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PREFACE: THE PROXIMATE AND ULTIMATE COSTS AND BENEFITS OF DIS-
PERSAL IN PRIMATES. JONES, C.B.

Primate units (e.g., genes, individuals, groups, populations, species) may be
viewed as patches in temporally and spatially heterogeneous regimes. The study of
primate dispersal entails an investigation of the motivations, causes, and conse-
quences of movement between social groups (CLOBERT et al., 2001 a) for these
units. The present special issue addresses this domain of inquiry from a variety of
theoretical and empirical perspectives.

The "patch" view of physical and biotic (including social) environments, initiated
by MAC ARTHUR and WILSON (1967) and LEVINS (1968; also see LEWONTIN,
1957; LEVIN, 1976) has received increased attention in recent years due to re-
searchers’ attempts to document the effects of habitat fragmentation and other
anthropogenic perturbations upon plant and animal species (HANSKI et al., 1997;
CLOBERT et al., 2001 b). Despite this renewed emphasis upon spatial dynamics in
ecology and population biology, there has been relatively little work in primatology
on the effects of spatial factors within and between populations. A search of the data-
base, PrimateLit (http://primatelit.library.wisc.edu), yields 1,327 abstracts, articles, or
books on the topic, "space" (Table 1). However, most of these publications concern
the spatiotemporal distribution of mates or space as studied by experimental psy-
chologists and neuroscientists, the latter literature reflecting the traditional social
scientific origins of the discipline of primatology as well as an emphasis upon proxi-
mate mechanisms. Table 1 also documents the relative poverty of primate literature
on a variety of topics related to spatial dynamics (e.g., habitat selection: see OSTRO
et al., 2000; refuges: see KINZEY, 1982; JONES, 1987), although the search yielded
463 publications on the topic, "dispersal", 189 on the topic "community" (see FLEA-
GLE et al., 1999; JONES, 1995), and 117 on the topic "fragmentation" (see JONES,
1999).

Table 1: Results of search on PrimateLit on topics related to spatial dynamics
(1940-present).

Topic Number of Citations

Space 1,327

Dispersal 463

Community 189

Fragmentation 117

Biogeography 103

Metapopulation 7

Refuges 1

Spatial foraging 0

Models and theory 0

Patch dynamics 0
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Topic Number of Citations

Population regulation 0

Competition and space 0

Spatial ecology 0

Island biogeography 0

Habitat selection 0

From an evolutionary perspective, dispersal is of fundamental importance since
it may counteract the effects of genetic drift by maintaining the connection between
subpopulations and populations, preventing isolation. The papers in this special is-
sue address dispersal at several levels of analysis, from gene to species, reflecting a
concern for the benefits and costs of dispersal to the inclusive fitness of individuals,
the ultimate selection pressures leading to gene flow (CLOBERT et al., 2001 a). Ta-
ble 2 presents a list of proximate and ultimate factors that may lead to primate dis-
persal, including those factors proposed by PUSEY and PACKER (1987) in their
classic review. Table 2 is not intended to be exhaustive; nonetheless, it does reflect a
contemporary view that primate dispersal may have physiological and developmen-
tal, in addition to abiotic, behavioral, and social causes and consequences. In addi-
tion, Table 2 includes factors pertaining to sexual conflict (e.g., mating rates) which
occurs when traits facilitating the reproductive success of one sex reduce the fitness
of the other sex (see CHAPMAN et al., 2003; NUNN, 2003). Hypotheses for theoreti-
cal and empirical tests of primate dispersal can be generated from Table 2 such as
that sexual conflict might drive female dispersal in some species.

Table 2: Possible proximate and ultimate causes of primate dispersal.

Proximate Factors Ultimate Factors

Interaction rates (including mating rates) Seek unexploited resources for conversion
to offspring

Coercion Avoid mate competition, especially with kin

Force Avoid resource competition, especially
with kin

Persuasion Avoid inbreeding and/or areas of lower
genetic heterogeneity

Attraction to extragroup individuals Avoid other factors deleterious to survival
and/or reproductive success (e.g., sexual
conflict, sperm competition, increasing
population size [see Gavrilets, 2000],
predation, disease, infanticide, parasites,
including social parasites)

Nutrition Locate higher quality mates

Physiological factors (e.g., hormones) Locate genetically compatible mates

Response to environmental perturbation
(e.g., habitat disturbance)

Locate phenotypically compatible mates

Locate more mates
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The organization and editing of this special issue was made possible by the
good-natured involvement of professionals, including the contributors, Dr. Dr. Mi-
chael Schwibbe, Editor of Primate Report, and Heike Klensang, Schwibbe’s Edito-
rial Assistant. I am very grateful for the cooperation of these individuals at all stages
of the present project. I also wish to thank Dr. Rob Horwich for giving me the oppor-
tunity to study black howler monkeys (Alouatta pigra) at the Community Baboon
Sanctuary in Belize in association with his organization, Community Conservation,
Inc. (U.S.A.). I hope that this special issue will promote the study of spatial dynamics
in primates, both theoretically and empirically, in order to achieve a better under-
standing of the spatial patterning of primate populations and the communities of
which they are components.
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THE NUMBER OF ADULT FEMALES IN GROUPS OF POLYGYNOUS HOW-
LING MONKEYS (ALOUATTA SPP.): THEORETICAL INFERENCES.
JONES, C.B.

Key Words: Alouatta, polygynous howling monkeys, female primates, game theoret-
ical models, resource dispersion hypothesis, reproductive skew

Abstract
Several reports have documented that adult female group size in polygynous

howler monkey (Alouatta) species rarely exceeds 4. This paper evaluates three sche-
mas for the interpretation of this phenomenon: (1) a simple game theoretical model;
(2) the resource dispersion hypothesis; and, (3) certain models of reproductive skew.
Similarities among these schemas are noted, and their possible utility in explaining
differences between the typically polygynandrous A. palliata and typically poly-
gynous species of the genus is discussed. Suggestions for future research are pro-
posed, including data required to test each schema.

Introduction
Howlers (Alouatta spp.), members of the Neotropical family Atelidae, are distrib-

uted from southern Mexico to northern Argentina (GROVES, 2001; RYLANDS et
al., 2000; CROCKETT and EISENBERG, 1987). All species studied are structured
into highly communal groups residing on home ranges defended by vocal advertise-
ment, and social organization is notably flexible, characterized by variation in the
number of adult males within groups (CROCKETT and EISENBERG, 1987) and by
the tendency to form sub-groups (KINZEY and CUNNINGHAM, 1994; JONES,
1995a, b; CROCKETT, 1998; CROCKETT and EISENBERG, 1987). Howlers adapt
well to a broad range of habitats, disturbed or undisturbed, though, because these
wholly vegetarian monkeys are almost exclusively arboreal, habitat disturbance, in-
cluding fragmentation, can threaten their survival (CROCKETT, 1998). Compared
to many other primate taxa (e.g., some species of Macaca and Papio), overt conflict is
thought to be uncommon in howlers (e.g., CARPENTER, 1934; JONES, 1980, 2000;
MENDES, 1989; SILVEIRA and CODENOTTI, 2001), and, of the direct agonism ob-
served (e.g., chases, fights), several authors have noted that it is more common
among adult females than among adult males (JONES, 2000; GIUDICE, 1993; also
see CARPENTER, 1934; ZUCKER and CLARKE, 1998). Communication is primari-
ly vocal in howlers (WILSON, 1975; CARPENTER, 1934; ALTMANN, 1959; JONES,
1980 2000; SILVEIRA and CODENOTTI, 2001), leading some authors to suggest
that this genus provides a rich model for the evolution of social behavior (WILSON,
1975; CROCKETT, 1987; EISENBERG, 1991).

While a significant degree of variability exists in primate sociosexual organiza-
tion (DIXSON, 1998), most species live and reproduce in social groups including at
least one adult male, one adult female, and their offspring. Following DIXSON’s
(1998) classification, "polygynous" primates are characterized by those species hav-
ing one reproductive male and one or more reproductive females per group. GRO-
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VES (2001) describes eight howler species confirmed to have a modal polygynous so-
cial structure. The present paper discusses adult females of four of these species: A.
seniculus (the red howling monkey), A. pigra (the black howling monkey), A. caraya
(the black and gold howling monkey), and A. guariba/A. fusca (the red-and-black
howling monkey). None of the polygynous species has been studied as thoroughly as
the congeneric mantled howling monkey (A. palliata), whose modal sociosexual or-
ganization is polygynandrous (multimale-multifemale). In this paper, an attempt is
made to evaluate three schemas pertaining to adult female group size and dispersal
in polygynous howlers: (1) a simple game theoretical formulation; (2) the resource
dispersion hypothesis [RDH]; and, (3) certain reproductive skew models. Addition-
ally, I will attempt to highlight the data required to resolve unanswered questions.
In the following, "female group size" pertains to group size of adult females.

Adult Female Group Size in Polygynous Howlers and its Relationship to Dispersal
A female’s tactics and strategies to optimize lifetime reproductive success will be

constrained by her energetic requirements (SCHOENER, 1971), including her ini-
tial investment in the size and cost of gametes (TRIVERS, 1972). Females are ex-
pected to adopt those behavioral programs conferring the most advantageous bene-
fit to cost ratio from the conversion of resources, especially food, into offspring
(EMLEN and ORING, 1977; BRADBURY and VEHRENCAMP, 1977; WRANG-
HAM, 1980; SILK, 1993; WITTENBERGER, 1980). In density-dependent condi-
tions, the availability of energy will ultimately limit group size (WILSON, 1975;
WITTENBERGER, 1980); however, modal population structure (i.e., whether "dis-
persed", "polygynous", or "multimale-multifemale" groups occur) is thought to be a
function of resource distribution, abundance, monopolizability, and quality in time
and space (see review in HORWICH et al., 2001, pp. 47-49). Other factors may also
influence population structure such as predation, male agonism, or habitat satura-
tion (VAN SCHAIK, 1983; CROCKETT and JANSON, 2000; EMLEN, 1995;
STERCK et al., 1997; JOHNSON et al., 2002). The relative importance of these fac-
tors for female group size is disputed in the primate literature (e.g., CROCKETT and
JANSON, 2000; ISBELL and YOUNG, 2002; STERCK et al., 1997).

Several authors have noted a remarkable feature of female groups in polygynous
howlers: population surveys document that female group size rarely exceeds 4
(CROCKETT and EISENBERG, 1987; CROCKETT and POPE, 1993; CROCKETT,
1996; CROCKETT and JANSON, 2000; HORWICH et al., 2001; A. seniculus: RUD-
RAN, 1979; IZAWA, 1992; see CROCKETT, 1996; A. pigra: HORWICH et al., 2001;
OSTRO et al., 1999; OSTRO et al., 2001; LOPEZ and RUMIZ, 1995; BOLIN, 1981;
ESTRADA et al., 2002a,b; A. caraya: THORINGTON et al., 1984; RUMIZ, 1990;
GIUDICE, 1993; G.E. ZUNINO, personal communication (p.c.), April 2000; A. fusca
[A. guariba]: da SILVA, 1981; MENDES, 1989). For A. caraya, female group size > 4
appears most likely to occur on islands where populations are likely to be saturated
(Isla Guascara, Argentina: RUMIZ, 1990; Isla Brasilera, Argentina: G.E. ZUNINO,
p.c., April 2000). HORWICH et al. (2001, p. 53) concluded that "adult female group
size in polygynous howling monkeys is highly conserved", and CROCKETT and
JANSON (2000, p. 90), discussing A. seniculus, proposed that patterns of dispersal
are "directly related to the number of adult females already present in the natal
troop".
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In 1975, WILSON argued that group size results from factors leading individuals
to join and to leave groups combined with the selection pressures on individual re-
sponses to these forces. Thus, determining the costs and benefits of emigration and
immigration to howler females who have attained group membership compared to
those seeking group membership should reveal, in part, the causes of their conserva-

tive group size. Because maximum female group size is �4 in all species of poly-
gynous howlers studied to date, the factors accounting for this phenomenon are pro-
posed to be the same in each case. Female-female competition for group member-
ship, and subsequent access to limited breeding positions, may be the ultimate ex-
planation for conservative female group size in polygynous howlers (CROCKETT
and EISENBERG, 1987; CROCKETT, 1984; see JONES, 1980), and dispersal is
thought to be the proximate mechanism underlying the limitation of female num-
bers in these groups (CROCKETT and EISENBERG, 1987).

Female dispersal has been documented in several species of polygynous howlers
(A. seniculus: CROCKETT, 1984; A. pigra: BROCKETT et al., 2000, and references;
A. caraya: CALEGARO-MARQUES and BICCA-MARQUES, 1996), and both sexes
of howling monkeys emigrate from their natal groups as juveniles (CROCKETT and
EISENBERG, 1987; JONES, 1978, 1980; GLANDER, 1992; CROCKETT and POPE,
1993; see PUSEY and PACKER, 1987). While "secondary dispersal" is rare or absent
in most howler societies (GLANDER, 1992), adult females may emigrate from
groups (GLANDER, 1992; JONES, 1980), and ejection (i.e., expulsion from the group
by another member of the same sex ["targeting": STERCK et al., 1997]) appears to be
an important mechanism leading to the egress of females from howler groups
(JONES, 1980; CROCKETT, 1984; BROCKETT et al., 2000). Howler females, then,
may be forced by other females to leave groups independent of the costs associated
with emigration (see CROCKETT and POPE, 1993, p. 117), and probabilities of ejec-
tion entail (predictable?) costs associated with group membership for female howl-
ers.

A Simple Game Theoretical Model of Female Dispersal in Howlers
GROSS (1996; also see WEST-EBERHARD, 1979) argued that social interac-

tions drive individual phenotypic variation within the sexes and that game theory
and the evolutionarily stable strategy (ESS) concept may be utilized to analyze "how
and why selection favours alternative phenotypes" (p. 92). Fig. 1 (based on PULL-
IAM and CARACO, 1984) displays a hypothetical two-individual (two-female) game.
Each female is presumed to be acting selfishly to optimize individual fitness, and fe-
male 1 may be regarded as dominant to female 2 where female 1 is the actor with
greater resource holding potential (PARKER, 1974) at the time of the interaction.
This view implies that rank may be density- and/or frequency-dependent, possibly
sensitive to interaction rates, and that rank may vary over time and space (see
GROSS, 1996). In general, dominants are presumed to accrue higher relative fitness
for the period of time that the interactions persist. However, "role reversal", whereby
the subordinate wins a contest with the dominant and the dominant subsequently
becomes subordinate, or ejection of the dominant may occur (CANT and JOHN-
STONE, 2000), especially where the subordinate has more to gain by winning than
the dominant has to lose (PARKER, 1974; see JONES, 1980, p. 400). As pointed out
by CANT and JOHNSTONE (2000), agonistic interactions between two individuals
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may have one of three outcomes: (1) the loser may be killed (an outcome that has not
been reported for female howlers); (2) the loser may be evicted, a documented effect
for female howlers (see references above) and modeled in Fig. 1; or, (3) the loser be-
comes (or remains) subordinate, an outcome also documented for female howlers
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Fig. 1: A two-person game displayed as a payoff matrix in each of four (hypothetical)
conditions (based on PULLIAM and CARACO, 1984, Fig. 5.4). Rows and columns are
controlled by individual (female) 1 and individual (female) 2, respectively. Transition
graphs are displayed to the right of each payoff matrix showing expected outcomes if
individuals make decisions optimally. See text for further explanation.



(see references above) and modeled in Fig. 1. Fig. 1 may also be viewed as a game be-
tween kin whose decisions will be sensitive to the intensity of competition in differ-
ent environmental regimes (see PEREZ-TOME and TORO, 1982; WEST et al.,
2002).

Fig. 1 illustrates the straightforward example of two females interacting, say,
contesting the resource "group membership" or "breeding position", with two possi-
ble strategies (condition-dependent behavioral phenotypes: see GROSS, 1996), tol-
erate (T) or eject (E). If T, then it is in the interest of an individual to tolerate another
in the group. If E, then it is in the interest of an individual to eject her rival from the
group. The four matrices in Fig. 1 (a-d) display different (hypothetical) fitness values
in four states (e.g., competitive regimes). In each cell of each matrix, the number
above the diagonal refers to the relative fitness of female 1, and the number below
the diagonal refers to the relative fitness of female 2. These matrix "payoff" values
can represent fitness in the general sense ("inclusive fitness") resulting from the
benefits and costs of female group membership (i.e., access to group membership
and/or breeding positions) as well as fitness benefits and costs in rates of food intake,
predator detection and defense, protection from infanticide, access to mates, and the
like (see WEST et al., 2002).

Decisions, not necessarily conscious, are presumed to be those strategies reflect-
ing individual self-interest. In each condition, four outcomes are possible: T, T where
both females decide to tolerate each other in the group. This outcome should yield no
agonism or low levels of agonism between females because it is in the interest of both
females to tolerate each other in the group. For the second possible outcome, T, E, it
is in the interest of female 1 to tolerate female 2 and in the interest of female 2 to
eject female 1. Female 1 may decide to tolerate female 2 because of benefits related
to assistance in predator defense or foraging, or kinship, for example. It may, how-
ever, be in the interest of female 2 to eject female 1 as a result of "dominance testing"
(CANT and JOHNSTONE, 2000) or interference competition. In this situation, if fe-
male 2 is subordinate to female 1, female 2 may attempt coalitions or alliances with
other females to eject female 1. While such coalitions have been documented for A.
palliata females (JONES, 1980, 2000), they have not been reported for female how-
lers of polygynous species. Nonetheless, this condition may lead to conflict, yielding
agonistic interactions among females. With this outcome, female-female agonism,
whether direct or indirect, may not be intense, since, as reflected by the fitness val-
ues for each female in this cell of the four matrices, female 1, the presumed domi-
nant, has the advantage in pairwise interactions.

For the third possible outcome, E, T, it is in the interest of female 1 to eject female
2 but in the interest of female 2 to tolerate female 1, possibly because of low likeli-
hoods of finding a breeding position elsewhere (see EMLEN, 1995). In this condition,
female 2, the presumed subordinate, will have more to gain than female 1 has to lose
(PARKER, 1974; see JONES, 1980, p. 400); thus, female 2 is expected to expend
greater relative effort in retaining group membership and, thus, a breeding position.
While female-female agonism is expected with this outcome, it may not be intense
since conflicts may be settled quickly, either because the dominant has greater fight-
ing ability relative to the subordinate or because the dominant assesses the subordi-
nate’s willingness to invest more in winning, leading to "role reversal", where the
dominant becomes a subordinate within the group, or ejection of the dominant (fe-
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male 1) from the group (CANT and JOHNSTONE, 2000). Alternatively, where it
pays the subordinate (female 2) to invest more in winning, the dominant (female 1)
may form coalitions or alliances with other subordinates to defeat female 2.

For the fourth possible outcome, E, E, it is in the interest of both individuals to
eject the other, possibly because of mutual interference or other disadvantages (e.g.,
increased likelihood of infanticide: CROCKETT and JANSON, 2000). This condition
may be reflective of the situation for polygynous female howlers when maximum
group size has been attained, whatever the precise factors making a group size no
more than 4 advantageous. Again, as the fitness values within this cell in all four
matrices indicate, female 1, the presumed dominant, has the advantage; however,
female-female agonism under these conditions is expected to be intense, and, as for
the third outcome, may be a function of fighting ability of the dominant or level of in-
vestment ("motivation") by the subordinate. For the second, third, and fourth possi-
ble outcomes, the frequency, rate, intensity, and duration of agonism between inter-
acting females is expected to be a function of the total number of adult females in the
group, total group size, coefficients of relatedness within groups, the rank difference
between females, the likelihood of damaging encounters, as well as other factors
(e.g., the clumping and monopolizability of patchy and ephemeral food or other limit-
ing resources). Further, females of different rank may have different optimal group
sizes, another factor that may produce female-female conflict and that may influ-
ence the relative fitness values for each matrix in Fig. 1.

Fig. 1 also displays a "transition graph" to the right of each matrix showing
changes in decisions (displayed within circles) based upon payoff values from one
cell to another. In Fig. 1a, only strategy T, T is stable (i.e., no other strategy can in-
vade it, as indicated by the convergence of arrows upon T,T in this transition graph).
In Fig. 1b, both E, T and T, E are stable, and arrows in the transition graph for this
matrix converge on these two options. In Fig. 1c, only T, T is stable, as indicated by
the convergence of arrows on T,T in the transition graph. Finally, in Fig. 1d, no sta-
ble equilibrium exists, and arrows converge on none of the four possible combina-
tions. Following PULLIAM and CARACO (1984), transition graphs assume only
that (1) each individual (female) has sampled the four possible states and processes
values of their relative benefits and (2) an individual (female) switches her decision
only if higher relative benefits can be obtained by doing so (see GROSS, 1996;
WEST-EBERHARD, 1979). Fig. 1 can thus be said to display "perfect information
decision rules".

The transition graphs can be described in greater detail. Fig. 1a demonstrates an
equilibrium only when both females decide to tolerate each other. Thus, either fe-
male benefits from a switch to T from any other state. Once one female decides upon
T, the other will do the same, since either gains from such a choice (see fitness values
in matrix). In the final result, once both females have chosen T, the condition is pre-
served as long as any further move results in lower relative individual fitness for ei-
ther female.

In Fig. 1b, the costs of T outweigh the benefits (i.e., T, T accrues a lower fitness
value than E, T or T, E, as seen in the payoff matrix). Either female thus benefits
from a decision to eject the other (E) when the other female is in state T. Therefore,
whenever both females are interacting, the only stable equilibrium occurs when one
female chooses T and the other, E (i.e., either E, T or T, E).
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Figure 1c displays a state like Fig. 1a whereby the benefits of T outweigh the
costs (i.e., the highest benefits to each female accrue when both tolerate each other,
as shown in the payoff matrix). In this state, however, when both females choose E
(i.e., E, E), T fails to pay more, as long as the other retains her choice. However, both
females benefit by a decision to tolerate each other (T, T). Thus, following PULLIAM
and CARACO (1984), state T, T is a "cooperative" (Pareto) equilibrium.

