata work within a very limited timeframe in gaining group entry.

For the remaining 11 species reviewed here, secondary dispersal appears to be a
common occurrence, although data are limited. For this reason, the remainder of
this report will focus on the seven species for which there are sufficient data avail-
able to address the evolutionary significance of dispersal. These species are indi-
cated by an * in Table 1 and include: Macaca fascicularis, M. fuscata yakui, Papio
cynocephalus, Chlorocebus aethiops, Alouatta seniculus, Cebus capucinus, and Le-
mur catta.

Evolutionary Explanations for Secondary Dispersal

Inbreeding Avoidance

The inbreeding avoidance hypothesis is by far the most commonly cited evolu-
tionary explanation for the universality of dispersal among animal species and it
has a very long history of investigation (e.g. DARLING, 1937; BENGSSTON, 1978;
PARKER, 1979; WASER et al., 1986; ALBERTS, 1999). Many of these studies have
concluded that dispersal, particularly male-biased dispersal, is an adaptation for in-
breeding avoidance (see MOORE and ALI, 1984 for review). Inbreeding has been
shown to result in decreased fertility and viability of offspring in a number of spe-
cies, including insects, fish, rodents, baboons, and domesticated farm animals (see
PACKER, 1979a, for review; ALBERTS and ALTMANN, 1995a). According to the
inbreeding avoidance hypothesis, dispersal of one or both sexes from the birth group
has evolved as a means of avoiding consanguineous matings and its fitness-reducing
consequences (see MOORE and AL, 1984). Although most often invoked as an evo-
lutionary explanation for natal dispersal, the inbreeding avoidance hypothesis has
been suggested as an explanation for secondary dispersal by males in a number of
species (e.g. CHENEY and SEYFARTH, 1983; PUSEY and PACKER, 1987b; JACK,
2001). SMITH (1982) suggested that because of the promiscuous mating systems
characteristic of most primate species, it is unlikely that males are able to recognize
their daughters; given the potential costs of inbreeding, it would be advantageous if
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male tenure length had an upper limit imposed. This upper limit for group residency
would be determined by the age at which females reach reproductive maturity for a
given species (CHENEY and SEYFARTH, 1983).

If male tenure length does have a limit, then males will need to transfer between
groups more than once, and, given the longevity of primates in general, it would be
expected that males should continuously disperse throughout their lives. It has also
been suggested that dispersal, as a means of inbreeding avoidance, should be volun-
tary (e.g. PUSEY and PACKER, 1987a), although HENZI and LUCAS (1980) argue
that the proximate cause of frequent dispersal is inconsequential in evolutionary
terms as the end result is the same: males will not reside in the group when their
daughters are old enough to reproduce, and inbreeding will be avoided.

Table 2 presents data on group tenure length for nonnatal males, female age at
first birth and gestation lengths for each of the seven species reviewed here. The in-
breeding avoidance hypothesis for secondary dispersal predicts that male tenure
lengths within groups will be shorter than female age at reproductive maturity (age
at first birth — gestation length). This hypothesis was supported in four of the seven
species: Macaca fuscata yakui, Papio cynocephalus, Chlorocebus aethiops, and
Cebus capucinus. The proximate reasons for male dispersal in these species are vari-
able, with either voluntary or forced dispersal, and largely unknown/unreported for
Chlorocebus aethiops. For example, male dispersal appears to be voluntary in
Macaca fuscata yakui, even for high-ranking males, and it has been reported that fe-
male choice for novel mates is the proximate factor driving male mobility in this spe-
cies (SPRAGUE, 1992; see BERARD, 1999 for similar findings in M. mulatta). Male
Cebus capucinus also display tenure lengths that are much shorter than female age
at reproductive maturity, and male emigration is often voluntary even by top-
ranked males (JACK, 2001), although evictions following aggressive group take-
overs by extragroup males are also common (FEDIGAN, 1993). In their long-term
studies of Papio cynocephalus, ALBERTS and ALTMANN (1995a) found two peaks
in the timing of male secondary dispersal. The first peak occurs around the end of
the first year of residency, when males who have been unsuccessful in obtaining
mating opportunities within a group disperse and seek opportunities elsewhere. The
second dispersal peak occurs in a male’s sixth year of tenure, which coincides with
the age that female offspring would attain reproductive maturity. Unfortunately,
there is no discussion of the proximate reasons for why males disperse (i.e., forced or
voluntary).