Fig. 1d displays a case for which no stable equilibrium exists. The consequence of
such an unstable equilibrium is a "round-robin" (PULLIAM and CARACO, 1984)
whereby female 1 chases female 2 from situation to situation. As PULLIAM and
CARACO (1984) point out, such round robins follow from optimal decision rules
whenever one individual (female) always benefits from one tradeoff and the other al-
ways benefits from an alternative one (e.g., in the matrix for Fig. 1d, no matter what
decision one female makes, the other female can always do better with an alternate
one). Conflicts of interindividual interest may be particularly intense under these
conditions (PULLIAM and CARACO, 1984) and may exist for female howlers in
polygynous species where competition is of the "scramble" variety (see CROCKETT
and JANSON, 2000; also see STERCK et al., 1997), such as where limiting re-
sources, particularly food, are ephemeral and unmonopolizable (see JONES, 1996;
JONES and CORTES-ORTIZ, 1998).

Fig. 1 represents a model showing how female group size might be limited by fe-
male-female interactions, in particular, tendencies to eject or to tolerate other fe-
males in varying conditions. CROCKETT and EISENBERG (1987, p. 67; also see
CROCKETT, 1984; HORWICH et al., 2001) concluded that "female emigration"
characterizes howlers and that "female-female competition is a mediating factor".
Fig. 1 assumes that group membership and consequent breeding positions are limit-
ing resources for females of polygynous howler species, resources for which females
might compete if it is in their interest to do so. The howler literature supports the
view that females experience intense competition for group membership and, conse-
quently, breeding positions within groups (JONES, 1978, 1980; CROCKETT, 1984;
CROCKETT and JANSON, 2000). Fig. 1, then, provides a proximate explanation for
variations in the number of adult females in groups of polygynous howlers.

The Resource Dispersion Hypothesis (RDH) and Female Group Size in Howlers
Alternative behavioral phenotypes such as those described in Figure 1 permit in-

dividuals to adapt to spatially and temporally heterogeneous regimes (biotic, includ-
ing social, and abiotic; see GROSS, 1996). Since females are "energy maximizers"
(SCHOENER, 1971; also see SILK, 1993) and since the availability of energy will ul-
timately limit group size (WILSON, 1975; WITTENBERGER, 1980), it seems parsi-
monious to conclude that female group size in polygynous howlers is a primary func-
tion of variation in food resources where populations occur in density-dependent
conditions (WITTENBERGER, 1980). The RDH predicts that the temporal and spa-
tial dispersion, abundance, and quality of resources lead animals to accrue a larger
territory or home range than required for survival and reproduction because an area
large enough to encompass unpredictable patterns of resource availability is needed
(JOHNSON et al., 2002). These larger areas, accrued in response to the patchiness of
resources, yield an excess of resources, permitting the coexistence of secondary ani-
mal(s) without loss of fitness for the primary (JOHNSON et al., 2002).
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For our present discussion of dispersal and its relationship to female group size in
polygynous howlers, it is the temporal component of the RDH that is of most concern
since theory predicts that mammals are most likely to disperse, or, possibly, be
ejected from, their resident groups in the face of temporal environmental variation
(JOHNSON and GAINES, 1990). While the RDH makes no specific predictions
about group size (JOHNSON et al., 2002), it follows from these authors’ arguments
that group size will be a function of the richness and dispersion of resources within
patches. JOHNSON et al. (2002) point out that support for the RDH may derive from
a demonstration that group size and home range size are uncorrelated. While few
data exist to test this relationship for polygynous howlers, preliminary reports indi-
cate that group size and home range size are uncorrelated in most cases (A. pigra:
OSTRO et al., 1999; A. caraya: ZUNINO et al., 2001; G.E. ZUNINO, personal com-
munication, December 2002; also see SEKULIC, 1982, for A. seniculus).

Tolerance of secondary females by primary females may be viewed as a form of re-
productive incentive to secondaries to remain in the group. This view assumes that
the fitness of the primary female is not decreased below some threshold value by the
addition of one or more secondary females and that there are costs to dispersal yield-
ing benefits from group membership to the secondary female (JOHNSON et al.,
2002). Ejection would be favored where costs (to inclusive fitness) exceed some
threshold value for the primary female (see WEST et al., 2002). The RDH leads to
the conclusion that small female group sizes in polygynous howler species result
from relatively less resource heterogeneity compared to mantled howlers for whom
high resource heterogeneity may increase environmental unpredictability and im-
pose high costs of eviction to primary females, outweighing the benefits of evicting
secondaries. One advantage of the RDH approach is that it explains the formation
and maintenance of groups without a need for explanations dependent upon "func-
tional benefits" (e.g., predator defense, risk of infanticide, competition for food:
JOHNSON et al., 2002, p. 564). An inference from the RDH combined with dispersal
theory is that the temporal heterogeneity of food will favor female dispersal in
polygynous howlers.

Dispersal and Reproductive Skew in Groups of Polygynous Female Howlers
In the RDH, an incentive to stay in the group can be any factor making group life

beneficial to the secondary animal, whether provided directly by the primary animal
or not (JOHNSON et al., 2002). Related to this, "staying incentives" to subordinates
by dominants are central to many discussions of reproductive skew (the apportion-
ment of reproduction within groups: e.g., REEVE and EMLEN, 2000; CANT and
JOHNSTONE, 2000). First, in skew theory’s "concession" models (e.g., REEVE and
EMLEN, 2000), an incentive is defined as a share of reproduction (total group [re-
productive] productivity) conceded to the subordinate by the dominant. Incentives
are theorized to induce the subordinate to remain in the group and, since it is the
dominant who "decides" to yield or not to yield a staying incentive (e.g., group mem-
bership or a breeding position), the dominant ultimately determines group size
(REEVE and EMLEN, 2000).

Dominant female howlers may employ at least two incentives pertinent to the
present discussion: (1) allowing a subordinate female to achieve membership in the
group and (2) allowing a subordinate to breed in the group. Because of the character-
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istic "age-reversed" dominance hierarchies found in howlers (JONES, 1978, 1980,
1983) and because reproductive suppression of subordinates by dominants appar-
ently does not occur in howlers (see STRIER, 2001), both incentives have, essen-
tially, the same consequences and will be treated here interchangeably. It is impor-
tant to note, however, that, in groups of unrelated individuals, "the staying incentive
decreases with increasing [group size]; in particular, the staying incentive always
decreases with increasing group size if the relatedness is zero" and solitary output
(the reproductive output of a solitary breeder) is greater than zero (REEVE and
EMLEN, 2000, p. 643). Thus, for polygynous female howlers whose relatedness to
other group members may be low because of dispersal patterns, staying incentives
(opportunities for breeding within the group) are expected to decrease as group size
approaches the saturation point (the point at which strategy E (Fig. 1) benefits the
dominant: REEVE and EMLEN, 2000), if the subordinate’s reproductive potential is
> 0.

Saturated group size will be determined by local (patch) conditions, explaining
why group size for polygynous female howlers does not always reach 4 since patches
may vary in their capacity to sustain individuals, affecting the tradeoffs to individu-
als of staying, leaving, or ejecting. It is not clear whether studies of polygynous howl-
ers reporting female group sizes < 4 represent unsaturated groups (group sizes for
which T benefits the dominant: REEVE and EMLEN, 2000) or groups whose satura-
tion size is < 4 (group sizes for which T (Fig. 1) is unbeneficial to the dominant). As
REEVE and EMLEN (2000, p. 645) point out, empirical tests of theoretical predic-
tions of concession models "requires knowledge of whether groups are or are not sat-
urated". Future research on female group size in howlers needs to address this issue,
possibly with field experiments manipulating the number of females in groups and
measuring the strategies of dominants before and after manipulation. Such studies
would require empirical assessment of ecological constraints (i.e., the likelihood of
solitary breeding), group productivity, and average relatedness within groups (r).

Where r within groups is low, as it is thought to be for howlers (see POPE, 1992;
JONES, 1995c), REEVE and EMLEN’S (2000) model describing group size in satu-
rated groups predicts that decreases in group size will occur by ejection of subordi-
nates by dominants or, less commonly, by other subordinates. Since ejection ("tar-
geting": STERCK et al., 1997) is apparently characteristic of howlers, it follows that
concession models should be very helpful in understanding howler behavior and so-
cial organization as well as other primate species exhibiting ejection. Importantly,
CANT and JOHNSTONE (2000) point out that it is critical for empirical studies to
document who initiates agonistic interactions in order to resolve questions concern-
ing the apportionment of incentives, and REEVE and EMLEN (2000) stress the sig-
nificance of assessing the costs of eviction to dominants.

Following CANT and JOHNSTONE (2000, p. 406), skew theory predicts that
"The size of...staying incentives is predicted to decrease (and reproductive skew to
increase) according to three factors: first, the extent to which opportunities for inde-
pendent breeding are constrained by ecological factors; second, the extent to which
the presence of a subordinate increases the productivity of the group; and, third, the
relatedness between dominant and subordinate". Each of these factors will be dis-
cussed briefly in turn. Nothing is known of reproductive skew in polygynous howl-
ers, although female A. seniculus are unable to breed successfully outside a group
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(CROCKETT and JANSON, 2000). This finding most likely applies, as well, to other
howlers (e.g., A. pigra, A. palliata, C.B. Jones, personal observation). Numerous sur-
veys of polygynous howlers document that a reproductive unit may comprise only
one reproductive male and one reproductive female (see references above). HOR-
WICH et al. (2001, pp. 58-59), studying A. pigra, found that 16 % of the groups in
their sample contained just one adult male and one adult female. These authors ar-
gued, however, that, because relative reproductive success (RRS: the mean number
of immatures:females per female group size) decreased with an increase in female
group size, reproductive rates were highest in one-female reproductive units. HOR-
WICH et al. (2001) suggested that, while a female group size of one may be optimal
for female fecundity, it may be unstable because of environmental heterogeneity, in-
efficient predator detection, or other factors. Whatever the reality turns out to be,
skew theory predicts that smaller group sizes are associated with "relaxed" ecologi-
cal constraints (REEVE and EMLEN, 2000), consistent with BOLIN’s (1981) find-
ings for Belizean A. pigra after a major storm had decimated the population, pre-
sumably yielding opportunities for independent reproduction by females.

Ecological effects may constrain the breeding of subordinate females if they are
impacted to a greater degree by the effects of environmental heterogeneity, in partic-
ular, temporal environmental heterogeneity. In general, skew theory predicts that
high skew will be correlated with "severe" ecological constraints while low skew will
be correlated with "weak" ecological constraints (CANT and JOHNSTONE, 2000;
REEVE and EMLEN, 2000). Thus, it is expected that polygynous female howlers in
conditions of high population density (e.g., A. pigra: OSTRO et al., 2001; HORWICH
et al., 2001, Table 1) would exhibit high skew while polygynous female howlers in
conditions of low population density (e.g., A. pigra: BOLIN, 1981; see OSTRO et al.,
2001; HORWICH et al., 2001, Table 1) would exhibit low skew. REEVE and
RATNIEKS (1993) showed further that no incentives at all are required if ecological
constraints are very severe (i.e., no opportunities for independent reproduction, for
example, through colonization). As noted above, dominant howler females have not
been shown to suppress the reproduction of subordinates; thus, this possibility ap-
pears unlikely, probably because, in groups of unrelated females, benefits from indi-
rect reproduction (assisting the reproduction of kin) would be low (but see WEST et
al., 2002). In sum, where howler females experience intense ecological constraints
(i.e., low opportunities for independent breeding leading to intense competition for
group membership and, consequently, breeding positions within groups), then skew
is expected to be high. Following CANT and JOHNSTONE (2000), groups are ex-
pected to form only where ecological constraints are moderate to high.

Concerning CANT and JOHNSTONE’s (2000) second factor, no study of poly-
gynous howlers has measured the extent to which a subordinate may increase group
productivity, although factors reducing group productivity (e.g., agonism by subordi-
nates) are expected to increase skew (see CANT and JOHNSTONE, 2000, pp. 408-
409). HORWICH et al.’s (2001) demonstration that RRS decreased significantly
with increasing female group size showed that, as group size increased, group pro-
ductivity decreased. CROCKETT and JANSON (2000, p. 90), utilizing different
methods than in the A. pigra study, found that "larger group size may depress birth
rate" for A. seniculus; however, their result was not significant. Assuming that the
addition of a subordinate benefits the primary female of a one-female group (e.g., by
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increasing survivorship of the primary by increased efficiency in predator detection
or foraging), these results suggest that there exists a threshold at a saturated group

size no more than �4 whereby these advantages begin to decrease. This threshold
may occur for females of polygynous howler species where environmental heteroge-
neity of limiting resources increases beyond some threshold value that is difficult for
females to predict. The optimal response for dominant female howlers in polygynous
species may be to eject subordinate females, possibly in response to interaction
rates, constricting group size (see Figure 1, b and d) and enhancing competition for
breeding positions within a population.

Considering CANT and JOHNSTONE’s (2000) third factor, due to the effects of
dispersal, as stated above, average r is expected to be low in female groups of poly-
gynous howlers, although precise values of r for female groups have not been repor-
ted (but see POPE, 1992). CANT and JOHNSTONE (2000, p. 413) predicted that "in-
creasing relatedness favors high skew and [lower levels of aggression]". Thus, poly-
gynous female howlers in groups with low average r are expected to show lower lev-
els of skew and higher rates of aggression, all other things being equal, than compa-
rable females in groups with higher average r.

Assessing the import of group size for reproductive skew, REEVE and EMLEN
(2000, pp. 643-644) showed that "the sensitivity of the staying incentive to related-
ness will decline with increasing size". Thus, as female group size increases from 2 to

�4 for polygynous howlers (depending upon saturated group size), the relationship
between staying incentive and r becomes less important. These authors go on to
state, "when relatedness is zero, one would expect low solitary outputs [i.e., solitary
reproductive potential] to be associated with large saturated group sizes and high
skews, whereas high solitary outputs would be associated with small saturated
group sizes and low skew" (p. 643). Again, the saturation threshold will vary with
particular local (patch) conditions, determining the precise outcomes of the relation-
ships between ecological constraints, group productivity, and relatedness. REEVE
and EMLEN (2000; also see WEST et al., 2002) showed, however, that the dominant
will be more sensitive to average r and that, in general, the role of ecological con-
straints in determining skew will be more important than the role of relatedness.

A Comparative Note on Female Groups of A. palliata
The typical polygynandrous population structure of mantled howling monkeys

differs significantly from its polygynous congeners (e.g., CROCKETT and EISEN-
BERG, 1987), and CROCKETT and POPE (1993) suggest that A. palliata may be
"less territorial than" polygynous howlers, may be more likely to form subgroups
than to limit female group size in response to low-density and clumped resources,
and may exhibit "reduced male-male competition" compared to polygynous howlers.
Can concession models yield insights into these differences? As noted above, all
howler species exhibit ejection by dominants of subordinates and, possibly, of subor-
dinates by other subordinates. JONES (1978, 1980, 2000) demonstrated that coali-
tions may be formed between dominant and subordinate female mantled howlers to
eject a female subordinate; however, the initiator of these coalitions was not deter-
mined. A characteristic feature of mantled howler groups compared to groups of
polygynous howlers is that mean group size is greater for A. palliata (CROCKETT
and EISENBERG, 1987; CHAPMAN et al., 1998). Since concession models predict
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that large saturated group sizes and high skews are associated with low solitary out-
puts, it is expected that, in general, ecological constraints would be greater for man-
tled howler females than for females of polygynous howler species. It is not clear
whether the responses of A. palliata compared to its congeners is likely to be—or was
likely to have been over evolutionary time—more sensitive to the mean or variance
of ecological constraints. However, preliminary evidence does support the present
prediction, since mantled howlers at Hacienda La Pacifica are more likely to immi-
grate into existing groups (GLANDER, 1992; see JONES, 1980) while Venezuelan
red howlers are more likely to colonize open habitat (POPE, 1992; CROCKETT and
POPE, 1993).

Concession theory also predicts that the staying incentive is directly related to
the success of solitary breeding and that "the staying incentive should always de-
cline with increasing group size for groups of non-relatives (r= 0)" (REEVE and
EMLEN, 2000, p 645 [emphasis in original]). Thus, it is expected that mantled
howler females are less likely to tolerate other females (offer incentives in the form
of breeding positions in the group) than are females of polygynous howler species.
Indirect evidence supports this prediction since the frequency of agonism by man-
tled howler females is noteworthy (JONES, 2000; also see ZUCKER and CLARKE,
1998) while that of Belizean A. pigra is not (BROCKETT et al., 2000; but see
GIUDICE, 1993 for A. caraya). If female mantled howlers are comparatively less tol-
erant of one another (less likely to offer incentives and more likely to be agonistic)
than their congeners, then this prediction of skew theory may explain why adult
males of this species have been observed to assist the entry of young females into
groups (GLANDER, 1992). REEVE and EMLEN (2000) suggest ways in which skew
theory might be tested, and future studies of howlers should assess differences
within the genus in relation to the predictions of concession theories (e.g., REEVE
and RATNIEKS, 1993; REEVE and EMLEN, 2000; see HAGER, 2003).

Finally, REEVE and EMLEN (2000) conclude that groups of non-relatives may
generally be larger than groups of relatives, leading to the prediction that average r
may be lower in groups of female mantled howlers than in groups of polygynous fe-
male howlers. PUSEY and PACKER (1987) point out, however, that r is expected to
decrease with an increase in group size; thus, causal factors may be obscured by the
larger mean group size of mantled howlers. While data to test this prediction in a
tentative way for howlers are unavailable, POPE (1992) showed that, for A. senicu-
lus in Venezuela, "the breeding females within an established troop eventually come
to form a single matriline" (p. 1117). Her pattern of results may apply to females of
other polygynous howler species, possibly explaining, in part, differences between A.
palliata and its congeners, as well as intraspecific and interspecific differences of
polygynous howlers. Models of reproductive skew have been applied most thor-
oughly to insect societies and to cooperative breeders; thus, caution is indicated
when using these models for an analysis of most primate species. In particular,
intersexual interactions (e.g., mate choice and male agonism) may be as important
as intrasexual ones (KOENIG and HAYDOCK, 2001) in determining the partition-
ing of reproduction within groups and group size, as observations for mantled how-
lers suggest (JONES, 1985; JONES and CORTES-ORTIZ, 1998). Other formula-
tions, such as "limited control" models in which the dominant’s control of group pro-
ductivity is incomplete (CLUTTON-BROCK, 1998), may provide a more realistic in-
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terpretation of primate societies. Nonetheless, as initially pointed out by HAGER
(2003), concession models of reproductive skew provide an initial attempt to dissect
the causes, consequences, and dynamics of female relations in primates.

Conclusion
The present paper exhibits three related schemas for interpreting (adult) female

group size in polygynous howling monkeys: a simple game theoretical framework,
the RDH, and concession models of reproductive skew. The invariant property
shared by each schema is that a primary female (generally, the dominant) will toler-
ate or not tolerate (eject) a secondary female relative to her (the primary’s) self-
interest. The game theoretical approach shows that such decisions will be based
upon the relative fitness values of making one or the other decision—as a function of
the choices that other females make. In the RDH, decisions are a function of the tem-
poral and spatial heterogeneity of resources whose dispersion and quality determine
whether or not a home range can support one or more secondary females without a
cost to the primary’s fitness. This approach has the advantage of not requiring func-
tional explanations (e.g., benefits in terms of infanticide risk, predator defense, or
competition for food) to explain female group size. Concession models of reproduc-
tive skew lead to several predictions about female group size based upon ecological
constraints, total group output, and average r within groups (e.g., REEVE and
EMLEN, 2000). While the inferences made here appear relatively straightforward,
factors influencing reproductive skew may be complex and may interact. Thus, em-
pirical, in particular, experimental, tests of skew theory are especially critical for the
application of these models to primate behavioral ecology and evolution.

In order to evaluate each of these schemas, to assess their similar properties and
predictions, and, ultimately, to test these general principles of the causes and conse-
quences (including the genetic architecture of populations) of female group size for
polygynous howlers, empirical research is required to measure the costs and bene-
fits to females of their decisions to disperse or not to disperse and/or to tolerate or not
to tolerate other females. Further investigation is also needed to measure average r
within female groups, to measure patch quality, including the local abundance of re-
sources, the degree to which resources are ephemeral and monopolizable, and the
quality of resources, especially, food. Related to the assumptions of each of the
schemas discussed in this paper, WITTENBERGER’s (1980; also see HORWICH et
al., 2001, pp. 58-59) treatment highlights the importance of measuring female
survivorship and fecundity (reproductive rates) in order to assess the costs and ben-
efits of sociality to females, a tradeoff central to each schema discussed here.

While the present discussion focuses attention upon females of polygynous
howler species, it is expected to apply as well to other species for which eviction ("tar-
geting") is characteristic. The study of female group size in mammals can be traced
to early papers by GEIST (1974) and CLUTTON-BROCK and HARVEY (1976)
whose ideas were influenced strongly by previous studies on territorial birds (see re-
views in WITTENBERGER, 1980; WILSON, 1975). Recent models, such as the sche-
mas discussed in this paper, are derived from those early studies, increasing the
likelihood that an understanding of female group size in social mammals, indeed, in
social species, is forthcoming.
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MALE DIS PERSAL AND PHILOPATRY IN THE AWASH BABOON HY BRID
ZONE. PHILLIPS-CONROY, J.E. AND JOLLY, C.J.

Key words: ba boon hy brid zone, hamadryas, anubis, dis persal re gimes, bi o log i cal
cor re lates

Ab stract
Nearly all male anubis ba boons dis perse from their na tal troop, while hamadryas 

males are usu ally philopatric. This con trast is cor re lated with dif fer ences in tra jec -
to ries of testicular and body-mass growth, and the erup tion of per ma nent ca nine
teeth. Hamadryas males ex hibit pre co cious testicular growth that slows in late sub -
adulthood, while anubis un dergo a growth spurt in testicular and body size around
the time of peak na tal dis persal. In the con tact zone be tween them in the Awash Na -
tional Park, Ethi o pia, most anubis and hamadryas ex hibit taxon-typical dis persal
be hav ior, but some adult and ju ve nile hamadryas males join anubis groups, prob a -
bly at tracted by the pres ence of un at tached fe males. Mem bers of a hy brid troop ex -
hibit low rates of dis persal and a de vel op men tal pro file with el e ments of both pa ren -
tal forms.