Although the social system of Alouatta seniculus is typically multimale or age-
graded, the mating system is unimale in the sense that the dominant male is respon-
sible for all copulations and for siring all offspring (POPE, 1990). POPE (2000) re-
ported that in A. seniculus, breeding males frequently remain in groups long enough
to mate with potential daughters, as the mean breeding tenure is 5-7.5 yrs while fe-
male age at reproductive maturity is approximately 4 years. However, A. seniculus
is characterized by bisexual dispersal, with females dispersing from the natal group
at 2-3 years of age (POPE, 2000; also see CROCKETT, 1984). It could be argued,
then, that the natal dispersal of female A. seniculus is an adaptation for inbreeding
avoidance, although it should be noted that it is not uncommon for either males or fe-
males in this species to remain and breed within the natal troop (CROCKETT and
POPE, 1993). Female natal dispersal in A. seniculus appears to be dependent upon
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Table 2: Nonnatal Male Tenure Length and Female Age at First Reproduction*.

Species

" Tenure Length

Q@ Age at 1t Birth
(~gestation length)

Notes

Macaca fascicularis |3.5-3.8 yrs 3.4yrs Alpha male tenure was ~ 2 years although deposed males may stay on in
(Adult tenure ~ (5.5 mos) group for another .5 — 3 years as a subordinate (average tenure for males who
3 years) (1) reach top dominance was ~ 5yrs) (1); Alphas are siring the majority of infants
with betas siring most of the remaining offspring. Beta males sire the
offspring of daughters of alpha males (2)
M. fuscata yakui 3years (3, 4) 4.5 yrs Migrations are concentrated in the mating season; voluntary and thought to
(5.8 mos) be in response to decreased mating success with increased length of group
tenure (3, 4)
Papio cynocephalus |2 yrs (range1 mo— |6 yers (5) Most cases of secondary dispersal occurred in the 15 or 6" year of residency;
11.5 yrs with peaks | (5.8 mos) first year if unsuccessful at gaining mates, in the 6% year if successful (5)
in the 1%t and 6"
years) (5)
Chlorocebus aethiops | 2.7 yrs (6) 4.5yrs Complete changeover in group males over a four year study of three groups (6)
(5.4 mos)
Alouatta seniculus 5-7.5yrs (7) 4.7 yrs Male dominance and residency changes most often through aggressive
(breeding tenure) (6.3 mos) takeovers by male coalitions; infanticide common; 32% of breeding males
(only dom. male breeds) remain in group long enough to mate with maturing
daughters (8); breeding males never leave voluntarily (POPE, personal
communication)
Cebus capucinus 3.5 yrs (all ages); 7 yrs (11) Aggressive male takeovers and infanticides common (10); voluntary secondary
4 yrs (adults) (9) (5.4 mos) dispersal is also common, even for alpha male (11)
Lemur catta 3.5yrs (12) 3yrs (13) Several alpha males have retained top rank for 6 years (14) so inbreeding is
(4.5 mos) possible. However, evidence of female avoidance of mating with offspring or

maternal relatives in captivity has been reported (15)

and WEISS, 1991.

*Unless otherwise noted, age at first reproduction and gestation length have been taken from ROWE, 1996.

(1) VAN NOORDWIJK and VAN SCHAIK, 2001; (2) DE RUITER et al., 1992; (3) SUZUKI et al., 1998; (4) SPRAGUE et al., 1998; (5) ALBERTS
and ALTMANN, 1995a.; (6) HENZI and LUCAS, 1980; (7) CROCKETT and POPE, 1993; (8) POPE, 2000; (9) JACK and FEDIGAN, in press a.
(10) FEDIGAN, 1993; (11) JACK, 2001; (12) SAUTHER et al, 1999; (13) SUSSMAN, 1992; (14) SAUTHER and SUSSMAN, 1993; (15) PEREIRA
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the number of breeding females in the natal group (POPE, 2000), and additional
data are necessary to determine if the tenure of breeding males influences female
dispersal and if inbreeding actually occurs in this species.