In tro duc tion
Change of res i dence from birth place to a po ten tial breed ing site (na tal dis persal)

and from one breed ing site to an other (breed ing dis persal) has been iden ti fied as a
ma jor de ter mi nant of pop u la tion ge netic struc ture, and hence an im por tant con tri -
bu tion to the evo lu tion ary tra jec tory of pop u la tions and spe cies. Among papionin
mon keys (Tribe Papionini) – ba boons (Papio), man drills (Mandrillus), ma caques
(Macaca) and mangabeys (Cercocebus and Lophocebus) – as in other group-living
mam mals, the cru cial el e ment of dis persal is not so much geo graphic as so cial – a
shift ing of af fil i a tion from one breed ing group to an other, which usu ally, but in ci -
den tally, en tails a change in lo ca tion. A widely ac cepted typology clas si fies res i dence 
and dis persal pat terns in catarrhine pri mates di chot o mously as fe male-philopatric,
male dis pers ing (FPMD) or male-philopatric, fe male dis pers ing (MPFD). Most papi -
onin spe cies are FPMD, and it is rea son able to sup pose that this is the an ces tral con -
di tion for the taxon. In such so ci et ies, the most ob vi ous and co her ent so cial unit is a
bi sex ual troop, of ten with more than one res i dent, adult male, and dis cern ible,
ranked, matrilineages of fe males and young. Males nor mally em i grate from their
na tal troop, and join an other, be fore breed ing, so that all an i mals nor mally have one
na tal and one im mi grant par ent, and the ef fec tive pop u la tion size is much larger
than the so cial group. 

Within the ge nus Papio, the so-called sa vanna ba boons (that is, all ex tant forms
of Papio apart from the hamadryas, which are of ten grouped into a sin gle spe cies, P.
cynocephalus), ex hibit some form of FPMD pat tern. There is, how ever, much vari a -
tion among taxa, pop u la tions and in di vid u als in the in ci dence, tim ing, and de mo -
graphic cor re lates of inter-group mi gra tion. An as sump tion implict in most re views
of ba boon dis persal (and other) be hav ior is that whereas the dif fer ence be tween
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hamadryas and sa vanna ba boons is taxon-specific and pre sum ably ge net i cally
based, populational and in di vid ual vari a tion among sa vanna ba boon pop u la tions is
best ex plained in terms of the im me di ate im pact of en vi ron men tal and so ci etal cues
upon a uni form, shared but in di vid u ally plas tic dis persal phe no type. This as sump -
tion is not nec es sar ily valid, how ever, since the sa vanna ba boons are not a mono -
phyletic sis ter group of hamadryas. There is thus no a pri ori rea son to as sume that
the be hav ioral dif fer ences among them, though they may be less strik ing than those
dis tin guish ing the hamadryas, are any less ge net i cally de ter mined. An ec dotal
(STRUM, 1987; SAPOLSKY, 1986, 2001) and quan ti ta tive (PACKER, 1979; AL -
BERTS and ALTMANN, 1995, 2001) ac counts sug gest that anubis ba boons, at least
in East Af rica, are dis tin guished by un der go ing na tal dis persal more con sis tently,
and more of ten, as ju ve niles than, for ex am ple, yel low ba boons. Sus pecting that the
"sa vanna ba boon" ru bric may con ceal more pop u la tion-specific be hav ioral polytypy
than is widely as sumed, we do not at tempt here to sum ma rize the dis persal be hav ior 
of all non-hamadryas ba boons, con fin ing com par i sons to anubis and hamadryas.

Fe male anubis ba boons are strongly philopatric, and the most en dur ing intra-
 troop so cial struc tures are lin eages of re lated fe males (SMUTS, 1985). Male dis -
persal be fore breed ing is the norm, and a male may make mul ti ple sub se quent mi -
gra tions, in clud ing re verse mi gra tion, to a group where it pre vi ously re sided.
Though both ear lier and later mi gra tion have been doc u mented, a male typ i cally
leaves his na tal group in young adult hood, at 100-120 months, and moves to a neigh -
bor ing group (PACKER, 1979; PUSEY and PACKER, 1986). Two dis tinct forms of
re la tion ship be tween an (im mi grant) adult male and res i dent fe males, if suc cess -
fully de vel oped, en hance dif fer ent as pects of male re pro duc tive suc cess. Mating suc -
cess, for a young, newly-arrived male, in par tic u lar, de pends upon consortships es -
tab lished and de fended dur ing the fe male’s periovulatory pe riod. A con sort ing male
at tempts to ex clude ri vals by di rect threat and, some times, phys i cal com bat, and by
closely fol low ing and guard ing the fe male. In spite of these at tempts, how ever, mat -
ing is usu ally poly an drous in multi-male troops, as one male sup plants an other. In
the other mode of so cial in ter ac tion – "friend ship" – a male, es pe cially in older age,
may de fend his re pro duc tive in vest ment in in fants al ready sired, and also may at -
tain, by hedonic in gra ti a tion, some mat ings that he could no lon ger win ago nis ti cal -
ly.

The hamadryas ba boon (Papio hamadryas) is of ten de scribed as a MPFD spe cies.
The lat ter des ig na tion, how ever, fails to con vey the me chan ics of dis persal in the
com plex hamadryas so cial or ga ni za tion, which has been aptly de scribed as multi-
 leveled (KUMMER, 1968a,b; KUMMER, 1988, 1995). The hamadryas so cial unit ho -
mol o gous to the troop of FPMD so ci et ies is known as a band. Ju ve nile male hama -
dryas have been re ported to make tem po rary ex cur sions into neigh bor ing bands, but 
in all ob served cases re turned to their own (SIGG et al., 1982; ABEG GLEN, 1984).
Ma turing in their na tal band, males form loose as so ci a tions (clans) with male rel a -
tives.

The male-female re la tion ships that in anubis ba boons are di vided be tween
"mates" and "friends" are com bined in hamadryas so ci ety. Both mat ing and hedonic,
groom ing-based, male-female in ter ac tions are con fined quasi-exclusively within
highly co her ent, male-led one-male units (OMUs). As the OMU is the lo cus of al most
all fe male so cial in ter ac tions, there is no per va sive matrilineal or ga ni za tion within
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the band, and OMUs of a band of ten fol low in de pend ent paths when for ag ing. Ju ve -
nile fe males are re cruited from their na tal OMU to form the nu cleus of the new OMU 
of a "bach e lor" band mem ber. Such fe males might be de scribed as "dis pers ing" from
their na tal OMU, but the move ment in volved is min i mal, since their fu ture mate is
al most cer tainly born in the same band, and, prob a bly, in the same clan. As the
leader male of an OMU loses con trol of it with age or in ca pac ity, the fe males will be
im me di ately re cruited by an other male, per haps from a dif fer ent clan or even a
neigh bor ing band. The re sul tant, spo radic move ment of fe males, which pre sum ably
may oc cur at any time in their re pro duc tive ca reer, may have far-reaching, long-
 term pop u la tion-genetic con se quences (HAPKE et al., 2001) but is surely dis tinct in
mo ti va tion and ef fects from the male dis persal seen in FPMD spe cies.

The hamadryas OMU-based so cial sys tem is as so ci ated with phys i cal as well as
be hav ioral autapomorphies. These in clude more ob vi ous sex ual di mor phism in
adult pel age, with the male’s lux u ri ant mane prob a bly func tion ing as an or gan of at -
trac tion to fe males (JOLLY, 1963; KUMMER, 1968a,b, 1988) as well as an hon est
sig nal of his con di tion (ZAHAVI, 1975) to both mates and po ten tial ri vals. In as so ci a -
tion with low rates of sperm com pe ti tion in hamadryas, adult tes tis size is both ab so -
lutely and rel a tively smaller than in, for in stance, anubis ba boons (JOLLY and
PHIL LIPS- CONROY, 2003). In ju ve nile life, how ever, testicular de vel op ment is
some what ac cel er ated in hamadryas com pared to anubis, per haps be cause young
hamadryas, ma tur ing in their na tal group, are able to ini ti ate the taxon-specific "fol -
lower strat egy" that can lead ul ti mately to OMU leader sta tus. By con trast, male
anubis (and pre sum ably other "sa vanna" ba boons with male dis persal) have to de lay 
se ri ous re pro duc tive ac tiv ity un til they are es tab lished (among po ten tially hos tile
non-kin) in their adopted troop. A spurt in body-mass growth, not seen in hama -
dryas, oc curs im me di ately be fore the usual age of dis persal and re sults in an ab so -
lutely larger adult body mass. In the pres ent pa per, we ex am ine de vel op men tal tra -
jec to ries of other fea tures that might be ex pected to co-vary with male philopatry or
dis persal: the cir cum fer ences of prox i mal limb seg ments and tho rax (largely a cor re -
late of mus cu lar ity) and the erup tion of the per ma nent ca nine teeth. 

Al though they ex em plify con trast ing re gimes of so cial be hav ior and sex-specific
dis persal, with as so ci ated phys i cal and de vel op men tal char ac ter is tics, hamadryas
are suf fi ciently close ge net i cally to ol ive ba boons that they can and do in ter breed in
na ture, form ing vi a ble and fer tile hy brids in nar row hy brid zones, in clud ing one sit -
u ated in the Awash Na tional Park (ANP), Ethi o pia, where the data for this pa per
were gath ered. Such zones of con tact and hy brid iza tion are likely to be of rel e vance
in un der stand ing both the prox i mate un der pin nings and ul ti mate evo lu tion ary cau -
sa tion of inter-taxon dif fer ences, in clud ing dif fer ences in the causes and cor re lates
of dis persal. First, they pro vide a com mon arena in which the taxon-specific pro -
grams of the two taxa are car ried out un der eco log i cal con di tions that, if not uni form, 
are less di ver gent than would be the case for more cen tral pop u la tions. For ex am ple,
though most hamadryas ba boons live in semi-desert hab i tats, while anubis are
found in more me sic hab i tats over most of their range, in the ANP both live in a hab i -
tat dom i nated by Aca cia bush, with patches of more pro duc tive hab i tat con sist ing of
riverine for est or groves of doum palm (Hyphaene thebaica). To the ex tent that dis -
persal be hav ior is de ter mined plas tic ally by the im me di ate eco log i cal sit u a tion, pat -
terns ex hib ited by the two taxa should tend to con verge in the bound ary zone. Sec -
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ond, the hab i tat of the con tact zone is lit er ally mar ginal for both taxa, and there fore
likely to test the lim its of plas tic ity in their spe cies-specific, eco log i cally adap tive
pro grams. The hab i tat is also sub ject to fluc tu a tions in qual ity over time, driven by
un pre dict able an nual rain fall. Years with high an nual rain fall and high vege ta -
tional pro duc tiv ity should fa vor the co her ent for ag ing groups of anubis, and thus
make the hab i tat less fa vor able to hamadryas, and vice versa. Models (HANSKI et
al., 2001) pre dict that in such tem po rally fluc tu at ing hab i tats, a ten dency to dis -
perse (whether plas tic or ge netic) should be en hanced. Third, con tact zones al low di -
rect so cial in ter ac tion be tween in di vid u als with dif fer ent, taxon-specific be hav ioral
pro grams, which again tends to stim u late be hav iors un likely to be ob served in more
cen tral pop u la tions. Finally, in the hy brids them selves taxon-specific gene com -
plexes are dis man tled and re com bined, po ten tially throw ing light on the her i ta ble
com po nent of de vel op men tal and be hav ioral pro grams. 

In the pres ent pa per we use ob ser va tional, trap-retrap, phys i o log i cal, ge netic,
and morphometric data from the ANP pop u la tions of ol ive and hamadryas ba boons,
and their nat u ral hy brids, to in ves ti gate some cor re lates of male dis persal and
philopatry. Di rect ob ser va tions and cap ture data doc u ment the oc cur rence of mi gra -
tion and, in a few cases, the age at which it oc curred, and some ad di tional in fer ences
about mi gra tion are drawn from the dis tri bu tion of mi to chon drial haplotypes
(NEW MAN, 1997) and microsatellite mark ers (WOOLLEY-BARKER, 1999). The
morpho metric data al low us to ex plore the bi o log i cal char ac ter is tics of males as they
ma ture and to com pare the taxa in fea tures that re late to male com pe ti tion. Our
data are thus more het er o ge neous than those drawn from con tin u ous ob ser va tion of
a few, neigh bor ing, so cial groups (e.g., ALBERTS and ALTMANN, 1995, 2001). On
the other hand, by in clud ing groups over a 60km span, we are able to doc u ment some 
long-range dis persal events, no to ri ously un der-represented in most stud ies of large,
com par a tively vagile ver te brates. 

Ma te rials and Methods
The ANP study pop u la tion (NAGEL, 1973; PHILLIPS-CONROY, 1978; PHIL -

LIPS- CONROY and JOLLY, 1981, 1986, 1988; PHILLIPS-CONROY et al., 1986,
1991, 1992) con sists of ol ive, hamadryas, and hy brid ba boon groups. The area and its 
ba boons were first doc u mented in the late 1960’s (KUMMER, 1968a,b, 1988, 1995;
NAGEL, 1973) . Sev eral groups were in ves ti gated by Shotake and his col leagues in
the mid-1970s (SHOTAKE et al., 1977, 1981; SUGAWARA, 1982), and a group from
Bris tol Uni ver sity car ried out a short be hav ioral study of Awash anubis ba boons
(ALDRICH-BLAKE et al., 1971). In 1972-73, and from 1982 to the pres ent, the
Awash ba boons have been in ves ti gated by the Awash Na tional Park Ba boon Re -
search Pro ject, or ANPBRP (JOLLY and BRETT, 1973; BRETT et al., 1977, 1982;
PHILLIPS- CONROY and JOLLY, 1981, 1986, 1988; PHILLIPS-CONROY et al.,
1986, 1991, 1992; JOLLY, 1993; JOLLY and PHILLIPS-CONROY, 2003).

The cen tral ob jec tive of the ANPBRP was, and is, to in ves ti gate the struc ture and 
dy nam ics of the hy brid zone by map ping across it the dis tri bu tion of phenotypic vari -
a tion and dis crete ge netic mark ers. Most data for this pur pose have been col lected
by live cap ture, sam pling, mark ing, and re lease, from 11 ba boon groups (Groups A –
K) whose lin ear dis tri bu tion along the Awash River transects the hy brid zone (Fig -
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ure 1). Over 10 months of 1973, 534 an i mals from these groups were trapped and
sam pled by F.L. Brett and R.G. Cauble (BRETT et al., 1982). In 1982 – 2000, we car -
ried out 14 trap ping sea sons of 1-2 months du ra tion (in 1982, 1983, 1984, 1986
(twice), 1988, 1989, 1990, 1991, 1993, 1995, 1997, 1998, and 2000), con cen trat ing on
two or three of the anubis (B-F) or hy brid (G-J) groups each sea son. Hamadryas
groups A and K have not been ac ces si ble since the 1972-73 sea son, but in 1997 we in -
ves ti gated hamadryas groups liv ing in the north ern end of the ANP, at the site of
Filwoha (see also SWEDELL, 2000). 

The ANPBRP’s scope has wid ened over time to in clude the doc u men ta tion of
phys i o log i cal and de vel op men tal di ver gences be tween the two pa ren tal pop u la tions, 
and so cial be hav ior in "pure," mixed, and hy brid so cial groups. Ob ser va tional stud -
ies, av er ag ing 18 months du ra tion, were car ried out on Groups C (NYSTROM, 1992), 
D (BEYENE, 1998), H (BERG MAN, 2000; BEEHNER, in prep.) and Filwoha (SWE -
DELL , 2000). In the course of his study, Beyene was able to add ad di tional in for ma -
tion de rived from phenotypically mixed groups liv ing at the site of Gola, from an
anubis group (TL) whose range over lapped those of Groups D and C, and from a
hamadryas group, Kobo, liv ing on the south ern slopes of Mt. Fantale (Fig ure 1). 

Methods of cap ture and se da tion are de scribed else where. (BRETT et al., 1982 ;
PHILLIPS-CONROY et al., 1991, 1992; JOLLY and PHILLIPS-CONROY, 2003). In
all sea sons, in clud ing 1973, the se dated an i mal was as sessed for age (by den tal erup -
tion; PHILLIPS-CONROY and JOLLY, 1988), sex and hybridity (from ex ter nal phe -
no type; NAGEL, 1973; PHILLIPS-CONROY, 1978; PHILLIPS-CONROY and
JOLLY, 1986), then weighed and pho to graphed, its body length mea sured, its up per
left den tal quad rant cast, its pal mar dermatoglyphics re corded, and a sam ple of hair
and blood col lected. From 1983 on, an i mals were ear tagged and we col lected ad di -
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Fig. 1: Map of Awash Na tio nal Park and pla ce ment of ba boon groups stu died by the
Awash Na tio nal Park Re search Pro ject.



tional morphometric data, in clud ing lengths of limb seg ments, cir cum fer ences of
trunk and limbs, and testicular di men sions. In 1995, 1997, 1998 and 2000 cere -
brospinal fluid of se lected an i mals was sam pled by cisternal punc ture (KAPLAN,
1999 a,b) and later as sayed for me tab o lites of three neurotransmitters. 

Den tal erup tion sta tus was as sessed by vi sual in spec tion, and each tooth was
rated as ei ther never erupted, erupt ing, or fully erupted, and the age of im ma ture
an i mals es ti mated from an es tab lished erup tion chro nol ogy (REED, 1973; PHIL -
LIPS-CONROY and JOLLY, 1988). An i mals caught as ju ve niles were aged when
retrapped as adults by add ing their es ti mated age at first cap ture to the in ter val be -
tween cap tures. When ar ranged in or der of in creas ing occlusal wear on their mo lars, 
these an i mals com prised a ref er ence set used to es ti mate the age of an i mals first
caught as adults (PHILLIPS-CONROY et al., 2000). For some anal y ses, an i mals
were bro ken into five age classes: 1: In fant: No per ma nent mo lars vis i ble (< 24
months); 2: Youn ger ju ve nile: One or more first mo lars vis i ble, no M2s (24-50
months); 3: Older Ju ve nile: One or more sec ond mo lars vis i ble, no M3s (50-80
months); 4: Subadult: One or more third mo lars vis i ble, but den tal erup tion not com -
plete (80-100 months); 5: Full adult: Dentition (in clud ing ca nines) com pletely erup -
ted (> 100 months). 

Body mass was mea sured on a spring scale, and so matic di men sions were taken
with a cloth tape. Data col lected in all field sea sons are used in the anal y sis, with the 
fol low ing ex cep tions: we ex clude body weight data from the fam ine year of 1973,
when an i mals were ap prox i mately 10 % lighter than in fol low ing years of nor mal
rain fall, and somatometric data col lected in 1993, some of which are sus pected of be -
ing anom a lous. In re gres sion anal y ses, we use (es ti mated) age in months as the in -
de pend ent vari able; in other anal y ses we use age class. Pre lim i nary ex am i na tion
showed that the size and robusticity mea sures plateaued and, in some cases, tended
to de cline af ter about 120 months (es ti mated) age, which is also the age at which
other stud ies on these an i mals have found most na tal mi gra tion to be com plete
(PUSEY and PACKER, 1986). An i mals older than this were there fore ex cluded from
cal cu la tions of growth rates and com par i sons across taxa. 

Ta ble 1 pres ents the means, stan dard de vi a tions and sam ple size for  each vari -
able by age class within hamadryas, anubis, and hy brids. The col umn headed
"%ADULT" ex presses each mean value as a per cent age of the mean for adult males
of 120 months or less. In all cases the com par i sons were done us ing non- para met ric
sta tis ti cal tests; for pairwise com par i sons, the Mann-Whit ney test was used, while,
for three-way com par i sons, we used the Kruskal-Wallis test. Com par i sons be tween
ad ja cent age classes for each of the three groups (anubis, hamadryas and hy brids)
are pre sented in Ta ble 2, while Ta ble 3 com pares anubis, hamadryas and hy brid
males males of the same age class.with each other. 

The morphometric data are graph i cally pre sented in Fig ures 2-9. We  plot ted
each mea sure of body size and limb robusticity against es ti mated age in months (the
re la tion ships are shown as LOWESS curves in Fig ures 2-7) and then cal cu lated the
re sid u als from the cor re spond ing lin ear re gres sions. In Fig ure 8 the re sid u als are
plot ted by age class. In or der to ex am ine in cre men tal growth against a finer scale,
we also plot ted av er age growth of each vari able for two year age in ter vals (Fig ure 9
A-G), and, for weight and tes tis size, we cal cu lated av er age daily growth per
two-year pe riod in each taxon (Fig ure 9 B and D). We ex am ined the rel a tive tim ing
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Tab le 1: Mor pho me tric data for anu bis, ha ma dry as and hyb rid ba boon ma les.

Age -

class

ANUBIS HY BRID HAMADRYAS

 MEAN SD N %ADULT MEAN SD N %ADULT  MEAN SD N %ADULT  Sig. 