Average male tenure lengths for Macaca fascicularis and Lemur catta exceed fe-
male age at reproductive maturity and do not provide general support for the in-
breeding avoidance hypothesis. Even in those species where average male tenure
length is shorter than age at female reproductive maturity, some questions arise as
to how well these data support the inbreeding avoidance hypothesis. For example, in
Cebus capucinus, adult male tenure length is 4 years while female age at sexual ma-
turity is approximately 6.5 years. A similar pattern exists for Macaca fuscata yakui,
Papio cynocephalus, and Chlorocebus aethiops. If secondary dispersal is an adapta-
tion for avoiding inbreeding, we should see male tenure lengths very closely timed to
female reproductive maturity, rather than occurring years before, as is the case for
several of the species reviewed here. In addition, if dispersal has evolved as a mecha-
nism for inbreeding avoidance, we should see most, if not all, males dispersing before
their daughters reach reproductive maturity. There are, however, many examples of
males remaining in a group well past the age at which female offspring reach repro-
ductive maturity. For example, in Cebus capucinus, alpha males are responsible for
the majority of the group’s reproduction (JACK and FEDIGAN, in press b) and their
breeding tenure ends either through eviction by invading male coalitions or through
voluntary dispersal (abdication). However, in one of our long-term study groups at
Santa Rosa National Park, one alpha male has experienced a very long tenure
(> 8 yrs) and has been observed to mate with his mature daughters (personal obser-
vation). We await paternity analysis to determine if these males are producing off-
spring with their daughters (see ALBERTS and ALTMANN, 1995a for similar ex-
amples in Papio cynocephalus).

Additional evidence against the inbreeding avoidance hypothesis is provided
through an examination of secondary dispersal in female-dispersed species. If dis-
persal is an adaptation for inbreeding avoidance, and the age at reproductive matu-
rity of offspring imposes an upper limit for tenure length, female-dispersed species
should also have limited tenure length to avoid mating with maturing sons. Table 3
presents data on female dispersal in five primate species traditionally residing in
multimale-multifemale groups. Very few data are available on females in species
characterized by female-biased dispersal, again demonstrating the bias in prima-
tological studies towards the philopatric sex. Given this bias, it is not surprising that
studies of species displaying bisexual dispersal (e.g., Alouatta seniculus and A.
palliata) provide a much more complete picture of primate dispersal and life history
patterns (e.g., see CROCKETT and POPE, 1993; GLANDER, 1992). Even for Pan
troglodytes, one of the best-studied primate species, there is surprisingly little infor-
mation on the fates of dispersing females. Strier’s long-term studies of Brachyteles
arachnoids are an exception, and her data set provides one of the most complete life
history portraits for both males and females of any species. Although the data on fe-
male dispersal patterns are limited, it appears that none of the well-studied species
(i.e., excluding Saimiri oerstedi), displaying either bisexual or female-biased dis-
persal, show a tendency towards secondary dispersal of females, nor do we see any
species in which females continuously transfer between social groups throughout
their lives (see Table 3). Although adult females might benefit from secondary dis-
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Table 3: Evidence of Secondary Dispersal by Female Primates Displaying Bisexual or Female-Biased Dispersal Patterns
(DP).

Species DP | @ Secondary Dispersal
Brachyeteles Q No: females transfer into neighboring groups, breed, and appear to remain there for life (1). Females disperse prior
arachnoides to reaching sexual maturity (2)

Q Rare to absent; Nishida et al. noted secondary dispersal between study groups following the disappearance of most
of the group’s males (only two males remained when females transferred) (3, 4)
Yes but data are limited; Pregnant females and females with offspring have been observed to enter established

Pan troglodytes

Saimiri oerstedi ) groups; adult females have been observed to emigrate from study groups but no transfer data are available. Male
transfer has been observed but may be rare. These data are based on a 11-month study of one social group (5)

Alouatta palliata d" 9 | Rare; 5 of 52 female emigrations were secondary (32 years of observing marked animals) (6)

Alouatta seniculus d* @ | No; once females breed in a group they remain for life; emigration of a parous female has not been observed (7, 8)

(1) STRIER, 1997; (2) STRIER and ZEIGLER, 2000; (3) NISHIDA et al., 1990; (4) BOESCH, 1997; (5) BOINSKI and MITCHELL, 1992;
(6) CLARKE and GLANDER, 2002; (8) POPE, 2000; (7) CROCKETT and POPE, 1993
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persal as a means of avoiding breeding with maturing sons, it appears that inbreed-
ing is avoided through mechanisms other than secondary dispersal (e.g. Pan troglo-
dytes: PUSEY, 1980; PARR and DE WAAL, 1999; Brachyteles arachnoids: STRIER,
1997).