Weight 1  2.73  1.11  23  12.4  2.56 0.78 11  13.3  3.74 0.30  4  17.9  NS

2  6.11  1.47 102  27.7  4.85 1.28 16  25.3  5.77 1.49 11  27.6    0.01

3 12.41  3.17 116  56.2 11.27 3.09 14  58.7 12.48 2.79 15  59.7  NS

4 17.52  2.32  36  79.4 15.16 2.18  3  79.0 17.72 3.15 11  84.8  NS

5 22.07  2.06  94 100.0 19.19 3.64  9 100.0 20.89 1.71 13 100.0    0.01

Tes tis 1   0   0.0  0   0.0  0   0.0

2  1.02  1.09  27   2.2  0.52  1   1.2  1.25 0.64  6   4.7  NS

3 14.11 11.90  85  30.2 12.69 8.56 11  28.7 14.36 7.77 15  53.6  NS

4 33.36 12.20  31  71.5 24.95 12.90  3  56.5 26.00 7.06 11  97.1  NS

5 46.69 13.06  79 100.0 44.15 14.17  8 100.0 26.77 4.46 13 100.0  <.001

Rel a tive 

Tes tis Size

1   0   0.0  0   0.0  0   0.0

2  0.15  0.15  27   7.1  0.09 .  1   3.8  0.20 0.09  6  15.5  NS

3  0.98  0.73  85  46.7  1.12 0.70 11  47.1  1.11 0.53 15  86.1  NS

4  1.88  0.58  31  89.5  1.59 0.72  3  66.8  1.47 0.30 11 114.0  NS

5  2.10  0.55  79 100.0  2.38 0.57  8 100.0  1.29 0.24 13 100.0  <.001

Max i mum

Girth

1 28.10  3.85  23  44.6 27.58 2.49  6  45.6 31.83 0.60  4  50.8  NS

2 38.25  3.30  83  60.7 35.11 3.02 15  58.0 37.70 2.85 10  60.2    0.01

3 49.64  5.01  95  78.8 47.91 4.21 12  79.2 49.69 5.30 15  74.5  NS

4 57.46  3.27  33  91.2 52.03 4.38  3  86.0 57.53 3.49 11  91.8  NS

5 63.00  3.00  80 100.0 60.51 4.82  8 100.0 62.66 2.92 13 100.0  NS

Arm Cir cum -

fer ence

1 10.06  1.78  24  41.4 10.37 0.67  6  45.5 12.38 0.94  4  51.0    0.03

2 14.24  1.71  83  58.6 13.34 1.44 15  58.4 14.64 1.50 10  60.3  NS

3 18.89  2.43  95  77.8 17.99 2.24 12  78.9 19.41 1.87 15  79.9  NS

4 21.26  1.57  34  87.5 20.27 1.10  3  88.9 22.88 3.04 11  94.2    0.02

5 24.29  2.03  81 100.0 22.81 2.21  8 100.0 24.30 1.55 13 100.0  NS

Thigh Cirum -

ference

1 13.63  2.90  24  39.9 13.67 1.38  6  43.6 17.15 1.36  4  50.4    0.03

2 20.18  2.52  82  59.1 18.82 1.80 15  60.1 20.45 1.85 10  60.1  NS

3 26.98  3.56  96  79.1 25.82 2.31 12  82.4 26.79 1.32 15  78.7  NS

4 29.67  2.98  34  86.9 27.53 3.06  3  87.8 31.06 3.56 11  91.2  NS

5 34.13  2.95  81 100.0 31.34 2.23  8 100.0 34.04 1.50 13 100.0    0.02



of ca nine to mo lar erup tion in anubis, hamadryas, and hy brid males. Each of the four 
ca nines is sep a rately classed as: Never erupted (1), Erupting (2), or Fully erupted
(3). The scores for the four teeth are then av er aged. Fig ure 10 shows ca nine erup tion
scores for each of the age classes, which are, of course, them selves based upon mo lar
erup tion. The bars in di cate the mean for taxa, with 95 % con fi dence in ter vals.

Some in for ma tion about mi gra tion was drawn from sur veys car ried out dur ing
trap ping sea sons and gath ered dur ing the course of the ob ser va tional stud ies by
Nystrom, Beyene, Swedell, Berg man, and Beehner. Dur ing trap ping sea sons, only a
few dis tinc tive an i mals could be rec og nized in di vid u ally, but these in cluded some
ob vi ous im mi grants such as hamadryas males in anubis groups. In the ex tended
stud ies, ob serv ers could in di vid u ally rec og nize most individals in the anubis or hy -
brid group they were study ing, in clud ing all adult males and most adult fe males.
Nystrom (NYSTROM, 1992) ob served Group C, an 80-90 mem ber anubis troop, for
13 months, and Beyene (BEYENE, 1998) con ducted a 14 month study of Group D, an 
anubis group with ap prox i mately 90 mem bers, of which 14 were adult males. Berg -
man’s (BERG MAN, 2000) and Beehner’s (BEEHNER, 2003, in prep.) con sec u tive
stud ies yielded 28 months of ob ser va tion of Group H, with 9 hy brid, 5 anubis, and 2
hamadryas males. Ob servers re corded the first ap pear ance and dis ap pear ance of
rec og niz able an i mals, and these data are used to es ti mate mi gra tion rates. 

The meth ods used to ex tract ge netic data have been de scribed else where (NEW -
MAN, 1977; WOOLLEY-BARKER, 1999).

Ta ble 2 : Tests for sig nif i cant dif fer ences be tween ad ja cent age classes within each
taxon (all pairwise com par i sons were done us ing the Mann-Whitney test).

Classes ANUBIS     HY BRID HAMADRYAS

Abs.diff Sig Abs.diff Sig Abs.diff Sig

Weight 1-2  3.38 <.001  2.29 <.001  2.03 <.001

2-3  6.03 <.001  6.42 <.001  6.71 <.001

3-4  5.11 <.001  3.89 NS  5.24 <.001

4-5  4.55 <.001  4.03 NS  3.17   .006

Tes tis 
vol ume

1-2  ND  ND  ND ND  ND  ND

2-3 13.09   .006 12.17 NS 13.11 <.001

3-4 19.25 <.001 12.26 .06 11.64 <.001

4-5 13.33 <.001 19.20 NS   .77 NS

Rel a tive tes -
tis size

1-2  ND ND ND ND ND ND

2-3   .83 <.001  1.03 NS   .91 <.001

3-4   .90 <.001  0.47 NS   .36   .027

4-5   .22 <.001  0.79 NS   -.18 NS

Max i mum
girth 

1-2 10.15 <.001  7.53 <.001  5.87   .002

2-3 11.39 <.001 12.80 <.001 11.99 <.001

3-4  7.82 <.001  4.12 NS  7.84 <.001

4-5  5.54 <.001  8.48 <.001  5.13   .001
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Classes ANUBIS     HY BRID HAMADRYAS

Abs.diff Sig Abs.diff Sig Abs.diff Sig

Arm  cir cum -
fer ence

1-2 4.18 <.001 2.97 <.001 2.26    .014

2-3 4.65 <.001 4.65 <.001 4.77 <.001

3-4 2.37 <.001 2.28     .07 3.47    .002

4-5 3.03 <.001 2.54  NS 1.42   NS

Thigh  cir -
cum fer ence

1-2 6.55 <.001 5.15 <.001 4.30    .008

2-3 6.80 <.001 7.00 <.001 6.34 <.001

3-4 2.69 <.001 1.71 <.001 4.27 <.001

4-5 4.46 <.001 3.81  NS 2.98   .011

Ta ble 3: Com par i son of anubis, hamadryas, and hy brid males within each age class.
If sta tis ti cal dif fer ence was found, pairwise com par i sons were per formed us ing
Mann-Whitney U tests.

Ageclass 2 Ageclass 3 Ageclass 4 Ageclass 5

Weight

Kruskal-Wallis NS .053 NS .000

AN-HA  NS .006

AN-HY  .020 .001

HA-HY  NS .051

Tes tis vol ume

Kruskal-Wallis NS NS NS .000

AN-HA .001

AN-HY .056

HA-HY .001

Rel a tive tes tis size

Kruskal-Wallis NS NS NS .000

AN-HA .000

AN-HY NS

HA-HY .001

Max i mum girth

Kruskal-Wallis .010 NS NS .002

AN-HA  NS NS

AN-HY .003 .001

HA-HY .070 .025

Primate Report 68, January 2004 35

J.E. Phillips-Conroy and C.J. Jolly: Male Ba boon Dis persal



36 Primate Report 68, January 2004

J.E. Phillips-Conroy and C.J. Jolly: Male Ba boon Dis persal

Fig. 2: Bivariate plot: body weight (in ki -
lo grams) against age. 

Fig. 4: Bi va ria te plot: re la ti ve tes tis size
against age. 

Fig. 3: Bivariate plot: tes tis vol ume (cc)
against age. 
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Fig. 5: Bivariate plot: max i mum girth
(cm) against age. 

Fig. 7: Bi va ria te plot: arm cir cum fer ence
(cm) against age.

Fig. 6: Bi va ria te plot: thigh cir cum fe ren -
ce (cm) against age.
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Fig. 8: Plot of re sid u als of weight, tes tis size, rel a tive tes tis size, and  max i mum girth 
by age class.

Fig. 9: Plots of morphometric data in two year in ter vals: A: Weight; B: Growth
(g/day); C: Tes tis vol ume; D: Tes tis growth (cc/day).



Re sults

Ob served Mi gra tions 
The long-term stud ies of Groups C, D, and H doc u mented 203, 196, and 448

adult-male-ba boon-months, re spec tively. The im mi gra tion rate can be cal cu lated as
Nimm / Nmths , and the em i gra tion rate as Nem / (Nmths x Nadm), where Nimm is the num ber
of ob served adult male im mi grants, Nem is the num ber of ob served adult male em i -
gra tions, Nadm is the num ber of adult males res i dent in the troop, and Nmths

 
is the

num ber of months of ob ser va tion. At the start of Nystrom 's (NYSTROM, 1992)
study of Group C, the group in cluded 12 adult males: 5 phenotypic anubis, 4 anubis-
 like hy brids, and 3 hama dryas. Dur ing the study pe riod, 5 adult males (3 anubis- like 
hy brids and 2 anubis) joined the group, and one hamadryas em i grated. One of the
im mi grant males was es ti mated as ap prox i mately 8 years old, two as "mid dle aged",
and two es ti mated to be "old". One im mi grant was in di vid u ally rec og nized and
known to come from the neigh bor ing Group D. 

 Dur ing Beyene 's (BEYENE, 1998) 14 month study, Group D in cluded 14 adult
males, 13 of which were anubis and one hamadryas. A hy brid male and an anubis
male im mi grated into the group dur ing his study, and four an i mals (two young
adults, one prime, and one old moved to ad ja cent groups). Three males went to TL,
all within a sin gle month. There had been three adult males in TL be fore the D males 
im mi grated; af ter the D males im mi grated, only one of the orig i nal TL males re -
mained. The D males im me di ately be gan con sort ing in TL.

 Berg man 's (BERG MAN, 2000) and Beehner 's (BEEHNER, 2003 in prep.) con -
sec u tive stud ies of Group H to taled 448 adult-male-baboon-months. This pre dom i -
nantly hy brid group in cluded 11 hy brid, 5 anubis, and 2 hamadryas males. No em i -
gra tion oc curred, but one hamadryas-like hy brid male im mi grated. Group H thus
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Fig. 9: Plots of morphometric data in two year in ter vals: E: Rel a tive tes tis size; F:
Thigh cir cum fer ence; G: Max i mum girth; H: Arm cir cum fer ence



had an im mi gra tion rate of 0.04 events/month and an em i gra tion rate of zero. This
com pares with im mi gra tion rates of 0.38 and 0.143, and em i gra tion rates of 0.005
and 0.02, re spec tively, for Groups C and D. This low level of mi gra tion con trasts with 
ob ser va tions (SUGAWARA, 1988) of the same group some 20 years pre vi ously,
which doc u mented im mi gra tion and em i gra tion rates of 0.133 and 0.032, re spec -
tively.

Cross-Migrants
If strik ingly dis tinct from their group-mates in taxon-specific phenotypic fea -

tures, in di vid ual mem bers of an anubis or hamadryas group could be iden ti fied as
mi grants, even if their im mi gra tion was not doc u mented by ob ser va tion or re cap -
ture. In clud ing both those cap tured and those known in di vid u ally but not caught, we 
es ti mate that 25-30 adult male hamadryas mi grated into the anubis zone dur ing the
years 1973-1990 (PHILLIPS-CONROY et al., 1991, 1992). While most of these were
ob served in only a sin gle sea son, and pre sum ably em i grated again, some rec og niz -
able in di vid u als were long-term res i dents in their adopted group. In di vid ual 10720
was first cap tured as an adult in Group D in 1988, and he was still res i dent there in
1998 but was not seen in 2000. In di vid ual 10700 was first seen in Group F in 1982
and was res i dent there un til his death in 1994. As de scribed pre vi ously (PHILLIPS-
 CONROY et al., 1991, 1992), most, though not all, of the im mi grant hamadryas cap -
tured in anubis groups had "purer" hamadryas pel age than most in di vid u als in the
clos est hamadryas bands, Groups A and K, and more closely re sem ble hamadryas
from Filwoha. We as sume that these im mi grants orig i nated in more dis tant groups,
per haps Filwoha, or, per haps, Kobo, where Beyene (per sonal com mu ni ca tion, 1998)
ob served a hamdryas group meet ing and min gling at a water hole with Group D dur -
ing the dry sea son.

Some male hamadryas ev i dently en ter anubis groups as ju ve niles. A 5 year old
and a 3 ½ year old hamadryas were ob served, and then cap tured, in Group C. The
older of these em i grated shortly af ter re lease, but the youn ger was re cap tured in
Group C in two sub se quent sea sons, the last time at the age of 8. A 2 ½ year old
hamadryas male (see 10948, Ta ble 4) was first ob served in  Group D early in 1993.
He re mained in this group un til 1997 or early 1998, when he moved to Group E,
where he was trapped as a young adult in July 1998. 

Ta ble 4: Cases of intertroop mi gra tion by male Awash ba boons.

ID Cap ture
year

Age class   Age (est.) Weight Troop

10788
1989 2   45  8.60 C

1991 3   70 15.50 D

10920
1991 2   47  9.50 B

1993 3   77 22.70 C

10948
1993 2   29  4.20 D

1998 4   88 16.30 E
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ID Cap ture
year

Age class   Age (est.) Weight Troop

10800

1989 2  45  6.80 C

1991 4  70 12.70 B

1997 5  95 20.00 C

10818
1989 3  52 10.90 C

1991 5  77 24.10 B

10900
1991 4  80 19.50 D

1993 5 111 25.50 C

10009

1973 3  52  8.39 B

1982 5 165 F

1983 5 177 22.65 F

1984 5 189 25.37 F

10022
1973 3  75 15.42 B

1986 5 236 24.46 D

10377
1973 3  75  9.30 H

1982 5 184 F

10610

1983 3  66 11.78 F

1983 3  77 15.86 F

1986 5  95 22.65 G

10673

1986 2  35  5.89 F

1988 3  59  9.97 F

1997 5 173 23.18 FILWOHA

10811
1989 3  51  8.20 B

1997 5 152 24.55 C

10815

1989 2  29  6.40 C

1993 5  84 21.80 D

1998 5 144 21.80 D

10878
1990 2  45  5.50 C

1995 5 106 23.50 D

10763

1988 4  80 15.86 F

1989 5  93 22.70 F

1995 5 170 25.00 G

10874

1990 2  45  5.90 D

1993 5  83 19.50 D

1997 5 129 23.18 C

10594

1983 5 140 21.74 F

1986 5 20.84 D

1988 5 141 22.20 D

10601

1983 5 22.65 D

1986 5 21.29 F

1988 5 21.29 F
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ID Cap ture
year

Age class   Age (est.) Weight Troop

10608

1983 5 170 22.65 D

1984 5 182 24.92 D

1986 5 200 24.01 D

1989 5 226 23.20 C

1990 5 242 21.80 C

10616

1983 5 112 21.29 D

1984 5 124 21.74 F

1986 5 142 22.20 D

1990 5 190 20.90 C

10952
1993 5 21.40 F

1998 5 21.80 D

11084
1997 5  84 21.82 C

1998 5  96 22.20 D

At least two, and prob a bly three, anubis or anubis-like hy brid males have been
ob served liv ing with one or an other of the three hamadryas bands that fre quent
Filwoha (SWEDELL, 2002, per sonal com mu ni ca tion). One of these an i mals (see
10673, Ta ble 4) was caught in 1997 and iden ti fied by ear tag as a long-distance mi -
grant then aged 14+ years. This male had been pre vi ously trapped twice in anubis
Group F, as a 3-year-old in 1986, and as a 5-year old in 1988. To reach Filwoha, this
an i mal must have trav eled about 35 km in straight-line dis tance, crossed a ma jor
high way and sev eral ki lo me ters of flat, al most tree less grass land af ford ing few ba -
boon ref uges, and by passed sev eral geo graph i cally in ter me di ate ba boon troops. 

Re cap ture 
One hun dred eighty-three cap tures were retraps of male an i mals caught in a pre -

vi ous field sea son. One was re cap tured 4 times, 9 were re cap tured 3 times, 39, twice,
and 134, once. In ter vals be tween re peat cap tures ranged from 6 to 161 months. Of
these re cap tures, ten in volved hamadryas liv ing in anubis troops, and one an anubis
res i dent in a hamadryas group, dis cussed in the pre vi ous sec tion. The re main ing 172 
re cap tures in volved anubis or anubis-like hy brids, liv ing in Groups B – H. Twenty-
 two of them had changed troop af fil i a tion since their last cap ture (see Ta ble 4), but
since we do not have birth re cords for in di vid ual males, we can not re li ably dis tin -
guish na tal from sec ond ary mi gra tion. In 1973, 2/16 ju ve nile males from Group C
car ried a mi to chon drial haplotype un rep re sented among the fe males of their group
(JOLLY et al., in prep.), strongly sug gest ing that a size able pro por tion of anubis
males in the ANP, as else where (STRUM, 1985; SAPOLSKY, 2001; AL BERTS and
ALTMANN, 1995), may make their na tal em i gra tion well be fore sex ual ma tu rity.

 In the pres ent sam ple, three anubis males (10788, 10920, 10948) are known to
have mi grated at least once be fore full adult hood, since they were still im ma ture (es -
ti mated at 70-80 months in age) when re cap tured. An other male (10800) cap tured at 
45, 70, and 95 months of age, moved dur ing both in ter vals, from Group C to B and
back again. Most of the anubis and hy brid males that had moved be tween trap pings
were re cap tured in a group whose range ad joined or over lapped that of the group in
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which they were pre vi ously caught. One an i mal (10616) trapped four times was cap -
tured in three dif fer ent, con tig u ous groups.

As shown in Ta ble 4, a num ber of anubis or anubis-like males were cap tured in
the same troop both as a ju ve nile and as an adult. Since our ob ser va tions were not
con tin u ous, we can not tell in any par tic u lar case whether an an i mal was born in the
troop and never left it, or had pre vi ously left and re turned, or had im mi grated as a
ju ve nile from an other troop. If the lat ter, some of the ju ve nile mi gra tions must have
oc curred be fore the age of 4 years. 

 Hy brid Group H is unique in the Awash sam ple in that its mi to chon drial di ver -
sity in 1973 sug gests that its founder fe males were al most equally of anubis and
hamadryas an ces try (NEWMAN, 1997). In ear lier de cades, the males of this group
were not philopatric. Con sis tent with the move ments ob served in the mid to late
1970’s by Sugawara (SUGAWARA, 1982, 1988), male 10377 was trapped in 1973 as
6-year old in Group H, and in 1982 as a 15-year-old in anubis Group F (Ta ble 4). As
de scribed above, how ever, the male mem ber ship of Group H was very sta ble over 28
months of ob ser va tion in 1997-2001, and retrap data also sug gest that few male mi -
gra tions oc curred in re cent years. A quar ter of all males trapped in this group (4/16)
were trapped both as ju ve niles and adults in Group H. As with sim i lar an i mals in
the anubis groups, we can not tell which if any of these had im mi grated as young ju -
ve niles, al though their dis tinc tive hy brid ap pear ance sug gested that they were na -
tal. Many of these males are known from microsatellite anal y sis (BERG MAN, 1998)
to have fa thered off spring in Group H. One was first trapped at 4 years of age in
1991, then 4 and 7 years later, by which time he had fa thered at least 3 in fants. Four
other males were trapped twice, ini tially as immatures, and sub se quently as adults
with their full dentition, but still un der 10 years of age, and three of these had sired
off spring in the group.

 The low rates of mi gra tion among Group H an i mals as a group, when com pared
with anubis, are also ap par ent sta tis ti cally. If the pa ram e ters TX ("taxon", 1 = anu -
bis, 2 = hy brid) and MOVE ("whether the an i mal moved since last cap ture," 2 = "sta -
yed", 3 = "moved") are treated as con tin u ous vari ables, they can be in cluded with
AGE (es ti mated age in months) and INT (months since last cap ture) in a corre -
lational anal y sis. Un sur pris ingly, MOVE is highly cor re lated with both AGE and
INT in a par tial cor re la tion con trol ling for group mem ber ship. How ever, when AGE,
INT, and group mem ber ship are all con trolled for, MOVE is sig nif i cantly (neg a -
tively) cor re lated with TX (r = - 0.17, p = 0.029, df = 162), in di cat ing a lower rate of
mi gra tion by hy brids. Since most of the retrapped hy brids in our sam ple were
trapped in Group H, ex actly the same re sult is ob tained if those trapped in other
groups are ex cluded.

De vel op men tal cor re lates of con trast ing dis persal re gimes
As noted in our pre vi ous study (JOLLY and PHILLIPS-CONROY, 2003), adult

male anubis are sig nif i cantly heavier than hamadryas, due largely to an in crease in
mass be tween age classes 4 and 5 which is not seen in hamadryas. Hamadryas males 
in ageclass 4 have achieved al most 85 % of adult mass, com pared to about 79 % in
anubis (Ta ble 1). Fig ure 2a shows that the slopes of the hamadryas and anubis
curves track each other un til about 72 months of age, when growth be gins to slow in
hamadryas males. This is il lus trated in Fig ure 9a where av er age weight is plot ted in 
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two year in ter vals. In the 73-96 month in ter val, or late subadult stage, hamadryas
growth slows rel a tive to anubis. Fig ure 2 also il lus trates an other dif fer ence be tween
the taxa: af ter 10 years of age, hamadryas males show no fur ther growth in body
mass, but anubis males con tinue to show an in crease. 

Growth in grams/day was cal cu lated by sub tract ing the av er age weight of an i -
mals in suc ces sive two year in ter vals and di vid ing by the num ber of days (Fig ure
9B.) Growth in male hamadryas peaks in in ter val 2 (ap prox i mately 48-72 months of
age) at a lit tle over 8gms/day, and then the rate of growth de creases un til it vir tu ally
ceases by 120 months of age. Male anubis show their max i mum growth later than
hamadryas, as older subadults, be tween 73-96 months when their max i mum growth 
is ap prox i mately 10gms/day. They con tinue to grow in the 12-14 year age in ter val,
though much more slowly. 