The possibility of interbreeding among close kin, either as a result of delayed na-
tal dispersal or long tenure of breeding males, is frequent enough that some authors
have suggested that there are mechanisms in place to avoid consanguineous mat-
ings (see ALBERTS, 1999 for review) and there is mounting evidence in favor of this
proposal. For example, DE RUITER et al. (1992) found that in Macaca fascicularis,
alpha males sire the majority of offspring born into their groups (60-90 %), and in
cases where they experience long breeding tenure, it is the beta males who are re-
sponsible for siring the offspring of the alpha’s daughters. ESCOBAR-PARAMO
(1999) found similar results in her study of paternity in wild Cebus apella, while
ALBERTS (1999) found strong evidence of kinship discrimination among paternal
siblings based on both familiarity and recognition of paternal phenotypic character-
istics in Papio cynocephalus. There appear, therefore, to be a number of different
proximate explanations for how inbreeding is avoided in a wide range of species: fe-
male choice, breeding concessions to coresident males, voluntary dispersal of males,
eviction due to aggressive takeovers, etc. These means of avoiding inbreeding do not,
however, always involve dispersal. Together, these data indicate that dispersal, par-
ticularly continuous dispersal in species where multiple fathers are possible, is not
necessary for outbreeding to occur and that inbreeding avoidance alone does not pro-
vide a convincing evolutionary explanation for secondary dispersal (see MOORE
and ALI, 1984 and PERRIN and MAZALOQV, 1999 for similar conclusions).

Intrasexual Mating Competition

Male reproductive success is regulated by male access to mates (NUNN, 1999;
KREBS and DAVIES, 1993; EMLEN and ORING, 1980; TRIVERS, 1972), and it has
been suggested that male secondary dispersal is not timed to avoid mating with
close kin (i.e., maturing daughters) but, rather, to increase mating opportunities,
(PACKER, 1979a; MOORE, 1984; MOORE and AL, 1984) and is ultimately the re-
sult of intrasexual competition for mates (WASER, 1985; PUSEY, 1987; SHIELDS,
1987). The intrasexual mating competition hypothesis predicts that (a) males should
transfer into groups with lower numbers of same-sex competitors and a higher num-
ber of available mates (lower ratios of males to females or an increased proportion of
cycling females), (b) males should experience increased mating success with group
transfers, and (c) in species where male dominance rank and reproductive success
are related, males should engage in secondary dispersal as a means of increasing
their dominance ranks. Note that these predictions are not mutually exclusive, and
each prediction need not be accepted to support the intrasexual mating competition
hypothesis. Published data on secondary dispersal are not complete enough to as-
sess all three of these predictions for each of the seven species reviewed here, how-
ever, collectively the predictions and the data set do provide some insight into this
explanatory hypothesis.

Mate availability and mating success. If dispersal functions to increase male ac-
cess to mates, then we should see males transferring into groups with more favour-
able sex ratios. Data on the ratio of adult males to females in groups before and after
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male transfers are, unfortunately, very limited and are unavailable for Macaca
fuscata yakui. These data are also unavailable for A. seniculus; however, given that
this species is characterized by a single breeding male, if transferring males are able
to attain alpha male status within their new groups, they will be increasing their re-
productive opportunities through their transfer. Although changeovers in breeding
males do occur from challenges within the group (CROCKETT and POPE, 1993),
takeovers by subordinate males from neighboring groups have also been observed.
POPE (1990) suggests that males move between neighboring groups because this
better enables them to assess their opportunities of attaining breeding status before
staging a takeover.

For the remaining five species for which data on sex ratios are available, the re-
sults are far from straightforward. In Macaca fascicularis and Chlorocebus aethiops,
males do not preferentially transfer into groups with more favourable sex ratios, al-
though it appears that males may move towards groups where they can attain a high
dominance rank, which is tied to mating success in both of these species (see "Male
rank and secondary dispersal” below). Male Papio cynocephalus show a tendency to
move towards groups with a lower number of same-sex competitors and in Cebus
capucinus and Lemur catta, males transfer into groups with lower ratios of males to
females. The most complete data on group composition before and after male trans-
fer come from the long-term study of Cebus capucinus in Santa Rosa National Park,
Costa Rica. In this species we were able to track the fates of 16 nonnatal males as
they moved between study groups; all 16 of these males transferred into groups with
significantly lower ratios of adult males to females (JACK, 2001; JACK and FEDI-
GAN, unpublished ms.).

Although it has been suggested that secondary dispersal of male Papio cyno-
cephalus is influenced by the number of cycling females to males (PACKER, 1979b;
SMITH, 1992), long-term data on this species in Amboseli indicate that male trans-
fer is largely related to their mating success within a particular group. ALBERTS
and ALTMANN (1995a) found that males who were unsuccessful at mating in one
group were successful in the next group. In P. cynocephalus male tenure length ap-
pears to be largely dependent upon their mating success, with unsuccessful males
transferring groups after only one year, while successful males remained in groups
for an average of six years. Although comparative data on transfer groups in Macaca
fuscata yakui are not available, the proximate explanation for male secondary dis-
persal in this species strongly suggests that mating success is also the main motiva-
tor. In this species, female choice for novel mates appears to be the proximate factor
driving male dispersal, as dispersal appears to be voluntary, even for males at high
ranks, and occurring in response to declining mating success (SPRAGUE, 1992; see
BERARD, 1999 for similar findings in M. mulatta). Male M. f. yakui are reported to
experience a peak in mating success during the first few years of group residency
(SPRAGUE et al., 1998; SPRAGUE, 1992) and would, therefore, increase their mat-
ing success by transferring frequently between groups.