 As we pre vi ously showed (JOLLY and PHILLIPS-CONROY, 2003), hamadryas
and anubis dif fer sig nif i cantly in adult testicular size. Mean tes ti cle vol ume is
26.77 cc in hamadryas, and 44.69 cc in anubis (K-W p<0.001). Tes tis size does not dif -
fer sig nif i cantly be tween the taxa un til age class 5, but by age class 4, there is a clear
dif fer ence in their rel a tive com pleted growth: hamadryas males in this age class
have al most achieved their fi nal tes ti cle size (97.1 %) whereas anubis males have
achieved 72 %. This dif fer ence in tim ing is also de tect able in the pre ced ing age class,
where hamadryas tes tes are 54 % of their fi nal size, com pared with anubis at 30%.
Fig ures 3 and 9C il lus trate that hamadryas testicular growth lev els off in this late
subadult pe riod, while anubis con tinue to grow in tes ti cle size for a num ber of years
and show a sec ond burst in tes tis growth when they are 12 -14 years of age. Fig ure
9D shows that hamadryas tes tis growth is at its max i mum in in ter vals 1 and 2 and
de clines sharply in in ter val 3. The growth rate of anubis male tes tes ex ceeds
hamadryas across all in ter vals, peaks in in ter val 2, and con tin ues to de cline un til it
ap prox i mates hamadryas growth in in ter val 4. The com bi na tion of these pat terns of
growth in body and tes tis size trans lates into sig nif i cant dif fer ence be tween hama -
dryas and anubis in the tes tis size/body mass re la tion ship (Ta bles 1, 3). Adult male
anubis have a much higher tes tis size:body mass ra tio (2.10 vs. 1.29), a sta tis ti cally
highly sig nif i cant dif fer ence. How ever, as Fig ure 4 il lus trates, un til about 4-5 years
of age ju ve nile hamadryas ac tu ally have tes tes that are larger for their body mass.

 The growth tra jec to ries for max i mum girth in male anubis and hamadryas (Fig -
ure 5) are al most co in ci dent over much of their length. The curves for arm and thigh
cir cum fer ence also closely track each other un til about 100 months, but there is a
sug ges tion that hamadryas males have com pleted more of their fi nal growth ear lier
(i.e., in age class 4). The LOWESS curves be yond the nor mal ces sa tion of skel e tal
growth at about 120 months sug gest that hamadryas lose more body mass and limb
mus cu lar ity as they be come aged. Max i mum girth does not show any clear taxon-
 specific pat tern of change, but this is prob a bly not sur pris ing since this di men sion
largely re flects the bony el e ments of the ax ial skel e ton.

Ex am i na tion of the rel a tive tim ing of ca nine to mo lar erup tion showed that male
anubis and hamadryas dif fer sig nif i cantly in this fea ture (Fig ure 10). The trend is
vis i ble in age class 3, but the dif fer ence be comes more ob vi ous, and is sta tis ti cally
sig nif i cant, only in age class 4 when third mo lars are be gin ning to erupt, at around 8
years of age (An: HA Mann-Whitney p= 0.002) (Fig ure 10).
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Hy brids: The hy brids ex hibit id io syn cratic pat terns of growth and de vel op ment
that are nei ther ex actly like ei ther of the pa ren tal pop u la tions, nor in ter me di ate be -
tween them, but com bine some el e ments of each pa ren tal pat tern with other fea -
tures that are un like ei ther. Like anubis, hy brids have at tained only 79 % of their
full adult body mass by age class 4. They re sem ble hamadryas in that their growth
tra jec tory slows in the late subadult stage, at 73-96 months,(when Mann-Whitney
tests show hy brids are sig nif i cantly dif fer ent from both anubis and hamadryas
males [<.0001 and .013 re spec tively]) , but then ap par ently re turns to an anubis-like 
pat tern with a dra matic growth spurt that brings them to full adult mass in the fi nal
two year in ter val. This fi nal body mass is, how ever, sig nif i cantly less than ei ther
anubis and hamadryas males (Ta bles 1, 3, Fig ure 8). The id io syn crasy of the hy brids
is ex pressed, also, when their gain in body mass is ex pressed in grams per day. At
the age when anubis and hamadryas growth is at or near their peak, hy brid growth
ap par ently slows, but then re bounds sig nif i cantly in the fol low ing in ter val. As
shown in Fig ure 2, hy brid males, like hamadryas but not anubis, de crease in body
mass in their post-prime years. 

 In both mean adult tes ti cle vol ume (44.15 cc.) and in the shape of the tra jec tory of 
testicular growth, hy brids re sem ble anubis rather than hamadryas (Fig ures 3 and
9C). That is, rather than lev el ing in age class 4, hy brid testicular vol ume un der goes
a growth spurt late in de vel op ment. In ter est ingly, how ever, the curve for hy brid
males is dis placed to the right of that for anubis; thus, in a pat tern re call ing the pre -
co cious growth of hamadryas tes tes, hy brid males achieve their peak growth in in -
ter val 3. With their anubis-sized tes tes and small body mass, adult hy brid males
have a higher mean tes tis size:body mass ra tio (2.38) than ei ther of the pa ren tal pop -
u la tions (Ta ble 1).

As might be ex pected from their low body mass, hy brid males also have rel a tively
small limb and trunk girths. The curve de pict ing growth in max i mum girth with age
in hy brid males (Fig ure 5) lies be low those for the pa ren tal forms. Re sid uals from the 
com mon re gres sion line are sig nif i cantly dif fer ent from those of anubis in age classes 
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2 and 5 (Ta ble 3). The plots of growth by two year in ter vals con firm that the pat tern
of hy brid growth de vi ates from anubis and hamadryas males, par tic u larly in the
72-96 month in ter val, where the dif fer ences are sta tis ti cally sig nif i cant (AN-HY: p<
0.001; HY-HA: p= 0.007). 

The LOWESS curves of arm and thigh cir cum fer ences sim i larly show smaller di -
men sions for age in the hy brids than in ei ther of the pa ren tal forms. Hy brids of age
class 5 have smaller limb cir cum fer ences than ei ther anubis or hamadryas (sig nif i -
cantly so for thigh (K-W = 0.023), but, un like hamadryas, do not show the ten dency
to com plete growth in age class 4. The plots of growth in two year in ter vals for arm
and thigh cir cum fer ences again point to a chang ing pat tern of growth in hy brid
males in the cru cial 72-96 month pe riod. Mann-Whitney U tests show that arm cir -
cum fer ence is less in hy brids than in anubis (p< 0.001) or hamadryas (p= 0.005).
Thigh cir cum fer ence of hy brid males is sig nif i cantly less than in anubis (p< 0.001),
but does not dif fer sig nif i cantly from hamadryas. Like hamadryas males, hy brid
males lose limb girth in old age.

 As shown in Fig ure 10, hy brid males re sem ble hamadryas in erupt ing their ca -
nine teeth rel a tively ear lier than anubis males, al though the dif fer ence is sig nif i cant 
only in age class3 (p= 0.006).

Dis cus sion
 The di rect ev i dence of ob ser va tion, to gether with in fer ences from retraps and mi -

to chon drial haplotype dis tri bu tions (NEWMAN, 1997; JOLLY et al., 2003, in prep.
strongly sug gest that in Awash anubis ba boons, male dis persal fol lows the pat tern
de scribed from pop u la tions else where in East Af rica (SMUTS, 1985; STRUM, 1987;
SAPOLSKY, 2001; PACKER ,1979). Male anubis ba boons dis perse natally as young
adults or, quite of ten, as ju ve niles, and sec ond ary move ments be tween troops are
fre quent, even into old age. The ge netic ev i dence sug gests that, as ob served in other
pop u la tions, males prob a bly dis perse non-randomly, tend ing to en ter a group where
they al ready have a male (matrilineal) rel a tive. Inter-troop move ment may be fa cil i -
tated in Awash com pared to some other pop u la tions, since the roost ing sites of
troops, spaced lin early along the riverine for est belt, are rarely changed, and are
sep a rated by only a few hun dred me ters. This dis tri bu tion af fords many op por tu ni -
ties for males to as sess the at trac tive ness of neigh bor ing troops, and also to move di -
rectly from one troop to an other, with out an in ter ven ing, dan ger ous, pe riod of ex -
tra-troop life. Some males, how ever, clearly dis perse over much lon ger dis tances, as
shown by the anubis that at tached them selves to hamadryas groups at Filwoha.
Even in this mar ginal hab i tat for the taxon, there fore, anubis ba boons show no dis -
cern ible ten dency to con verge on the philopatric be hav ior of hamadryas.

The ory sug gests that dis persal is fa vored, both as an in di vid ual re sponse, and a
pop u la tion-level evo lu tion ary ad ap ta tion, when the "qual ity" of hab i tat patches var -
ies over time, as long as an in di vid ual or gan ism can as sess the qual ity of neigh bor ing 
hab i tat patches, and can move adap tively be tween them (HANSKI, 2001). The qual -
ity of a hab i tat patch is de fined by the fit ness it con fers on its oc cu pants, de ter mined
by the con cen tra tion of re sources in the patch and the in ten sity of com pe ti tion for
the re sources. For male mam mals of facultatively polygynous spe cies, in clud ing ba -
boons, po ten tial mates are gen er ally con sid ered the crit i cal re source. For sa vanna
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ba boons, the at trac tive ness of a troop to a po ten tial im mi grant should be a func tion
of the num ber of (un re lated) fe males and po ten tial ri val males it con tains, with the
re lat ed ness of the other males to the im mi grant mit i gat ing their neg a tive im pact on
his fit ness. These de mo graphic qual i ties of a troop are ephem eral, so that a strong
pro pen sity to dis perse, com bined with an abil ity to mon i tor the crit i cal pa ram e ters
in neigh bor ing troops is clearly ad van ta geous. Our re sults on the re lat ed ness of im -
mi grant male anubis, and more ex ten sive data from yel low ba boons (ALBERTS and
ALTMANN, 1995, 2001), pro vide em pir i cal ev i dence that dis persal in sa vanna ba -
boons cor re sponds to the pre dicted pat tern. 

The ob ser va tions made since 1990 con firm our ear lier find ings (PHILLIPS-
 CONROY and JOLLY, 1991, 1992) that some adult males must dis perse from hama -
dryas groups liv ing close to the con tact zone, since they ap pear as im mi grants in
anubis troops. The ex act rate of cross-taxon dis persal can not be cal cu lated, since we
do not know the to tal mem ber ship of the po ten tial source pop u la tions, but it is un -
likely to be high, since the anubis range is flanked to the north by ex ten sive hama -
dryas pop u la tions. Rather than sim ply be ing tran sient mate-raiders (KUM MER,
1988, 1995), some of the im mi grants take up res i dence in anubis groups and spend
the rest of their lives there – in the lon gest doc u mented cases, at least 10-12 years.
Since these im mi grant adult males were of widely dis pa rate ages, in clud ing some
that were in or past mid dle age, we (PHILLIPS-CONROY and JOLLY, 1991, 1992)
pre vi ously sur mised that they mi grated be cause they had failed to es tab lish, or had
lost, an OMU in their na tal band. The lat est ob ser va tions show that ju ve nile males –
some as young as 2½ years – also trans fer from hamadryas to anubis groups. Some
leave again as ju ve niles, while oth ers stay long enough to grow to adult hood, and
may even trans fer a sec ond time to an other anubis troop. Al though stud ies of other
hamadryas pop u la tions, dis tant from the con tact zone (SIGG et al., 1982; ABEG -
GLEN, 1984) may have over looked some male em i gra tion by at trib ut ing dis ap pear -
ances to deaths, we have no rea son to doubt their gen eral con clu sion that al most all
hamadryas males are philopatric. Why, then, do some Awash hamadryas show an
anubis-like pat tern, dis pers ing, join ing a new group and some times even chang ing
group more than once? We can imag ine sev eral pos si ble ex pla na tions. One is that
some Awash hamadryas have ac quired "dis persal genes" by hy brid iza tion with anu -
bis. This seems un likely, if only be cause most of the ac tual mi grants show fewer
phenotypic signs of ad mix ture than most mem bers of Groups A and K, which are
geo graph i cally closer, and which might, on this hy poth e sis, be ex pected to sup ply
most of the mi grants. A sec ond ex pla na tion is eco log i cal; that dis persal is eco log i -
cally ad van ta geous in the Awash set ting, and there fore has be come more com mon
among hamadryas, ei ther by nat u ral se lec tion, if in nate, or by in di vid ual de ci sion, if
plas tic. It is, how ever, hard to dis cern what the eco log i cal el e ment might be, since
the hab i tat of hamadryas in Awash is well within the range of hab i tats oc cu pied by
hamadryas else where. 

 Our pre ferred ex pla na tion is that an anubis group ex erts a pow er ful at trac tion
on hamadryas males, by vir tue of its "un at tached" fe males. In a hamadryas band, all 
fe males are nor mally at tached to an adult male in a jeal ously-guarded OMU. Un at -
tached adult fe males, po ten tial mates for bach e lor males, are pres ent only rarely, at
the dis so lu tion of an OMU, and in a mat ter of min utes they have been "re cruited" by
a new leader. Un like male sa vanna ba boons, male hamadryas are in tensely at trac -
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ted to adult fe males whether or not the lat ter are periovulatory. A male hama dryas
en coun ter ing an anubis troop would there fore be pre sented with a su per nor mal
stim u lus in the form of many, ap par ently avail able, fe males, and we sug gest that
this may over come the male’s in her ent ten dency to philopatry. In hamadryas bands,
quite young ju ve nile males of ten at tach them selves to an adult male as a "fol lower"
of the OMU. It is per haps sig nif i cant that all the cases of ju ve nile hamadryas im mi -
gra tion in volved anubis troops where at least one adult hamadryas was al ready in
res i dence, al though in all cases the ju ve nile trans ferred alone, not in com pany with
an adult. 

Al though the mi gra tion of some male hamadryas in the bor der zone in di cates
that there is plas tic ity in its ex pres sion, hamadryas philopatry re mains a fun da men -
tal and dis tinc tive apomorphy of the taxon and is as so ci ated with phys i cal and de vel -
op men tal char ac ter is tics that al most cer tainly have a ge netic ba sis. We have pre vi -
ously com mented on the ap par ent pre coc ity of testicular de vel op ment in hamadryas
com pared to anubis, and sug gested that this cor re lates with the ear lier ini ti a tion of
re pro duc tive be hav ior, made pos si ble by grow ing up among rel a tives rather than
com pet i tors. Data pre sented here sug gest that while mea sures of mus cu lar ity are
not sim i larly ad vanced, the erup tion of the ca nine teeth, which are highly sex u ally
di mor phic, and may also be cou pled to hor monal mat u ra tion, may also be some what
ac cel er ated in hamadryas. In ad di tion, there is ev i dence that the philopatry of
hamadryas ba boons, like a ten dency to late na tal dis persal in in di vid ual male rhe -
sus ma caques (Macaca mulatta) (MEHLMAN et al., 1995) may be as so ci ated with
higher se ro to nin me tab o lite lev els in the cerebrospinal fluid of hamadryas com pared 
to anubis males (KAPLAN et al., 1999 a,b). It there fore ap pears that hamadryas and
anubis, re spec tively, ex hibit com plexes of con trast ing char ac ter states that are
adap tively re lated, re spec tively, to a norm of philopatry, and to a ten dency to dis -
perse that may be even more pro nounced than in other sa vanna ba boons (ALBERTS
and ALTMANN, 1995, 2001). These in ter nally con sis tent and co-adapted com plexes
are ap par ently dis rupted in hy brids. In the par tic u lar gene pool rep re sented by the
Group H an i mals, the hy brid ge no type yields a com bi na tion of the late testicular
growth spurt char ac ter is tic of anubis which, we ar gue, is cor re lated with a re pro duc -
tive ca reer ini ti ated af ter dis persal, with the testicular pre coc ity as so ci ated in
hamadryas with ju ve nile sex u al ity (JOLLY and PHILLIPS-CONROY, 2003). There
is no rea son to sup pose that this maturational track (if in deed it is rep re sen ta tive of
a true lon gi tu di nal growth and not a co hort-driven ar ti fact of our cross-sectional
dataset) is adap tive to the dis persal re gime prev a lent in Group H, which seems to be
pre dom i nantly philopatric. It re mains to be dem on strated whether the dis rup tion of
dis persal-related adap tive com plexes plays a role in the spa tial lim i ta tion of the
Awash hy brid zone.
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DISPERSAL AND ENVIRONMENTAL DISTURBANCE IN JAPANESE MACA-
QUES (MACACA FUSCATA). FUKUDA, F.

Key words: Macaca fuscata, female dispersal, environmental disturbance, troop for-
mation, pioneer species

Abstract
Presently, in every region of the nation, citizens can obtain news about wild Japa-

nese macaques (Macaca fuscata) invading not only the countryside but also urban
areas. As documented in the present report, these individuals are confirmed to be fe-
males as well as males. Female Japanese macaques are thought to be philopatric,
never leaving their natal troops, while males disperse from their groups of origin. In
order to clarify the topic of female dispersal in Japanese macaques, data for the
Hakone T troop of M. fuscata are presented. Three stages of troop size were discrimi-
nated: an increasing stage, a fluctuating stage, and a decreasing stage. In the latter
two stages, 17 adult females deserted the troop. Characteristics of these stages are
compared and presented with observations on male movements. Based upon the
present findings, it is hypothesized that female dispersal is caused by the shortage of
natural food resources resulting from habitat destruction.

Introduction

Appearance of Wild Animals Within City Limits
In the summer of 2002, one bearded seal appeared in the Tama River running the

boundary between Tokyo and Kanagawa prefectures. Becoming very popular, the
seal was followed every day by numerous TV cameramen, photographers, and
crowds of citizens, including all age classes. Affectionately, the seal was named
Tama-poo.

Nowadays, we Japanese can often get news about wild animals from the land and
sea (e.g., sika deer, wild pigs, black bears, and monkeys), although in recent years
news reports about macaques have become less frequent because citizens have ha-
bituated to the appearance of macaques within the city limits.

Japanese macaques (Macaca fuscata) invade not only the countryside (e.g., culti-
vated areas, farms, and orchards) but also urban areas in every region of the nation.
Macaques are highly conspicuous. Solitary macaques, but not troops, appear and
wander through metropolitan areas such as Tokyo and Yokohama. For example, a
very famous young adult female named Azami moved about 20 km from Hachiouji
city to the center of Tokyo for three months between June and August 1999. Accord-
ingly, many TV reporters and photographers followed her and broadcasted her every
move. Moreover, in 2000, more than fifteen macaques appeared in the heavily popu-
lated coastal area of Kanagawa prefecture. Among these macaques, some sightings
were lone male or female individuals or small-sized groups of 2-3 animals, including
female, all-male groups, and/or a few mother-infant dyads. Until 30 years ago, how-
ever, most Japanese macaques appearing in urban areas were males, raising the
question: What accounts for this changed pattern?
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For the country as a whole, arch-shaped mountains run along the narrow Japa-

nese landscape, and �80 % of the country is mountainous and forested. Where inhab-
itable and arable, people are found, living in close proximity to habitats of Japanese
macaques. Because of this circumstance, macaques have sometimes appeared in the
rural countryside of Japan since ancient times (MITO and WATANABE, 1999).
However, most reports from rural areas also indicated that these animals were pri-
marily males. The appearance of female macaques in urban and rural areas is, then,
relatively recent. M. fuscata females are generally considered philopatric, never
leaving their natal troops (KAWAI, 1969; ITANI, 1987; also see PUSEY and PAC-
KER, 1987). What factors would cause a young adult female like Azami to desert her
troop, moreover, to move alone? Why did a lone female macaque appear in the center
of a city? Why did many macaques, including females, appear on the coast of Kana-
gawa prefecture? These and related questions motivated the research presented in
this paper.

Japanese Macaque Social Organization
For our studies, monkeys were marked and aged according to the methods de-

scribed by FUKUDA (1982, 1988). Our work generally confirmed previous reports on
M. fuscata (e.g., SUGIYAMA, 1960; see MELNICK and PEARL, 1987). Japanese
monkeys, well-studied in the field, are organized into multimale-multifemale troops
comprised of several female matrilines and a few male immigrants. Female off-
spring live in their natal troop throughout their lives, but male offspring emigrate
from their natal troop before sexual maturation. Emigrating males become solitary
and/or form temporary all male groups with other males, including unrelated males.
After 6 months or so, males immigrate into troops adjacent to their natal troop, and
young males emigrate from their natal groups when they are 5 or 6 years old, re-
maining in a new troop for 3 years or more (FUKUDA, 1982). New troops are formed
by a process of troop fission, occurring when troop size exceeds some threshold limit
(SUGIYAMA, 1960; FURUYA, 1968). Moreover, troop fission creates kin groups of
higher and lower rank (KOYAMA, 1970; OI, 1988), and troop members move and
forage together on a home range. Members of the well-studied T troop in Hakone
area have been known to fission-fusion habitually (FUKUDA et al., 1974; FUKUDA,
1988). During the mating season, between the end of September and the end of
March in all localities (KAWAI et al., 1967), solitary males sometimes approach
troops (KAWAI, 1969). The mating system is promiscuous (ENOMOTO, 1978;
TAKAHATA, 1982), whereby both sexes copulate with multiple partners during a
mating season. The age of primiparous females ranges from 4-8 years, depending
upon nutritional state (MORI, 1979).

Female Dispersal Clarified in the Hakone T Troop of Japanese Macaques
The following discussion is based upon observations of male and female dispersal

from the Hakone T troop of Japanese macaques (males: FUKUDA, 1982; females:
FUKUDA, 1983 [both in Japanese with English summary]). My colleagues and I sys-
tematically observed several troops of Japanese macaques in the Hakone Mountains
for at least 14 years between 1966 and 1980 and have continued to observe them in-
termittently since 1981. Hakone Mountains, located in the western part of Kana-
gawa prefecture, is approximately one and one-half hours by car from the Tokyo
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metropolitan area (Fig. 1). Two troops (T and P) inhabited the region when I began
observations. T and P troops had been provisioned between 1956 and 1976, and be-
tween 1964 and 1974, respectively. The size of T troop was about 35 in 1956 when
provisioning started. After that time, troop size increased and nearly doubled during
the first 11 years to 69 individuals in 1966 when my observations began. In 1967, H
troop was formed by two adult males originating from P troop, three adult females
from T troop, and seven unknown animals. Moreover, the size of T troop continued to
increase until 1969 (95 macaques). Between 1969 and 1974, troop size fluctuated
around 100. Then, from 1974 to 1978, troop size fell drastically to 57 animals.