Male Rank and Secondary Dispersal

In the majority of primate species, male intrasexual competition within groups
results in agonistic dominance hierarchies (WALTERS and SEYFARTH, 1987) and
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there is considerable debate over the correlation between high dominance rank and
increased reproductive success. Widely known as the “priority of access” model
(ALTMANN, 1962), the question of the reproductive benefits of high rank has had a
long history of investigation in primate studies (e.g. TAKAHATA et al., 1999; see DE
RUITER and VAN HOOFF, 1993; COWLISHAW and DUNBAR, 1991; FEDIGAN
1983 for reviews). Although the debate is far from settled, the relationship between
these two variables may shed light on male dispersal patterns, as dispersal for many
species is associated with a change in dominance rank. As predicted by the intra-
sexual mating competition hypothesis, if high rank provides males with increased
access to mating opportunities and/or increased reproductive success, then males
should be dispersing in an attempt to increase their dominance rank. To investigate
this prediction, it is first necessary to determine if there is a correlation between
dominance rank and reproductive success, and then examine male dispersal pat-
terns and rank changes that occur with group transfers.

Data on male dominance rank and reproductive success are available for six of
the seven species reviewed here (excluding Chlorocebus aethiops) (see Table 4). A
positive correlation between male dominance rank and reproductive success has
been reported for Macaca fascicularis, Papio cynocephalus, Alouatta seniculus, and
Cebus capucinus. For the remaining two species, Macaca fuscata fuscata (no data
are available for M. f. yakui) and Lemur catta, there was no significant correlation
between male dominance rank and reproductive success. Interestingly, these latter
two studies were based on captive populations, while the four studies reporting a
positive correlation between male rank and reproductive success were from wild
populations. ALTMANN et al. (1996) suggest that captive conditions may account
for the lack of correlation between dominance and reproductive success in some spe-
cies, and paternity data on both wild and captive Macaca fascicularis provide strong
support for this suggestion. DE RUITER et al. (1992) found a significant positive cor-
relation between dominance rank and reproductive success in their study of wild M.
fascicularis, while SHIVELY and SMITH (1985) reported a negative correlation in
their study of a captive population of the same species. The lack of correlation be-
tween male rank and reproductive success in captive populations may be related to
the fact that in captivity, male dominance rank is generally much more stable over
the long-term than it is in wild populations. This stability of male rank in captivity is
likely due to the complete absence of either emigrations or immigrations character-
istic of many captive groups, or the controlled conditions under which new individu-
als are introduced (e.g. FRAGASZY et al., 1994). ALTMANN et al. (1996) found that
although there is a strong correlation between male rank and reproductive success
in Papio cynocephalus, long-term variance in male reproductive success is low due to
the instability of rank over time. Moreover, in wild populations, male rank is gener-
ally dependent on age and for all seven of the species reviewed here, dominant males
are described as being "prime age" (see Table 4). In captive or provisioned groups, on
the other hand, high rank is often based on tenure length and aged alpha males are
common (see WALTERS and SEYFARTH, 1987 for review). Although the possibility
remains to be tested, it would be of interest to see if studies of captive populations
found an initial correlation between dominance rank and reproductive success that
wanes with time, similar to what has been reported for wild groups of Macaca
fuscata yakui (SPRAGUE et al., 1998). In this species, high-ranking males do ini-
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Table 4: Correlation Between Male Dominance Rank (DR) and Reproductive Success (RS), Tenure Length According to
Rank, and Changes in Male Rank and Group Sex Ratios Experienced With Group Transfers.

Species Correlation Between Alpha /Subordinate Rank - — Sex Ratio (M:F) - — Notes
Dominance Rank and Tenure With Transfer With Transfer
Reproductive Success*
Macaca Positive correlation 25.4 + 3.7 mos although |-~ NS differences in sex Alpha males are always
fascicularis  |Alphas sire 60-90 % of all |total tenure of males Males benefit from enter- |ratios within emigration |prime age adults (~9 yrs).
infants with betas siring |who achieve top domi- ing groups at low ranks |and immigration groups |Top rank is only achieved
~ 50 % of the remaining |nance is 61.6 5.6 mos |as internal challenges for |(1) though active challenges
infants (2) as they often remain as  |top rank are more suc- and usually held for at
betas after losing alpha |cessful (84 %) than exter- least one mating season
position (1) nal challenges (34%). (1). Deposed alphas never
Sub. Tenure: Males move into neigh- attain top rank again but
38.2 £ 3.9 mos. (1) boring groups and may take up mid to high rank
be assessing the possibi- in next groups (3)
lities of obtaining high
rank in various groups
prior to joining (1)
M. fuscata No correlation NA - NA Male rank can be in-
yakui Captive study of M. f. Complete changeover in  |Adult males may aggres- |No data on the fates of creased through death/
fuscata. Male rank and  |male membership every |sively enter groups and  |migrating males but dispersal of higher
ejaculatory success were |four years, although not |assume top rank, emigrations seem to be  |ranking males or through
correlated but not with  [simultaneous (4) although most join peace- |related to mating success |dispersal and aggressive
reproductive success (6). fully at low ranks (4) rather than rank (7) entry into new group
In wild groups there is (4, 5, 8). In unprovisioned
an initial correlation groups male rank is re-
between rank and mating lated to age, with males
success but this declines attaining their highest
with troop tenure length. rank in prime adult stage
(10-15 yrs) (8)
Papio Positive correlation 67 mos for top half hier- |- (see notes) ~ Males moved into No direct reports of male

cynocephalus

Dominant males have
reproductive priority, but

archy; 18 mos bottom
half of hierarchy (12)

groups with lower num-
bers of "excess males" (9)

DR changes with trans-
fer. However, male DR is




Species Correlation Between Alpha /Subordinate Rank - — Sex Ratio (M:F) - — Notes
Dominance Rank and Tenure With Transfer With Transfer
Reproductive Success*

Papio male dominance rank is |Rank (12) and mating + correlated to male

cynocephalus

unstable over time (11)

success (9), which are
correlated in this species
(11), are excellent predic-
tors for male tenure
length.

mating and reproductive
success (11) and males
who were unsuccessful
in mating in one group
were successful in the
next (9) indicating a rise
in DR with group trans-
fer. High ranked males
are in prime adult stage
(11)

Chlorocebus

Not measured

20.7 mos for alpha males

Males did not consis-

Alpha status is agonisti-

aethiops + correlation between (N=3) (15) Male rank is reported to |tently transfer into cally attained and
male rank and mating 2.68 yrs for all males; increase with dispersal  |groups with greater achieved, males are
success (13, 14, 15) range 2 - 26 mos (15) (13, 14). Nine of 12 males |numbers of females (14; |assumed to attain highest
for which rank was 15) or those with more ranks in their prime.
known before and after  |favorably skewed sex
transfer, rose in rank ratios (14)
within three months of
their transfer (14) and no
alpha males emigrated
until they lost their
status (15)
Alouatta Positive correlation Breeding/alpha male - NA. - rank and - in available
seniculus Alpha males have exclu- |tenure is 5-7.5 yrs. Alpha [Sub. males will disperse [Subs. that transfer and |mates is only applicable

sive access to copulations
and reproductions;
females refuse matings
with subs. to avoid
infanticide (17)

male is evicted by outside
males or challenged by
subordinates within the
group. If males are rela-
ted, the deposed alpha
will sometimes remain

as a subordinate.

and attempt to take over
breeding position in a
neighboring group.

attain alpha status will
always be experiencing
an - in access to mates
as only the dominant
male reproduces

to those males able to be-
come the breeding male
within a group.

Note: coalitions between
related males last 8.2 yrs,
although these may in-
clude multiple transfer




Species Correlation Between Alpha /Subordinate Rank - — Sex Ratio (M:F) - — Notes
Dominance Rank and Tenure With Transfer With Transfer
Reproductive Success*
Alouatta Alphas never voluntarily (18). Breeding males are
seniculus emigrate (16) prime age adults.
Subordinates in unrela-
ted coalitions disperse in
2.3 yrs (see notes)
Cebus Positive correlation Alphas: 47.9 mos - (21) B Alpha males lose rank
capucinus Alphas siring > 80 % Subs.: 51.4 mos (21) Male rank significantly |Ratio of M:F was signifi- |through takeovers by

offspring (20)

(see notes)

increased with troop
transfer (N=16)

cantly lower in immigra-
tion vs. emigration
groups (N=16) (21)

extragroup males (22);
rank reversals within
group (23); voluntary dis-
persal (21). High ranking
individuals are adults in
their prime (~11-16 yrs)

Lemur catta

No correlation

Captive study (27);

In the wild alpha males
are the first to mate and
they actively guard fe-
males as long as possible
following copulation (28);
mating order appears to
influence paternity in
captive lemurs, although
there was no correlation
between DR and RS (27).