Thus, these 13 years from 1966 to 1978 can be classified into three periods: an in-
creasing period before 1968, a fluctuating period from 1969 to 1974, and a decreas-
ing period from 1975 (Fig. 2). Naturally, the increasing factors of troop-size are
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and the study area are indi-
cated the lower figures.



based on high birth rate, younger primiparous age, low infant mortality, etc. These
parameters were caused by good nourishment as a result of provisioning. On the
other hand, P troop fissioned into two troops (P1 and P2) in November 1974, after the
cessation of artificial feeding in September 1974. Moreover, S troop had been found
in the Hakone area in 1969. Many tourists visit the Hakone area, where a recre-
ational area is located that has been designated a national park since 1936. As a re-
sult, macaques in all five troops (T, P1, P2, H, and S) have been conserved but were
occasionally given food from tourists along roadways (see cover photo).

Features of Females Who "Disappeared" and "Deserted"
During the eight years from April 1971 to March 1979, thirty-five females at least

five years of age disappeared from T troop (see SUGIYAMA, 1982). These females oc-
cupied almost all age classes. However, it should be noticed that, among the four dis-
appearances of females more than 20 years of age, all were found alive. Here, "disap-
pearances" means females disappearing from T troop and never returning to it again
(including females which deserted, were killed, captured, or were dead or alive but
not found). "Deserters" means animals that were found alive after disappearance.
There was no significant difference for number of disappearances and/or deserters
among three age classes (5-9 years of age, 10-14 years of age, and >15 years of age
[Table 1]). Deserters originated from thirteen kin groups (48.1 %) of all twenty-seven
kin groups in the T troop. Among all deserters, ten (55.6 %) were matriarchs of each
kin-group, six (33.3 %) were the eldest daughters of their matriarchs, and the re-
maining two were a granddaughter of her matriarch and the second daughter of her
matriarch, respectively (cf. FUKUDA, 1983).

Of all deserters, two were senior females who had not given birth, one for six and
one for three years before their desertion. The remaining fifteen (except one female 5
years of age) gave birth within two years before their desertions. Three females de-
serted from the troop with an infant (< l year old). Fifteen females deserted alone
from the troop. However, some relatives of four of the female deserters disappeared
almost simultaneously from the troop. There was a strong tendency for most desert-

ers (82.4 %) to issue from lower rank kin groups in T troop (�2= 6.370, p<0.02, df= 1;
see FUKUDA, 1983).
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and new troop fissioning from
this troop.



Table 1: Comparison of adult female residents and disappeared individuals and/or
deserters by three age classes in T-troop for seven years.

Age in
years

Adult
Female-

Years

Number of
Disappeared
Individuals

Expected
Value

Number of
Deserters

Expected
Value

5-9 118 6 7.7 7 8.2

10-14 59 4 3.9 4 4.1

15 & over 83 7 5.4 7 5.7

Total 260 17 17.0 18 18.0

As reported by FUKUDA (1983), the mean size of kin groups of the troop in April
1972 was 3.5 (N=27 kin groups). The mean size of kin groups which females deserted
was 3.8 (N=13 kin groups), occupying about half of the members of T troop. Since
March 1979, five of these 13 kin groups have become extinct from the troop, and the
remaining eight kin groups occupied 35 % of the members of the troop. The mean
size of these eight kin-groups decreased to 2.6 animals (N=8 kin groups). The ratio of
disappearances/deserters was closely related to the food supply, and there was a sig-
nificant inverse correlation between artificial food supply and number of adult fe-
males who disappeared and/or deserted from the troop(N= 5, rs= 0.90, p<0.05, Table
2). Thus, the lower the food supply in a year, the more females disappeared and/or
deserted compared with the number of those disappearing and/or deserting in the
previous year (cf. FUKUDA, 1983).

Table 2: Relationships between artificial food supply and number of adult females
disappeared and/or deserted from T-troop.

1972 1973 1974 1975 1976 1977

Difference* 31 -116 -55 26 -9

Number of Females 3 0 10 8 3 9

*Difference: (per capita food supply of the surveyed year) - (per capita food supply of the
previous year). Per capita food supply: refer to Table 4.

Conditions after Desertion
All 18 female deserters were found in Hakone area, which we had been studying.

Eighteen adult females were located immediately after desertion and were classified
into eight categories from the viewpoint of size, age-sex composition and group his-
tory. In other words, the categories were: remaining alone (n = 2) or only with her in-
fant (n = 1), forming a pair with an adult male (n = 1), forming new troops with mem-
bers of her previous troop or with strangers (n = 2), immigration into an adjacent
troop (n = 4), disappeared with collapse of subgroup of T troop during mating season
(n = 6), and repeated absence from T troop for more than one month (n = 2).

Eight deserters formed the new troop, and 4 immigrated into an adjacent troop
(i.e., one who was first found alone and three who formed the new troop). Out of 15
adult female deserters, 5 gave birth to offspring. Their babies had been conceived in
other troops (Na, Ds and P-2). Among five deserters found out of the range of T troop,
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1 was alone, 2 formed a new troop, and 2 immigrated into another troop. Among 13
deserters found in the range of T troop, 5 entered two subgroups of T troop and were
lost after disruption of these subgroups. Two deserters who repeatedly deserted
from and returned to T troop were lost after their final desertion. There is a high pos-
sibility that these seven female macaques not only went outside the range of T troop
but also outside the Hakone area. They could easily have been found if they had re-
mained in the Hakone area because they were accustomed to obtain food from tour-
ists along the roadside.

The formation of a new troop of Japanese macaques is based on a troop fissioning
into two troops when the troop-size exceeds some threshold size (SUGIYAMA, 1960;
FURUYA, 1968; KOYAMA, 1970). However, new troop formation has not been re-
ported, only the process of troop fissioning (FUKUDA, 1983, 1988, 1990). Accord-
ingly, the following describes new troop formation (Ds & Na) and the immigration
into other troops by female deserters.

Ds troop: Six adult females, who left independently from T troop over a period of
three years and two months between February1975 and April1978, formed a new
troop (Ds) with an adult male. Ds troop was formed February 1976 and continued for
more than five years and three months. For this period, there were three aggrega-
tion (troop formation) phases and two dispersion phases. Every aggregation phase
started in the latter half of the mating season, and dispersion phases occurred dur-
ing birth seasons. During the aggregation phases, a pair was formed comprising an
adult male from a troop other than T troop and an adult female who had deserted
from T troop. This pair was joined by a second female who had deserted from T troop.
The female-female association took place without agonistic behaviors. These fe-
males, however, were observed to attack and/or chase an adult male out of the newly
formed group. However, a strong bond existed between the original male and female
pair, and no blood relationship existed among females who formed the Ds troop. The
home range of this troop was very small, about 4 km2, which formed part of the range
of T troop.

Why wasn’t Ds troop’s home range larger? Ds troop members frequently ap-
peared nervous about their surroundings, possibly because of their proximity to T
troop. As soon as the members of Ds troop noticed members of other troops, they ran
away. Probably, if a new troop like Ds were to form in areas uninhabited by no other
Japanese macaques troops, the new troop would forage over a large range and troop
size would increase.

Na troop: Na troop was comprised of four adult males and four adult fe-
males—two females of unknown origin and two female deserters from T troop. Na
troop was formed in January 1976 and fused into P2 troop in January 1978. The fu-
sion between members of separate troops occurred without apparent tension, and fe-
males of different origin groomed each other frequently. While Na troop was form-
ing, there existed a strong affiliative relationship between the two female deserters
from T troop and a male. These relationships remained stable, even after the fusion
of the females from separate troops. The range of Na troop never overlapped that of
T troop. It was about 4 km2, located in the center of the range of S troop. The fusion of
two troops of Japanese macaques has not previously been reported.
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Emigration to other troops: Two females who had deserted from T troop
transferred into P2 (excluding two females from Na troop). One of these females re-
mained in P2 troop for about 3 months and the other for about 17 days. The 7 year
old son of one of these female transfers had already emigrated into the troop. How-
ever, there was no affiliative behavior between mother and son such as grooming,
and the son transferred into P1 troop two weeks after his mother emigrated into the
troop. The son’s transfer from P2 troop into P1 troop is an interesting case of second-
ary dispersal. This son avoided his mother, not displaying agonistic behavior to-
wards her or other P2 troop members. Another female participated in the formation
of Ds troop and transferred into P2 troop during the first dispersion phase of Ds
troop. There was no affinitive behavior between this female and the former, emi-
grant female.

Troop Desertion and Troop-Shifting by Females Other Than T Troop Females
Aside from the origin of T troop, it was confirmed that 8 adult females deserted

from one troop to another troop (Table 3). Fig. 3 shows the troop shifting of these in-
dividuals. Two adult females, (Hageko—her original troop unknown—and Punkt—
who originated from P2 troop), stayed in T troop for 2 months and one and half
months, respectively. Two other adult females, (Nanako and A—their original
troops unknown), participated in the formation of Na troop. One adult female,
(Nimiko—her original troop unknown), moved in and out of more than one troop (P1,
P2, and Na), and Shaku, more than 20 years of age, was absent from her P2 troop for
one and half years. During this time, she was discovered with Nimiko for only one
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Fig. 3: Troop shifting by adult females. T, P2, Na, and P1 indicates individual females
symbolized by their troop of origin. Nimiko and Shaku were found together on No-
vember 26, 1976. Alone= found alone. ?= troop of origin unknown.



day; however, in general her whereabouts could not be determined. Although the
original troops of Hageko, Nanako, A, and Nimiko were unknown, there is a possibil-
ity that they came from the neighboring area (i.e., the Izu Peninsula, the Tanzawa
Mountains, and Ashitaka Mountain [see Fig. 1]), because almost all macaques, ex-
cept infants less than one year of age, in the Hakone area could be recognized indi-
vidually. With the exception of an old female (Shaku), the age of seven other females
were estimated to be between 8 and 13 years of age compared with females of T
troop. Nimiko and Shaku moved with their babies, and others moved alone. The
troop shifting by these females seemed to take place without tension, because female
immigrants were never attacked by other troop-members.

Compaisons Between Dispersers in a Fluctuating and a Decreasing Period
The artificial food supply per capita per diem between 1972 and 1977 is shown in

Table 4. The average food supply in 1972 and 1973 was about 200 Cal, that in 1974
decreased to 112 Cal, while after 1975 it decreased to less than half the original
amount (to about 70 Cal). The annual amount of food supply before 1971 appeared to
be the same as that in 1972 (personal communication from an officer of the Yuga-
wara town office, FUKUDA, 1988). The drastic decrease of troop-size began in 1974,
when the food supply was decreased to almost half that of the previous year. On the
other hand, as already described, P troop fissioned into two troops (P-1 and P-2) after
1974 at which time the artificial food supply stopped.

It is suspected that the increase and decrease of troop size and the troop fission
were affected by the amount of food supply. Female desertions from T troop were ob-
served from 1969 to 1979, that is, after a fluctuating period and a decreasing period.
Thereafter, the number of disappearances of females five years of age and older in
the fluctuating period was compared with that in the decreasing period (Table 3).
The percentages (57 %) of deserters found with respect to all disappearances in
1971-1974 was higher than those (45 %) in 1975-1977. Similarly, for disappearances
of natal males two years of age and older, the percentages (38 %) of deserters found
with respect to all disappearances in 1971-1974 were also higher than those (21 %)
in 1975-1977. There was no significant difference between both periods for either
sex. However, these findings suggest that the scarce food supply may have induced
animals to disperse to distant areas other than into adjacent troops in the Hakone
area, although there is no concrete evidence for this possibility (see below).

Among resident animals in T troop, the number of non-natal males exceeded that
of natal males throughout the seven years (Table 4). "Resident" means 5 years of age
and older natal and non-natal males seen in T troop from the previous year. The
comparison of non-natal males to all resident males during 1971-1974 was signifi-
cantly lower than that during 1975-1977 (Mann-Whitney U - test, U = 0, p < 0.05).
On the other hand, among all non-natal males, the comparison of newcomers during
1971-1974 was significantly higher than that during 1975-1977 (U = 0, p < 0.05). The
shortage of artificial food supply during 1975-1977 could have caused the number of
newcomers to decrease and the ratio of non-natal males to all resident males to in-
crease. This suggests that the food shortage might have encouraged natal males to
desert the study troop while non-natal resident males remained in the troop. One
factor, possibly encouraging dispersal from the natal troop by males, could have
been the abundance and quality of food. However, the dispersal of non-natal males is
probably also based on factors other than food.
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Table 3: Number of deserters1 in all disappearances in 1971-1974 and 1975-1977.

Deserters Disappearances Rate2 of Deserters

Males Females Males Females Males Females

1971-1974 10 8 26 14 0.38 0.57

1975-1977 3 9 14 20 0.21 0.45

Total 13 17 40 34 0.325 0.50
1Animals which were found alive in the Hakone area.
2Rate of deserters in terms of the disappearances: Males: two and more than two years
old; Females: five and more than five years old.

Table 4: Residents, newcomers, disappearances, and amount of artifical food supply.

Year Troop Residents Newcomers Disappearances Total
1

Food

Size Male Female Male Female Male Female supply
2

N Non N Non N NON

1971 96 6 6 36 6 (2) - 12 (10) 1 9 (8) - 27 (23

1972 105 6 11 (1) 41 11 - 15 (11) 11 10 (7) - 37 (19) 197

1973 93 4 11 42 6 - 6 (4) 2 6 (6) - 15 (11) 228

1974 109 4 15 48 16 (1) 2 15 (14) 14 (1) 28 (18) 2 61 (36) 112

1975 91 4 17 40 5 - 13 (11) 9 18 (10) - 40 (21) 57

1976 74 2 13 33 4 - 7 (6) 8 (1) 10 (7) - 27 (16) 83

1977 65 2 9 31 1 - 6 (5) 3 17 (8) - 29 (15) 74

Total 633 28 82 (1) 271 49 (4) 2 74 (61) 68 (2) 98 (64) 2 236 (141)

Figures in parentheses indicate animals of four and less than four years old.
N: natal animals; Non: non-natal animals
1
Including infants whose sex was unknown (see table 1, FUKUDA, 1988)

2
Cal. per capida per diem

Among troop animals at least 5 years of age, including residents and newcomers,
there was a significant correlation between the number of males and females in each
year (rs= 0.922, N = 7, df = 5, p < 0.05; primiparous age was confirmed from 5 years of
age: cf. FUKUDA, 1988, Table 1), irrespective of the amount of artificial food supply
(Table 4). The existence of such a correlation suggests that the number of males at
least 5 years old was affected by the number of females at least the same age. The
number of non-natal or natal males was also affected by the number of females, and
the values for the three age-sex groups were closely associated with one another.

Seven Types of Males after Natal Dispersal
During the seven-years between April 1971 and March 1978, 49 non-natal males

and 2 non-natal females were observed in T troop, and another 6 non-natal males
were known to have been in it before April 1971 (FUKUDA, 1988). Of these 55 non-
natal males, 19 (34.5 %) came from adjacent troops: P (n = 14), P1 (n = 1), H (n = 3),
and S (n = 1). Most of the non-natal males were at least 5 years old (n = 51), and all of
the young males 4 years of age or less (n = 4) originated in adjacent troops. Five to 6
and 10 to 11 year old males were most common among the newcomer males when
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first seen in T troop. Younger males, less than 9years old, tended to stay continu-
ously for more than three years, while about half of the males at least 9 years of age
tended to leave and join T troop repeatedly over a period of a year or more. Such leav-
ing and joining males, when they were not seen in the subject troop, were usually
found in adjacent troops (FUKUDA, 1982). Thus, 10 to 31 non-natal males were al-
ways observed in T troop each year, comprising more than 80 % of the males age 5 or
older in the troop.

Those 55 non-natal males were classified into seven types on the basis of their as-
sociation with other troop-members and their range (Fig. 4). Waiting type (n=8):
males foraged in their own small ranges overlapping with the range of T troop. This
type copulated with females foraging in their range during the mating season. In the
non-mating season, these males were in friendly contact with other members of the

troop. Following type (n=15): males often followed T troop. They frequently formed
all-male groups and small-sized groups including females (cf. FUKUDA, 1989).
Their ranges were somewhat larger than the ranges of T troop. Wandering type
(n=5): males wandered from one troop to another and mated with females of each
troop. When such males were not seen in T troop, they were seen in an adjacent
troop. The range of a "wandering type" encompassed the whole Hakone area.
Visiting type (n=5): these males were higher ranking males of their troops, but in the
mating season they frequently left their troops to mate with females of adjacent
troops. These males deserted their troops completely after one or more mating sea-
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Fig. 4: Six types of male ranges after natal dispersal.
Circle= range of troop. Shadow= range of male.



sons. Resident type (n=13): these males were higher-ranking males in the troop and
mated with only females of the troop, and their ranges coincided with that of the
troop. Stepping stone type (n=7): these males were sometimes seen only in T troop for
a few years irrespective of season, and they were never chased out by females and/or
resident males. If these males dispersed to other troops, they repeated the same
"stepping stone" pattern. Their ranges were larger than their troop’s range. Passing
type (n=12): these males were sometimes seen in or near the troop for only a few days
to some months, and, thereafter, were never seen in or near the troop again. Perhaps
they went out of the Hakone area. Thirteen non-natal males became "resident type"
males, among them, 6 were "resident types" from the beginning, 6 turned into the
"resident type" from the "following type", and the remaining one was initially the
"waiting type."

These facts suggest that, after natal dispersal, male Japanese macaques have
various flexible foraging and mating strategies ("alternative behavioral phenotypes"
or "alternative reproductive behaviors"), and there is a high possibility that, after
natal dispersal, males form a new troop comprising female deserters and/or their off-
spring. In particular, a "resident type" male has the possibility of forming a new
troop with female deserters (cf. FUKUDA, 1991, 1992).

We confirmed 115 natal males born in T troop over a 13 year period from 1965 to
March 1978 (animals which were born in 1965 were censused in the next year).
Among these males, 97 (84.3 %) have disappeared from the troop. Twenty-five
(25.8 %) of these disappeared natal males were confirmed after disappearance (21
males emigrated into other troops, 2 were captured, and 2 died). The age when these
21 males deserted from T troop ranged from 2 to 7 years of age. Among 21 deserters,
18 were found in adjacent troops (P troop: n= 12, P2: n= 1, H: n= 3, S: n= 2), and 3
were found in the Hagachi troop, about 60 km south from the center of the range of T
troop. One 4-year old who was in T troop in March 1978 deserted from the troop in
August 1980 and was found in the Hagachi troop in December 1981 (FUKUDA,
1982).

Among all disappearances for the 15 years from 1966 to 1981, including non-
natal males from T troop, only three tattooed males were found alive outside the
Hakone area. In the neighborhood of the Hakone area, macaque troops inhabit the
central and southern part of the Izu peninsula, the Tanzawa Mountains, and Mount
Ashitaka (Fig. 1). Among 97 disappearing natal males of T troop, 49 disappeared be-
fore they were 2 years of age. These disappearing males were thought to be dead
since male macaques less than 2 years old rarely survive on their own. Out of the re-
maining 48 disappearances of natal males 2 years of age or more, 18 (37.5 %) were
found alive in the Hakone area, 3 were found in another area, but the remaining 28
(58.3 %) were not found again. Many of them probably dispersed into other areas in-
cluding the Izu Peninsula, Mount Ashitaka, or the Tanzawa Mountains, such as the
three tattooed males.

It is unlikely that all disappearing males died. Feral dogs probably represented
the only predator for them. However, in Japan, if feral dogs are found, they are cap-
tured by public officers. Tourists sometimes fed the monkeys along the roads in the
Hakone area. As a result, there is a high possibility that some macaques from T
troop were killed in traffic accidents. On the other hand, macaques sometimes raid
orchards during the winter season, and some of the monkeys from this study were
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most likely captured or shot (cf. FUKUDA, 1988). However, if they were killed, shot,
or captured, this information is easily retrievable from the department of Wildlife
Conservation and Management of the Kanagawa prefecture government. To date,
we have not obtained this information about our study animals.

There is a high possibility that many males dispersed into areas other than
Hakone because the Hakone area is located only about 20 km to the west of the
Tanzawa mountains which is inhabited by some troops of M. fuscata. Accordingly,
most newcomer males originating from unknown troops are thought to originate
from the Tanzawa, the Izu, and other areas. Although there is a highway between
the Hakone and the Tanzawa areas, wild animals can move under the road. Irre-
spective of some highways between the Hakone and Izu areas, three dispersing
males from T troop crossed them and transferred into the Hagachi troop located in
the southern part of Izu Peninsula. KAWAMOTO (1997, 2002) clarified the distribu-
tion of mitochondria DNA (mtDNA) of Japanese monkeys in Kantou-Koushinetsu
district (see Fig. 5). This suggests that even females may disperse to areas other
than Hakone. The Hakone area probably plays a role as a corridor between the
Tanzawa and Izu areas.
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Fig. 5: The distribution of
mtDNA variation of Japane-
se macaques in eastern Ja-
pan (after KAWAMOTO,
1997, Fig. 2). Dots indicate
sites of data collection.
Numbers indicate mtDNA
type. Hagachi, Hakone, and
Tanzawa results are of the
same mtDNA type (type 7).



The Present Situation of the Hakone Area and the Meaning of Female Dispersal
The present ranges of the troops in Hakone area are shown in Fig. 6 (after

MCMHWKP, 1998, Fig. 3). In Hakone area, every macaque troop moved down from
the mountain area. It is suspected that one factor for the moving of their range is en-
vironmental disturbance. The total population size seems not to have decreased sig-
nificantly, probably because troop members frequently invade farms and orchards
and obtain high nutrient foods.

Primate Report 68, January 2004 65

F. Fukuda: Dispersal in Japanese Macaques

Fig. 6: Ranges of five troops (S, H, T1, T2, and P1) in the Hakone Mountains between
1990 and 1993 (redrawn from MCMHWKP, 1998, Fig. 3). Bold lines indicate each
troop’s range.