3.5 yrs for all mature
males (28); 3 of 9 domi-
nant males maintained
their position for 6 yrs
(26)

NA

Males usually enter
groups at low ranks (26)
but they may be preferen-
tially moving towards
groups where they can
eventually attain domi-
nant, central position (25)

" Most males transfer
into groups with fewer
males (no mention of sex
ratio) (30); males show a
tendency to leave groups
with higher M:F sex
ratio (25);

Females preferentially
mated with newly intro-
duced, but low ranking
males, while actively
avoiding close maternal
relatives (27); groups are
characterized by one ago-
nistically dominant male
who has priority of access
to resources (29); top
ranked males are prime
adult age (25)

*Unless otherwise noted, all assessments of reproductive success are based on genetic studies of wild populations.
(1) VAN NOORDWIJK and VAN SCHAIK, 2001; (2) DE RUITER et al., 1992; (3) VAN NOORDWIJK and VAN SCHAIK, 1988; (4) SPRAGUE et al.,
1998; (5) SPRAGUE, 1992; (6) INOUE et al., 1993; (7) TAKAHATA et al., 1999; (8) SUZUKI et al., 1998; (9) ALBERTS and ALTMANN, 1995a;

(10) ALBERTS and ALTMANN, 1995b; (11) ALTMANN et al., 1996; (12) SMITH, 1992; (13) CHENEY and SEYFARTH, 1983; (14) CHENEY, 1983;
(15) HENZI and LUCAS 1980; (16) POPE, 2000; (17) POPE, 1990; (18) CROCKETT and POPE, 1993; (19) JACK and FEDIGAN, in press a;

(20) JACK and FEDIGAN, in press b; (21) JACK, 2001; (22) FEDIGAN, 1993; (23) PERRY, 1998; (24) SAUTHER et al., 1999; (25) SUSSMAN, 1992;
(26) SAUTHER et al., 2002; (27) PEREIRA and WEISS, 1991, (28) SAUTHER, 1991; (29) SAUTHER and SUSSMAN, 1993; (30) JONES, 1983.
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tially experience higher copulatory success, but this success decreases with increas-
ing time spent in any one group, possibly an effect of decreased novelty of males to fe-
males over time.

PEREIRA and WEISS (1991) found no correlation between male dominance rank
and reproductive success in their study of captive Lemur catta; however, a closer ex-
amination of their findings, in combination with data gathered from studies of wild
populations of the same species, provides interesting results. In their study of mat-
ing behavior in wild L. catta, SAUTHER and SUSSMAN (1993) found that one of the
adaptive advantages of becoming a central, top-ranking, male is that they are able to
form relationships with females year-round and this enables them first access to fe-
males during the mating season. Interestingly, PEREIRA and WEISS (1991) found
that those males who mated first were successful in reproducing (according to pater-
nity testing); however, in their captive study group, high ranked males did not get
first access to females. Instead, females showed a tendency for mating with a newly
introduced "immigrant” male. These results provide good evidence that captive con-
ditions, which block natural dispersal patterns, influence the mating system, at
least within this species.

Given the finding that dominance rank and reproductive success are positively
correlated in four of the species reviewed here, we can now test the prediction that if
secondary dispersal functions to increase male access to mates, then males should be
trying to increase their dominance rank with troop transfer. Unfortunately, very few
studies are following the fates of dispersing males and even those with impressive
datasets, such as the long-term studies of Papio cynocephalus in Amboseli (e.g.
ALBERTS and ALTMANN, 1995a), do not report data on male rank before and after
group transfers. Data presented in Table 4 indicate that, overall, the species re-
viewed here do show a tendency for males to increase their dominance rank with
group transfers, but no generalizations can be made with the limited evidence avail-
able. The most complete data available again come from the long-term studies of
Cebus capucinus in Santa Rosa National Park, Costa Rica, where the fates of 16
non-natal males were tracked between 1984 and 2000 (JACK, 2001; JACK and
FEDIGAN, unpublished ms.). We found that male C. capucinus experienced a signif-
icant increase in rank with group transfer and although several males maintained
their same rank (namely alpha males moving between groups), none of the males ex-
perienced a decline in dominance rank. As male rank and reproductive success are
positively correlated in this species, the finding that dispersal is either voluntary or
forced, and that males experience an increase in rank with group transfer, provides
very convincing evidence for the intrasexual mating competition hypothesis, for this
species.

Similar results can be extrapolated from the data available on Papio cynoce-
phalus. In this species, male dominance rank is correlated with both mating and re-
productive success (ALTMANN et al., 1996), and male tenure length appears to be
determined by his mating success, with unsuccessful males dispersing sooner than
successful males (see SMITH, 1992; ALBERTS and ALTMANN, 1995a). ALBERTS
and ALTMANN (1995a) found that males who were unsuccessful in mating in one
group were usually successful in the subsequent group. Collectively, these data pro-
vide good evidence that male dispersal is the result of intrasexual mating competi-
tion and functions to increase male mating success. In fact, ALBERTS and ALT-
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MANN (1995a, p. 281) suggest that "[d]ispersal therefore influences every compo-
nent of lifetime reproductive success, and variability in dispersal patterns may be a
crucial source of variance in fitness for male baboons".

DE RUITER et al. (1993) found a positive correlation between male dominance
rank and reproductive success in Macaca fascicularis; however, it does not appear
that males experience a rise in dominance rank with troop transfer. In fact, van
NOORDWIJK and van SCHAIK (2001) suggest that males may benefit from enter-
ing groups at low ranks and then making internal challenges for the dominant posi-
tions within the group, as 84 % of internal challenges for top rank were successful,
compared to only 34 % of external challenges. van NOORDWIJK and van SCHAIK
(2001) found that males transfer into groups where they have a better chance of at-
taining high ranks in the future and that a male’s lifetime reproductive success is
largely determined by his ability to attain high dominance rank. Similar findings
have been reported for Lemur catta, where, although males enter groups at low
ranks, they seem to move towards groups where they have a chance of eventually at-
taining a dominant, central position (SUSSMAN, 1992). Because, in wild popula-
tions, dominant, central, males have priority of access to estrous females, it could be
argued that dispersing males may be attempting to increase their dominance rank
and their access to mates, but additional data are needed before conclusions can be
made. Although no paternity data are yet available for Chlorocebus aethiops, a posi-
tive correlation between male dominance rank and mating success has been re-
ported (CHENEY, 1983; CHENEY and SEYFARTH, 1983; HENZI and LUCAS,
1980). Male transfer in C. aethiops is usually associated with a rise in dominance
rank (HENZI and LUCAS, 1980), which would in turn lead to an increase in mating
success for these males.

Conclusions

Our understanding of dispersal patterns in nonhuman primates, in particular
their reproductive consequences, is extremely limited. Although data on male sec-
ondary dispersal are scant, it does appear to be the norm for most of the well-studied
species and is not restricted to a single life stage. The inbreeding avoidance hypothe-
sis for secondary dispersal predicts that male tenure length should not exceed fe-
male age at reproductive maturity and that males disperse to avoid mating with ma-
turing female offspring. Although average male tenure length is shorter than female
age at reproductive maturity in four of the seven species investigated, collectively,
the data reviewed do not support the inbreeding avoidance hypothesis. Inbreeding
avoidance may be better described, as MOORE and AL (1984) have suggested, as an
epiphenomenon of dispersal rather than an adaptation for it. MOORE and ALI
(1984) argue that the logic behind the assumption that dispersal is an evolved re-
sponse to the occurrence of inbreeding depression is faulty. This logic holds that "(1)
because inbreeding depression is demonstrably costly, selection must have acted to
minimize its occurrence, and (2) as sex differences in dispersal often appear to be the
only thing preventing inbreeding, these sex differences must be the expected adap-
tations for avoiding inbreeding depression” (MOORE and ALI, 1984; p.94). As out-
lined above, there are other mechanisms for avoiding inbreeding, such as female
choice for novel mates, kin recognition, and breeding concessions to coresident
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males, and dispersal is not the only mechanism for preventing inbreeding. This re-
view found that inbreeding avoidance alone does not explain the occurrence of sec-
ondary dispersal in the species investigated here.

Although additional data detailing the fates of known individuals moving be-
tween groups are needed, the data reviewed here provide strong support for the
intrasexual mating competition hypothesis. The intrasexual mating competition hy-
pothesis predicts that males should transfer into groups with more favorable sex ra-
tios or a greater number of cycling females, males should experience increased mat-
ing success with group transfers, and if male dominance rank is linked to mating
and/or reproductive success, males should disperse in an attempt to increase their
dominance rank. Although data availability precluded the power to assess each of
these predictions in all seven species, the intrasexual mating competition hypothe-
sis was supported in each of them. It does appear that male dispersal functions to in-
crease male mating success, be it through transfer into groups with more favorable
sex ratios and/or into groups where a higher dominance rank can be realized.
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