On the other hand, within the last half century in the Tanzawa area, two big
dams, whose catchments are about 200,000,000 m3 and 100,000,000 m3, were con-
structed. Many golf courses were created, many forest roads have been cut and
paved, and steep slopes along the roadside were covered with concrete. The Hakone
has been similarly modified. In Japan, much of the natural destruction and exploita-
tion of natural resources have been carried out in every part of the mountainous ar-
eas, not only of Tanzawa and Hakone Mountains. As a result, the habitat of wildlife
animals, including Japanese macaques, has been destroyed and some troops of Jap-
anese macaques have been moved from the mountainous area, although invasions to
cultivated areas of these troops are also based on other artificial factors (WATA-
NABE, 2000). Because of habitat destruction, then, female and male macaques dis-
perse widely, including into metropolitan areas. It is quite apparent that the appear-
ances of male and female macaques within the city limits are caused by the shortage
of natural food resources resulting from the destruction of their habitat.

Environmental Disturbance and the Origin of Pioneers
When habitat is destroyed and/or the environment becomes severe, macaques

disperse not only into adjacent areas but also distant regions. In these conditions,
males and females disperse from their troops. Four hundred thousand years ago, the
ancestors of Japanese macaques migrated from the southern part of the Korean pen-
insula into the northern part of Kyushu district of Japan when Japan and Korea
were connected during the glacial epoch of the Pleistocene (MITO and WATANABE,
1999). The ancestors of Japanese macaques crossed the corridor into the Kyushu dis-
trict, settling there. Exhibiting characteristics of populations in the early stage of
growth, they gradually expanded their habitats (distribution) when environmental
circumstances were good, that is, when sufficient food was available for these mon-
keys, and were able to broaden their range into habitat unoccupied previously by
macaques, rapidly increasing their population. Because of an abundant supply of
food, the primiparaous age was probably younger than at the present time, rates of
conception and birth rates were probably high, infant mortality and death rates
were probably low, natal males tended to stay in their natal troops, new troops were
formed by troop fission, etc. (FUKUDA, 1988, 1992). During the glacial epoch, how-
ever, there were fluctuating periods of good and severe environmental circum-
stances (MITO and WATANABE, 1999).

Based upon knowledge of dispersal patterns under present conditions of environ-
mental disturbance, I speculate that the expansion of the Japanese macaque’s dis-
tribution would have occurred as follows. When the environment was good, their dis-
tribution enlarged gradually by means of troop-fission; however, when the environ-
ment was severe, females as well as males deserted from their troops and dispersed
into distant rather than adjacent areas. As a result, the distribution of Japanese ma-
caques enlarged rapidly and widely. By the latter process, they reached the Shimo-
kita Peninsula, the most northern area presently inhabited by M. fuscata. There is a
possibility, therefore, that the macaques distributed in the Shimokita Peninsula
have many characters of the ancestors of Japanese macaques, as described by
FUKUDA (1992).

It is possible that such a dispersal strategy in conditions of severe environmental
disturbance, as above-mentioned, would be general to mammals. In times of the gla-
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cial epoch, various mammals, including human beings, migrated to the American
continents from Asia, crossing the Beringia (YOSHIZAKI and NYUUI, 1980). Ani-
mals would evolve so that they dispersed into more distant and more accommodat-
ing areas when the environment in one locale became severe.
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THE BIOGEOGRAPHICAL EVOLUTION AND PHYLOGENY OF THE GENUS
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Abstract
The genus Presbytis is more or less confined to Sundaland, and, within this re-

gion, the distribution of its species is partly a result of changes in geography, sea lev-
els, and vegetation during the Pleistocene (and perhaps of the Late Pliocene) and
partly of present-day soils and vegetation. We use the molecular cladogram of ZAIN,
the phylogenetic insights of BRANDON-JONES, and our own craniometric analysis
to elucidate the past patterns of vicariance, dispersal, and range contraction and ex-
pansion.

Introduction
In this paper, we examine the biogeography of Presbytis, a genus of leaf monkey

(Colobinae) confined to Sundaland, i.e., the Malay peninsula (including peninsular
Thailand) and the western Indo-Malay archipelago (Sumatra, Java, Borneo, the
Natuna Islands, the Riau Islands, and the Mentawai Islands) (see Figure 1). Al-
though in the seminal work of NAPIER and NAPIER (1967) leaf monkeys now be-
longing to other genera were placed in the genus Presbytis and only five species (P.
aygula, P. melalophos, P. frontatus [sic], P. rubicundus [sic] and P. potenziani) were
recognized in the group now under consideration, the group has become more and
more speciose as understanding has grown. GROVES (2001) has produced a work-
ing taxonomy (here reproduced as far as is necessary in Table 1) with explanations of
how it differs from those of earlier authors, in particular, the important contribu-
tions of BRANDON-JONES (1977, 1996a,b,c, 1998) and AIMI and his colleagues
(AIMI and BAKAR, 1996; AIMI et al., 1986), as follows:

� Sumatran/Malay peninsular P. femoralis is now universally regarded as a species
distinct from P. melalophos.

� BRANDON-JONES (op.cit.) has recognized P. siamensis as a further Sumatra/
Malay species.

� GROVES (2001) separates Bornean P. chrysomelas from P. femoralis.

� The species formerly called Presbytis aygula [a name which does not in fact refer
to a leaf monkey but to a macaque (NAPIER and GROVES, 1983)] has been bro-
ken up. POCOCK (1935), AIMI and BAKAR (1996) and GROVES (1970) have sep-
arated Sumatran P. thomasi and Bornean P. hosei from Javan P. comata. BRAN-
DON-JONES (1996b) did not recognize this separation, and continued to refer all
three to a single species, Presbytis comata.

� On the other hand, BRANDON-JONES (1995) separated P. fredericae from P.
comata as a distinct species; NIJMAN (1997), however, showed that the two grade
insensibly into each other over a wide area.
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We may mention that work on the genus continues, and it is far from certain that
the number of valid species is at a maximum; in particular, we are of the opinion that
P. hosei sabana and P. h. canicrus should be regarded as separate species from P.
hosei.
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Fig. 1: Distribution of Presbytis species, according to GROVES’ (2001) taxonomy.



Table 1: Post-1977 Taxonomic Arrangements of the Genus Presbytis.

GROVES, 2001 BRANDON-
JONES, 1977,

1996a, b, c

AIMI et al., 1986;
AIMI and BAKAR,

1996

Distribution

P. melalophos
melalophos

W. Sumatra

P. m. bicolor C. Sumatra

P. m. sumatrana
N.W. Sumatra,
Batu Is.

P. m. mitrata S. Sumatra

P. femoralis
femoralis

Johor

P. f. robinsoni N. Malay peninsula

P. f. percura E.C. Sumatra

P. natunae Bunguran I.

P. chrysomelas
(2 subspp.)

Subspp. of
P. femoralis

N. coast Borneo

P. siamensis
siamensis

Subspp. of
P. femoralis

Peninsular Malaysia

P. s. rhionis Bintang I.

P. s. cana
Kundur I.,
E.C. Sumatra

P. s. paenulata E.C. Sumatra

P. frontata C. & E.Borneo

P. comata comata W. Java

P. comata fredericae Distinct sp. C. Java

P. thomasi Subspp. of P. comata Far N. Sumatra

P. hosei hosei N.E. Sarawak coast

P. h. everetti
Inland Sarawak,
W. Sabah

P. h. sabana Sabah

P. h. canicrus E. Kalimantan

P. rubicunda
(6 subspp.)

Borneo,
Karimata Is.

P. potenziani
(2 subspp.)

Mentawai Is.

Phylogenetic Relationships
BRANDON-JONES (1977) proposed a set of evolutionary relationships among

Presbytis species based mostly on coat coloration (Figure 2a). He suggested that the
most primitive form of Presbytis is P. potenziani from the Mentawai Islands, off
western Sumatra, with dark coloration, followed by the intermediate forms, comata,
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thomasi, and hosei (which he united in a single species, P. comata), and culminating
in the most derived forms, P. melalophos, femoralis, frontata, and rubicunda, with
red/brown coloration. Among the "derived" forms, BRANDON-JONES (1996b) pro-
posed a special affinity between P. melalophos and P. rubicunda because of similari-
ties in behavior. Based on head pattern, BRANDON-JONES further proposed that
P. rubicunda derived from P. siamensis. He also suggested a close evolutionary affin-
ity between P. frontata and P. comata sabana, based on shared external cephalic
structures. BRANDON-JONES (1996c) provided the following hypothesis for the
evolution of Presbytis comata: During the late Middle Pleistocene the species was
continuously distributed across Borneo and Sumatra. Presbytis was initially con-
tracted to the Mentawai Islands by a severe glaciation at 190 thousand years (Kyr)
ago. At this time, neither the Mentawai endemic P. potenziani nor its descendant P.
comata had colonized Borneo, and P. comata evolved from P. potenziani after this
glacial period. The next glacial period restricted P. comata to several glacial refugia,
including one in north Borneo, in approximately the same area as the present-day
distribution range of what he referred to as P. comata everetti (i.e., western Sabah
and eastern Sarawak). The three peripheral Bornean subspecies of P. comata (hosei,
canicrus, and sabana) appear to represent the first stage of extra-refugial dispersal.
BRANDON-JONES also hypothesized a glacial refugium in northern Sumatra, from
which populations dispersed. One branch (P. melalophos) dispersed as far as the
southern tip of the island, and another emigrated to the Malay Peninsula and north-
west Borneo. The only possible instance of sympatry resulted from a reverse dis-
persal of P. siamensis from the Malay Peninsula (BRANDON-JONES, 1996c). To al-
low for the interstadial dispersal from Sumatra to Borneo, BRANDON-JONES hy-
pothesized an eastward current that carried rafts of floating vegetation between the
two islands.

Melding BRANDON-JONES’s model of color evolution with the principle of
metachromism of HERSHKOVITZ (1967; 1977), GROVES (1989) proposed a centrif-
ugal speciation hypothesis for the genus. He saw black – gray – red/brown as in-
creasingly centrally evolved and dispersing out to replace the more plesiomorphic
colors, so that the primitive black P. potenziani remains only on the Mentawai Is-
lands, the grey P. comata, P. thomasi, and P. hosei are in Java, northern Sumatra
and northeastern Borneo, respectively. The remaining species, all red or brown, are
central in distribution (spoiling this is a tendency for the apomorphic ones to revert
to black in some areas: P. melalophos sumatrana, P. femoralis chrysomelas).

AIMI and colleagues (AIMI and BAKAR, 1996; AIMI et al., 1986) considered the
taxonomy of the genus in Sumatra, recognizing three species distinguished alike by
characters of pelage, skull and vocalization. In this model, P. melalophos is the sister
species to a clade containing P. femoralis plus P. thomasi. They effectively completed
the metachromatic progression by describing a new subspecies, P. melalophos
bicolor, the whitest, and so, in the Hershkovitzean scheme, most apomorphic of all in
the central Sumatran highlands.

ZAIN (2001) used various molecular techniques, including mtDNA markers
(ND3, ND4L, ND4, and tRNAs), paternal Y-chromosome markers (TSPY and SRY),
and biparental autosomal markers (IRBP intron-3), to investigate phylogenetic rela-
tionships among several (but not all) Presbytis species (Figure 2b). He also used the
DIVA program (see RONQUIST, 1997) to reconstruct the possible ancestral distri-
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Fig. 2: Phylogeny of Presbytis, after (a) BRANDON-JONES, 1996a,b, and (b) ZAIN,
2001. Note that, strictly speaking, BRANDON-JONES regards some living taxa as
unchanged ancestors of others, but in (a) they have here been represented as sister
taxa for comparison with ZAIN’s phylogeny. In (b), the subspecific names used by
ZAIN have where appropriate been changed to specific names as in Table 1 and in the
text. Numbers in (b) refer to estimated divergence times between clades [after Fig.
3.10 in ZAIN (2001)]. Taxa not included in this research were: femoralis percura, Su-
matran siamensis subspp., frontata, potenziani, h.hosei and everetti, and canicrus.
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bution of the genus Presbytis. ZAIN’s main conclusions, relevant to this research,
were that:

� P. comata, P. thomasi, and P. hosei are separate entities and do not belong to the
same species as suggested by CHASEN (1940), HOOIJER (1962), and recently re-
stated by BRANDON-JONES (1996a).

� P. rubicunda and P. melalophos (including P. siamensis) are not closely related.
Instead, P. rubicunda groups closely with a clade containing P. thomasi and P.
comata, a result that is strongly supported by high bootstrap values.

� The ancestral Presbytis underwent two cladogenic events on Borneo. The first
split separated into hosei and a clade containing all other Presbytis. This second
clade underwent a further cladogenic subdivision into a melalophos-like group
and a comata/thomasi/rubicunda clade.

The chain of evolutionary events suggested by ZAIN (2001) involves a dispersal
pattern starting on Borneo, moving west to the Malay Peninsula and Sumatra, and
south to Java. This is exactly opposite to the direction of events proposed by
BRANDON-JONES (1996a), whose ancestral species moved from the Mentawai Is-
lands to the east via Sumatra [note, however, that ZAIN (2001) did not study P.
potenziani from the Mentawai Islands]. ZAIN (2001) estimated that the divergence
time among Presbytis species ranged from 3.2 to 0.8 Ma; although, P. potenziani was
probably the species that first diverged from the other Presbytis (BRANDON-
JONES, 1996a, and also see below), and Presbytis evolution thus started earlier.

One of us (EM) has investigated the palaeoenvironments of the SE Asian region
in the Late Tertiary to Late Quaternary (MEIJAARD, 2003a) and has also worked
extensively on the distribution of Bornean primates (e.g., MEIJAARD and NIJMAN,
2000; MEIJAARD and NIJMAN, 2003). Furthermore, we statistically analyzed
measurements on 277 colobine skulls which provided additional insight into the
phylogenetic relationships within Presbytis. These craniometric data will be pub-
lished elsewhere. In this paper, we use our palaeoenvironmental reconstructions
and combine them with our latest biogeographic and taxonomic insights to test
which of the above biogeographical scenarios is more parsimonious with our data.

Palaeoenvironmental reconstructions
ZHANG et al. (1993) suggested that Asian colobines migrated into Sundaland

during the Late Pliocene or Early Pleistocene; the earlier part of the time span fits
the divergence times estimated by ZAIN (2001). They migrated from Africa to India
and dispersed into southern India, Burma, Malaya and Sundaland. It is possible
that, at the same time, another migratory route existed along the northern bank of
the Tethys Sea in southern Tibet via Yunnan into Vietnam and, finally, toward the
east around the Sichuan Basin. For colobines, that may have meant that there were
two important centers of radiation, one being Sundaland and the other being the
Heng Duan mountain region (ZHANG et al., 1993). The split between Nasalis and
Presbytis occurred approximately 5 Myr ago, according to SARICH (1970), after
which Simias and Nasalis split. ZAIN (2001), however, estimated an earlier split,
6.7–7.4 Myr ago, between Nasalis and Presbytis, based on a cercopithecine-colobine
divergence of 10-11 Myr [DELSON, personal communication, quoted in ZAIN
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(2001)]. Presumably, this split occurred in Sundaland, whereas the mainland Asian
colobines diverged in the other center of radiation (ZHANG et al., 1993).

If the Presbytis group, indeed, entered Sundaland at the end of the Miocene or in
the Early Pliocene, they would have followed a route along the Malay Peninsula into
what is now Borneo, and possibly Sumatra (see below). Java became disconnected
from this landmass after the Early Pliocene, and dispersal to Java could only have
occurred across sea water (Figures 3 and 4). The proto-Kapuas River could have
been a barrier between the northern and southern part of Sundaland, although no
evidence concerning this is presently available.
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A land connection between Borneo and western Java probably existed in the Late
Miocene-Early Pliocene (ca. 7–5 Myr ago) (MEIJAARD, 2003a), but it is unlikely
that leaf monkeys had already entered Sundaland at that time. The first time that
Presbytis monkeys could have migrated to Java would have been in the Early–Mid-
dle Pleistocene, as is also suggested by fossil finds of Presbytis aygula (=comata)
(HOOIJER, 1962) and other similar-sized monkeys of the genera Macaca and
Trachypithecus [e.g., van den BERGH, 1999; JABLONSKI and TYLER, 1999; but
note that LARICK et al. (2000), suggested that this happened much later, in the
Middle–Late Pleistocene]. This land connection between Borneo/Malaya and Java
probably disappeared after the Middle Pleistocene (see van BEMMELEN, 1970),
which would have isolated the species on Java. The arrival of a new Late Pleistocene
fauna on Java as shown in the fossils of the Punung fissures (e.g., BADOUX, 1959)
indicated that by approximately 80–60 Kyr ago Java had once more become con-
nected to the rest of Sundaland. It is unclear whether this fauna originated from
Borneo or from Sumatra, or from both, but the species composition (including
Capricornis sumatraensis, Hylobates syndactylus, Elephas maximus, and Sus scrofa
vittatus) strongly suggests a land link between Sumatra and Java. All of these spe-
cies now occur in Sumatra but not in Borneo; Elephas maximus is thought to be a re-
cent arrival on Borneo (MEDWAY, 1977).

It is unclear for how long Sumatra remained an island. The Asahan Arch, a land
bridge between the Malay Peninsula and northern Sumatra (see Figure 3), may
have existed until the Late Miocene or Early Pliocene (MEIJAARD, 2003a), but it is
unclear whether this predated the arrival of Presbytis in Sundaland or not. It could
be that Presbytis arrived on Sumatra as early as the Late Miocene–Early Pliocene,
and did not survive (see below), whereas "modern" species arrived on Sumatra only
during the Middle–Late or Late Pleistocene, presumably when a land connection
with the Malay Peninsula and Java was established. There are also indications that
northern Sumatra remained an island separate from southern Sumatra during
much of the Pleistocene (MEIJAARD, 2003a), and, possibly, P. thomasi evolved on
this isolated northern island.

The Mentawai Islands probably became sub-aerial in the Pliocene (see SAMUEL
et al., 1997), when the island arc was uplifted. Presumably, this led to increased sed-
imentation in the seas between the islands and the mainland, and it is unclear
whether and when the islands were connected to Sumatra. Siberut, Sipura, and the
Pagai Islands are presently all separated from Sumatra by seas < 100 m deep, and it
is therefore likely that low sea-levels during the Late Pleistocene would have con-
nected the islands to the mainland. This is also indicated by the mammalian faunas
on these islands which appear to be a mixture of endemic species and ones that are
much more widespread in Sundaland (e.g., MEIJAARD, 2003b). Still, the relative
paucity of common Sundaland species in the southern Mentawai Islands suggests
that if a last glacial maximum (LGM) land connection existed between these islands
and mainland Sumatra, it probably still posed a considerable ecological barrier, lim-
iting the dispersal of terrestrial mammals to and from these islands.

The question of when Borneo first became an island is of considerable importance
to the evolution of leaf monkeys. Borneo had for a very long time been part of the
Asian mainland through its connection with the Malay Peninsula. LLOYD (1978
cited in WILSON and MOSS, 1999) suggested that Borneo lost its connection to the
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mainland during the latest Miocene or Pliocene, which was possibly caused by global
sea-level changes and/or plate readjustments (WILSON and MOSS, 1999), but EM’s
reconstruction indicates that this may have happened later. Also, because the seas
between Borneo and Malaya would probably have been shallow, they would have
been greatly influenced by glacially induced sea-level changes.

Fossil record
The fossil record for the colobines in island South-East Asia is relatively poor. On

Java, HOOIJER (1962) tentatively identified some Middle Pleistocene remains as
Presbytis, which he considered to be identical to P. aygula (= P. comata). On Borneo,
there is a relatively large sample of cranio-dental remains from the Niah Cave area
in north-east Sarawak. According to HARRISON (2000) this material, which dates
back to the Late Pleistocene, definitely does not include P. femoralis (= P. chryso-
melas), and is most similar to P. rubicunda and P. hosei. The colobines from Gua
Sireh, a Holocene deposit in western Sarawak, appear to be assignable to a single
species of Presbytis, which is presumably P. chrysomelas (HARRISON, 2000). In Su-
matra, HOOIJER (1962) described Presbytis remains from the Late Pleistocene cave
deposits of Lida Air in Central Sumatra, but he could not determine their specific
identity.

Phylogenetic reconstruction based on craniometrics
In addition to the data by BRANDON-JONES (1996a, b) and ZAIN (2001), we ob-

tained further phylogenetic data by statistically analyzing measurements on 277
colobine skulls including all the Presbytis species and Trachypithecus cristatus and
T. obscurus as outgroups (MEIJAARD and GROVES, unpublished data). First, we
obtained unstandardized canonical discriminant functions evaluated at group
means, which provided the input in a dissimilarity matrix based on the square root
of the squared Euclidean distance between species. Dendrograms were constructed
using MEGA version 2.1 (KUMAR et al., 2001). The resulting Neighbour-Joining
tree, rooted at the split between Trachypithecus and Presbytis (Figure 5), indicated
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species (MEIJAARD and GROVES, unpublished data).



that initially P. potenziani and the other Presbytis diverged, which is in accordance
with BRANDON-JONES [1999, note that ZAIN (2001) did not include potenziani in
his analysis]. From this point onwards, our phylogenetic reconstruction deviates
from that of BRANDON-JONES by splitting a clade containing sabana (but not
hosei and canicrus) and thomasi from the other Presbytis. Interestingly, ZAIN, who
only used samples from sabana and not other taxa in the in hosei group, also pro-
posed an early divergence of sabana (note, however, that we only measured 2 sabana
skulls and that the early split of this species does not have statistically significant
support). Our data also support the earlier mentioned hypothesis that canicrus
should be considered a species distinct from hosei and sabana, which is primarily
based on the significantly longer palate in canicrus together with a relatively short
cranium.

Discussion
Based on the existing information, we attempt to reconstruct how leaf monkeys

could have dispersed through and evolved in the region. It appears that they initially
arrived from the Asian mainland probably sometime during the Late Miocene–Plio-
cene. Considering the early divergence of potenziani, hypothesized by BRANDON-
JONES and supported by our craniometric data, the ancestral potenziani probably
entered Sumatra across the Asahan Arch (Figure 3), which shortly afterwards be-
came submerged, cutting off connections between Malaya/Borneo and Sumatra. P.
potenziani evolved on Sumatra and spread to the Mentawai Islands during the Plio-
cene–Pleistocene. Why the species became extinct on mainland Sumatra is unclear.
It may either have been displaced by a later Presbytis species, or, maybe, its habitat
temporarily disappeared during one of the many Pleistocene glacials. None of the
phylogenetic reconstructions supports a sister species relationship between poten-
ziani and thomasi, although WILSON and WILSON (1977), who compared Presbytis
vocalizations, suggested that the two may be subspecifically related. Still, it is un-
likely that potenziani and thomasi arose vicariantly when the Mentawai Islands and
Sumatra became disconnected.

In Borneo/Malaya, several million years later, a split probably occurred between
sabana (with or without the other species from the hosei-group) and frontata. We hy-
pothesize that this split happened at the start of the Pleistocene and was caused by
the development of the Mahakam River. SMIT-SIBINGA (1953) stated that, ca. 2
Myr ago, the Mahakam River came into being, because of uplift in the central Borneo
region, and that this river initially flowed into the very large Kutai Lake (of which
the present lakes are only remnants). Together with the Kapuas River in west Bor-
neo, this could have divided Borneo into 2 distinct regions.

Sometime during the Pliocene or Pleistocene the separation of Borneo from the
Malay Peninsula would have provided a mechanism for the divergence between the
siamensis/femoralis/melalophos/chrysomelas group and the remaining Bornean
Presbytis species. P. comata would subsequently have migrated to Java across an
Early–Middle Pleistocene land bridge, but it is unclear whether this land bridge was
only connected to the Malay Peninsula or whether there was also a direct link to Bor-
neo. ZAIN’s (2001) data and our craniometrical analysis support a close relationship
between the Javan comata and the Bornean rubicunda. Although there is limited
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concordance between the 3 phylogenetic models regarding the relationships be-
tween thomasi, comata, and rubicunda, ZAIN’s data strongly suggest that the 3 spe-
cies form a monophyletic clade. We speculate that an ancestral species on the south-
ern Malay Peninsula, or on the peninsula’s extension along the Riau/Lingga Archi-
pelagos and Bangka and Belitung Islands, crossed to Sumatra, Java, and Borneo
during an Early-Middle Pleistocene glacial period. It remains unclear where and for
how long these land connections between Malaya, Java, Sumatra, and Borneo ex-
isted. During the Early–Middle Pleistocene, the following situation may have ex-
isted:

� In northern Borneo, the hosei-group occurred, separated by the Kapuas and
Mahakam Rivers from the frontata-ancestor.

� In southwest Borneo, rubicunda lived.

� On Java, comata occurred.

� On most of Sumatra, thomasi—potenziani having by then been isolated on the
Mentawai Islands, whereas the melalophos-group (including siamensis, femo-
ralis, and natunae) occurred on the Malay Peninsula and its southern extension to
the Riau, Lingga, Bangka, and Belitung areas (see Figure 6).

Assuming that ZAIN’s (2001) divergence times are approximately correct, spe-
ciation in the melalophos-group happened during the Middle Pleistocene, sometime
between 1.4 and 0.8 Myr ago. Van den BERGH et al. (1996) suggested that a regime
of moderate sea-level fluctuation mode had existed since 2.4 Myr BP but that this
changed dramatically to high amplitude fluctuations during the Middle–Late Pleis-
tocene (app. 800 Kyr ago). Minimum sea levels dropped to 170 meter below the pres-
ent-day levels. These much lower sea-levels could have provided opportunities for
dispersal of the melalophos-group into Borneo and Sumatra, which, after sea-levels
rose, would have isolated them in those areas (Figure 7).
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The 3 phylogenetic models do not agree on the relationships between melalophos,
femoralis, siamensis, and natunae, and the speciation model for this group remains
unclear. Considering that melalophos occurs exclusively on Sumatra, evidently its
evolution was the direct result of the dispersal of its ancestor from Malaya to Suma-
tra during a period of low sea-levels, after which it was isolated again when sea-
levels rose. On Sumatra, melalophos would have encountered thomasi, unless the
latter species was already isolated in north Sumatra (north of the Sibolga area),
which EM thinks may have been an island for much of the Pleistocene.

Interestingly, ZAIN (2001) estimated that natunae diverged from the rest of the
melalophos-group between 1.4 and 0.8 Myr ago, which suggests that its ancestor dis-
persed from Malaya to the Bunguran Island area (to which natunae is now restric-
ted) or that it evolved elsewhere as an isolated population, before being restricted to
the Bunguran Island area after the LGM. We do not have an explanation for the di-
vergence between femoralis and siamensis, which presumably occurred on the Ma-
lay Peninsula and its southern extension. During periods of low sea-level, large
rivers may have dissected this narrow land area, especially in the more eroded
southern parts (where now only small island groups remain), and possibly the two
species became isolated by one of these rivers.

Having provided a working model for speciation within Presbytis, we will now try
to find an explanation for some of the peculiar distribution patterns, and the
subspeciation within the group. Firstly, there is the unusual situation of general
sympatry between the Bornean species (Figure 1, Table 2): P. rubicunda is sympa-
tric with each of the others, and locally there is marginal sympatry between pairs of
others, whereas on Sumatra and in Malaysia, the species occur almost completely
allopatrically. BRANDON-JONES (1996b) ascribed this to different climatic histo-
ries of Pleistocene refugia in the two islands. We suggest that it relates, rather, to
present-day ecology.
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Table 2: Sympatric Species of Two Dietary Guilds in Borneo and Sumatra.

Borneo

folivores/granivores

Colobines

frugivores

Cercopithecine + Hylobatids

N. Kalimantan and

E. Sarawak

Sabah; W. Sarawak + most of

Kalimantan

N. larvatus N. larvatus Macaca fascicularis

P. rubicunda P. rubicunda M. nemestrina

P. hosei or canicrus P. sabana or frontata or chrysomelas Hylobates muelleri or albibarbis

P. frontata or chrysomelas T. cristatus

T. cristatus

Sumatra

Presbytis sp. M. fascicularis

T. cristatus M. nemestrina

H. lar or agilis

Symphalangus syndactylus

The higher population density (and correlated behavioral differences) of orang-
utans (Pongo spp.) in Sumatra compared to Borneo has been interpreted as spring-
ing from Sumatra’s greater soil fertility, and consequent higher biotic productivity
(DELGADO and van SCHAIK, 2000). In Africa, trees in forests growing on poor soils
have leaves with highly developed toxic defenses against predation, and the arbo-
real primates that are most diverse and most abundant are those able to detoxify
them, such as many colobines. It is in such forests that specialized leaf eaters and
seed predators (e.g., most Presbytis) predominate in the poorest soils of all. On the
other hand, on better soils, there is a greater diversity of trees with fleshy fruits, and
all monkey taxa are more frugivorous than their vicariants in regions of poorer soil.
In the richer regions of West-Central Africa, colobines, primarily folivorous, are ab-
sent altogether, with the exception of Colobus guereza, which at Makokou is actually
predominantly a frugivore (GAUTIER-HION, 1984; GAUTIER-HION et al., 1985).

Dipterocarps form an even higher proportion of the canopy in Borneo than in Su-
matra, Borneo or Java (WHITMORE, 1975, especially pp.182-185). The fact that
hosei, sabana, and canicrus occur sympatrically with rubicunda, and partly with
frontata and chrysomelas, and rubicunda is sympatric with each of the others, sug-
gests that there are three ecologically distinct groups. MITCHELL (1994) suggested
that where hosei (that is, the species from the P. hosei group) is sympatric with
rubicunda, the former may be found more often in the upper canopy and emergents
of a forest while rubicunda is more often found lower down. P. hosei is primarily
folivorous (MITCHELL, 1994; RODMAN, 1978), whereas rubicunda is mixed gra-
nivorous, frugivorous, and folivorous (DAVIES, 1984), or even mostly seed or fruit
eating (van SCHAIK et al., 1992). Such considerable ecological differences indicate
that the species are also genetically rather distinct, an assumption which is sup-
ported by ZAIN’s (2001) data. We therefore hypothesize that the poorer soils of Bor-
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neo have permitted colobines to specialize in narrow feeding niches, where they ex-
perience limited competition from their closest relatives. On Sumatra, on the other
hand, there is ecological scope for only a single folivore-granivore specialist, there is
considerable competition for the same resources, and species tend to remain allo-
patric. Clearly, this hypothesis requires further testing.

Further, unusual distribution patterns that require an explanation are found in
Sumatra. Firstly, it is remarkable that Presbytis is absent from Bangka and Beli-
tung, and the south-east coast of Sumatra, although a large number of other tropical
forest species occur in these areas. MEIJAARD (2003b) found evidence that, during
the LGM, several areas in Sundaland were too dry to retain a closed forest cover (see
Figure 8). Although EM found no such evidence for the Bangka, Belitung, and
south-east Sumatra areas, others (e.g., HEANEY, 1991, see Figure 8) have included
these areas in the dry zone. This could explain why Presbytis species did not occur in
these 3 areas during the LGM, and we hypothesize that they did not manage to re-in-
vade after climatic conditions improved.
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Fig. 8: Land distribution during the Last Glacial Maximum, including wet and dry
zones (after MEIJAARD, 2003b).



Figure 8 also provides an explanation for the curious distribution patterns of P. f.
percura, P. s. paenulata, and P. s. cana (see Figure 1). Because of the existence of
drier vegetation types during the LGM that were unsuitable for Presbytis, species
would have retreated into wet forest refugia. Figure 8 shows that such refugia ex-
isted near the mouth of the Molengraaff River (hereafter named Bunguran refu-
gium) and on the west side of the mountains of Malaya (west Malay refugium).
MEIJAARD’s hypothesis is supported by CRANBROOK (2000), who stated that "the
faunal list from 40+ Kyr in Sarawak does not support BRANDON-JONES’s (1998)
postulate that, from 80 Ka, conditions of cold and aridity eliminated forest habitat
suitable for leaf monkeys and orangutans". CRANBROOK does, however, suggest
that, during the LGM, lower montane forest could have vegetated the entire present
lowland area of Borneo, as indicated by the fossil finds at sea-level of montane mam-
mals such as Lesser Gymnure (Hylomys suillus) and Ferret Badger (Melogale perso-
nata). If such temperature sensitivity is a key factor, then for long periods during the
LGM, the rich flora of the lowland mixed dipterocarp forest formations must have
been confined to extreme lowland elevations, perhaps in river valley refugia or on
the maritime periphery. On good soils, forest patches could have attained high stat-
ure. There must have been a variety of evergreen trees, with a sufficiently extended
fruiting season, to support large frugivore primates (orang-utan), as well as a peren-
nial leaf cover to feed the folivorous leaf monkeys.

If we assume that femoralis retreated to the Bunguran refugium, and siamensis
to the west Malay one, then after the climatic amelioration, when sea-levels started
to rise, femoralis could have migrated west following the courses of the main rivers,
which would have led them northwest towards central Malaya and southern Thai-
land, and west-southwest towards their present-day Sumatran ranges. P. siamensis,
on the other hand, could have stayed in the west Malay refugium, but presumably
found an opportunity to reach eastern Sumatra, directly opposite its Malayan range.
P. femoralis, on its return to Sumatra, drove a wedge in the siamensis population.
ZAIN’s (2001) data show that this may not be the full story, as he found that P.
femoralis femoralis and P. f. robinsoni diverged during the Middle Pleistocene, ca.
750 Kyr before the LGM, while also suggesting that femoralis is not monophyletic
relative to melalophos and siamensis. This could mean that P. f. robinsoni, from the
northern Malay Peninsula, is specifically distinct from P. femoralis femoralis and P.
f. percura. Further taxonomic and phylogenetic work is needed before we can really
test the above hypothesis.

For P. chrysomelas, a similar scenario can be developed, with the species retreat-
ing towards the Bunguran refugium during the LGM (note that there are no
pre-Holocene fossils of this species on mainland Borneo), after which it reinvaded
Borneo from the west. P. chrysomelas largely displaces both frontata and rubicunda
in the lowlands of Sarawak (BANKS, 1931; NIJMAN and MEIJAARD, in prepara-
tion), whereas in east Borneo, where chrysomelas is absent, frontata and rubicunda
are found at low elevations. This suggests that chrysomelas occupied the exposed
Sunda Shelf during the LGM, and when sea-levels started to rise it moved into west-
ern Borneo, thereby displacing frontata and rubicunda, especially in swamp areas.
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Conclusion
In this paper we have attempted to merge information from a variety of sources,

including genetics, morphological studies, and palaeoenvironmental reconstruc-
tions, to improve our understanding of the evolution of Presbytis leaf monkeys in the
Sundaic Region. We think that our model is in general agreement with the existing
data, although many hiatuses remain in our knowledge. Further work is needed on
the phylogeny of the genus, especially addressing potenziani, frontata, the hosei-
group, and chrysomelas, while also more research is needed to provide more accurate
palaeoenvironmental maps.
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BOOK REVIEW: CONCEPTUALIZING THE CAUSES OF DISPERSAL. BERN-
STEIN, I.S.

CLOBERT, J., DHONDT, A.A., DANCHIN, E. and NICHOLS, J.D. (eds.): Dispersal.
Oxford: Oxford University Press (2001). 452 pp., $50.00.

Although most animals have a "home range", the area in which they are almost
always found, there are individuals that leave their home ranges and establish new
home ranges at one or more times in their lifetime. Sometimes this dispersal is lim-
ited to one sex, and sometimes is more common at certain ages, or occurs at particu-
lar times of the year, or is more likely under particular conditions. What are the spe-
cific factors that influence which individuals will disperse and when (proximal
causes)? What ontogenetic factors are responsible for the timing of dispersal in an
individual’s lifetime? What are the functional consequences of such dispersal? What
evolutionary selective pressures would have favored the patterns of dispersal that
we see?

In searching for functions, there is often a desire to identify a single function, but
in the Preface to the book under review, Waser warns that dispersal may not be a
unitary phenomenon. The introduction also asks if there are multiple causes behind
dispersal, migration, natal dispersal, and breeding dispersal, with regard to proxi-
mal mechanisms, function, and evolutionary mechanisms. The 25 chapters that fol-
low, divided into 5 parts, deal with problems of data collection, modeling, interpreta-
tion, etc. Some are concerned with the problems of empirical data collection under
field conditions; others try to obtain knowledge by logic and reason. The Rationalist
approach may use elegant reasoning but is limited by the truth and adequacy of the
original assumptions. Validation is attempted by trying to match the model with
data from known populations. This process essentially entails looking for data to
support, rather than to test, a position, and the authors acknowledge that different
biological groups seem to support different models. Perhaps in trying to understand
dispersal in seeds, bacteria, and animals they have conceived the problem too
broadly to come up with unitary answers? Some of the mathematical models left me
with a great sense of satisfaction, after I successfully followed them. Word models
can be exquisite in their presentations, but the authors warn us that: "…argument
usually remains purely verbal". (PERRIN and GOUDET, p.123), "…theory in this
area is essentially uncoupled from empirical research…" (HANSKI, p.285), and
"…the current routine use of genetic methods to ‘estimate dispersal’ still has weak
theoretical foundations and few demonstrated successes" (ROUSSET, p.19).

It would be easy to complain that the models are simplistic, that you cannot de-
duce what is not already in the assumptions, etc.; but, the authors are well aware of
the shortcomings and use models, in part, because there are few empirical options.
There are some beautiful natural histories of particular species, some represented
by chapters in this book, but the goal is to develop a universal model to explain dis-
persal. In my opinion, the data seem too disparate to successfully achieve this enter-
prise. There are far too many variables, which could influence dispersal, to generate
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a simple model. Given enough unmeasured independent variables, one can account
for any specific value of the dependent variable (dispersal). Hanski makes it quite
clear that the assumptions of most models are rarely met in nature.

Primate groups do move in space over time, and there is movement of individuals
between groups. Such movement surely has the potential to influence genetic ex-
change patterns and diversity, distribution, conservation, evolutionary processes in-
volving cooperation and competition, and functional outcomes like "altruism". Pri-
matologists know about some of the variation among living forms and among indi-
viduals in a population. We try to correlate such data with sex, age, ecology, individ-
ual condition, etc. Although we have some understanding of exchange patterns in
some groups, we are far from inducing a general predictive theory. This book repre-
sents the state-of-the-art in knowledge of dispersal as a general phenomenon. The
general theory can explain some specific instances but cannot yet make specific pre-
dictions about a new population.

I enjoyed thinking about the topics and arguments presented in this book, but I
found little that helped me to better understand the animals that I know. Some of
the authors cite unpublished manuscripts, some critique WEB sites that only the ex-
perts in the field will be familiar with, and some even cite e-mail addresses as their
sources. This suggests a small, tight-knit community of scholars talking among
themselves and essentially excludes "outsiders". An outsider like myself may enjoy
the intellectual stimulation, recognize the insights and wisdom of the authors, and
feel virtuous about having studied something from new perspectives, but I doubt
that I will be looking things up in this book, asking students to read portions of it to
better understand primates, or that I will long keep it on my bookshelf. It may be a
wonderful compilation for people in this specialty area but of little value for an out-
sider in another specialty area, Primatology. I do know a few of the authors, but my
interest in their work is peripheral to my interest in Primates. I did not find their
chapters central to my interests, but I am sure that they would not find my publica-
tions central to their interests either.
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BOOK REVIEW: MONKEYS, MOVEMENT, AND MATH: CAN QUANTITATIVE
MODELS HELP OUR UNDERSTANDING OF PRIMATE DISPERSAL PAT-
TERNS? SHULTZ, S.

TURCHIN, P.: Quantitative Analysis of Movement: Measuring and Modelling Popu-
lation Redistribution in Plants and Animals. Sunderland: Sinauer (1998). 406 pp.,
$47.95.

Quantitative Analysis of Movement was written as a handbook and reference tool
for those interested in applying models to animal movement. In an effort to close the
gap between mathematical and field ecology, Turchin advocates the use of simple
models that provide useful predictions, which, in turn, can be tested using data col-
lected from natural populations. As dispersal focuses on changes in spatial distribu-
tion over time, the diffusion equation, and variants thereof, serves as the basis for
most of the models presented. The book also gives considerable attention to individ-
ual-based models and how to scale up from patterns of movement of dispersing indi-
viduals to overall population-level trends. The obvious subjects for the majority of
the models are invertebrates, for whose taxa large numbers of individuals can be
trapped and marked, allowing good estimates of the distributions of dispersal dis-
tances. There are, however, several sections specifically devoted to the problems of
analysing vertebrate dispersal. Some of the more simplistic approaches (e.g., corri-
dor use in dispersal) focus more on using qualitative data patterns to describe dis-
persal patterns. The quantitative models of vertebrate dispersal limit themselves to
questions that can be addressed using fairly crude data, such as the distribution of
individuals over space and the dispersal trajectories used by individuals searching
for available territories.

There are two primary obstacles for the application of these models by prima-
tologists. The first lies in the level of math necessary to work through the equations
and understand their mechanics. The preface indicates that a basic knowledge of
calculus and differential equations is sufficient to work through the models. I am, by
no means, a mathematician by training but have taken calculus and theoretical ecol-
ogy undergraduate and postgraduate courses. I personally found the models pre-
sented in the book difficult, although not impossible, and found it necessary to spend
a considerable amount of time to sort out the different model parameters and how
they were to predict changes in individual- or population-level spatial distributions.
The author provides an appendix that works through the derivation of the diffusion
equation; yet, even by referring to this, I often could not manage to work out the pro-
gression from one model to the next. In many cases it may be unnecessary to under-
stand the intricacies of each model as long as the assumptions are clear and one un-
derstands the terms involved. However, it remains still unsettling to take models on
faith without grasping how they work or were derived.

The second major problem is the resolution of dispersal data available to most
primatologists. Dispersal, by definition, concentrates on rates of expansion and spa-
tial changes in occupancy. Because the diffusion equation is the principle model, it is
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necessary to have data about changes in area and direction over a set period of time.
Most primate populations that have been studied occur in relatively stable habitats,
and questions about dispersal are generally focused on how individuals redistribute
themselves rather than upon how the spatial distribution of a given population
changes. Generally, information on primate dispersal is limited to known individu-
als leaving or new individuals arriving into focal study groups. Although these re-
search conditions allow a calculation of dispersal rates, they generally do not permit
the collection of a sufficient amount of data on spatial redistribution of individuals
nor on the dispersal paths of individuals that have left the group.

The book does highlight a few issues relevant to primatology that have received
little attention. One potential area of interest is how individuals select or choose new
home ranges and/or groups when they disperse. Multiple null models are presented
in the book discussing dispersal trajectories as well as how aggregation and attrac-
tion of individuals can affect dispersal patterns. Interesting questions could poten-
tially be asked about how dispersing individuals assess potential groups based on
their group size and habitat quality. Results from studies addressing these ques-
tions might be compared with results against different search models, and predic-
tions could be derived from ideal free distribution or optimal group size models. This
necessitates, of course, sufficient field observations to compare dispersal rates into
and away from groups of different sizes. This may not be completely unfeasible
wherever the demographic make-up of different groups allows us to interpret the
number of recent migrants into or out of groups of different sizes. Additionally, the
increasing prevalence of molecular techniques to assess relatedness can lead to a
better understanding of dispersal patterns and trends. Recent work on genetic
structure of populations (e.g., KAPPELER et al., 2002) may also allow a determina-
tion of mean and maximum dispersal distances if the genetic structure of the popula-
tion is worked out over a large space. Genetic structure of populations has already
been used to understand dispersal behaviour in other taxa (RICHARDSON et al.,
2002). However, these techniques remain costly in both time and resources, and
gathering the minimum amount of data required to test the relevant models will
would necessitate considerable investment.

In sum, although this book presents a wide range of models that can be used by
those studying species that disperse over small spatial scales, for primatologists, I
think there is more utility in using the book to conceptualize ideas about how indi-
viduals move through their environment rather than to provide applicable models.
Hopefully, as primatologists, we can identify those models which do generate predic-
tions testable with our data, or, conversely, discover new techniques to learn more
about the dispersal of individuals over space.
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