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The Relation between Ecology and 
Social Structure in Primates 

J. F. Eisenberg, N. A. Muckenhirn, R. Rudran 

Selected data on primate social sys- 
tems will be discussed and reinterpreted 
in this article, with a view toward 
modifying the existing concepts about 
the adaptive nature of these social sys- 
tems (1-3). In light of recent data, 
we limit the concept of the multi-male 
troop (2) and call attention to the re- 
productive group as an organic unit 
that shows stages of growth and decline 
which may vary under different en- 
vironmental circumstances. To this 
end, we introduce a new category of 
social structure for the primates•the 
age-graded-male troop. Before proceed- 
ing with the definitions and discussions, 
we must put the data into a historical 
framework. 

The Existence of "Species Typical" 

Social Organization 

The cornerstones of Carpenter's 
theories of primate social structure (4) 
can be summarized as follows: (i) pri- 
mate troops tend to have more or less 
exclusive home ranges (5); (ii) the 
average size of a troop tends to be typi- 
cal for a given species (the term "apo- 
blastosis" defines the process whereby 
primate troops divide to restore a spe- 
cies-specific balance in numbers); and 
(iii) the composition of the troop, with 
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respect to the proportions of sex and age 
classes, tends to 'be relatively invariant, 
regardless of troop size. The ratio of 
males to females was termed the "socio- 
nomic sex ratio." This ratio tended to 
be species-specific, and, for most spe- 
cies, there were more adult females than 
adult males in a given troop. Two 
corollaries followed: first, there was a 
strong polygynous trend in most pri- 
mate species; second, extra adult males 
were excluded from the troop by some 
process, to dwell either in a peripheral 
subgroup of their own or as solitary in- 
dividuals. 

In line with Carpenter's generaliza- 
tions and some early theories of social 
evolution, most field workers believed 
that the behavioral attributes of a spe- 
cies were relatively constant and re- 
ñected species-specific adaptations. It 
was assumed that social structures re- 
sulting from the defined patterns of in- 
teraction of a given species would 
manifest themselves as rather predict- 
able entities (/, 2). This assumption 
still has heuristic value, but the task 
is much more complex, since, for most 
primate species, social structure varies 
with habitat. This has been amply 
demonstrated for the olive baboon, 
Papio anubis (6, 7), the gray langur, 
Presbytis entellus (8-10), and the ver- 
vet monkey, Cercopithecus aethiops (11, 
12). On the other hand, some species 
appear to have a standardized form of 
social organization•for example, the 
lar gibbon, Hylobates lar (13, 14), and 
the hamadryas baboon, Papio hama- 
dryas  (15,  16). 

The causes of intraspecific variation 
in social structures are related, in part, 
to difl'erences in habitat (especially fac- 
tors of food availaibility and prédation), 
as well as to differences intrinsic to the 
troop itself (3); however, once the range 
in the variation of troop structure is 
described, a "modal" social organiza- 
tion for a given species can often be 
discerned, thus facilitating comparisons 
with other species. It would appear that 
one generalization is possible: those 
species that exhibit a wide range of 
adaptation to differing habitats often 
show an equally wide range in social 
structure [for example, Papio anubis 
(6) and Presbytis entellus (9)]. On the 
other hand, species that show a uniform 
adaptation to specific kinds of habitats 
often show a corresponding uniformity 
in their grouping tendencies (1). In 
fact, when a group of allopatric species 
shares the same relatively narrow range 
of adaptation, then this group begins to 
exhibit a predictable "adaptive syn- 
drome" with respect to feeding, anti- 
predator behavior, spacing mechanisms, 
and social structure. Examples from 
two separate "syndromes" are (i) the 
arboreal, leaf-eating monkeys of Africa 
and Asia [Presbytis cristatus (17), 
Presbytis jofini (18), Presbytis senex 
(19), and Colobus guereza (20)] and 
(ii) the slow-moving, insectivorous 
lorisoids of Africa and Asia [Arctoce- 
bus, Perodicticus, Nycticebus, and Loris 
(21-23)1 

Grades of Social Structure• 

A Reassessment 

It has not been uncommon to find 
primate societies classified into grades 
based on supposed increases in social 
complexity. The implicit suggestion was 
that higher grades were achieved 
through evolutionary stages, but it was 
well recognized that, within and among 
each major primate taxon, considerable 
parallel evolution had occurred (1, 2). 
Even within the morphologically con- 
servative Prosimii, social organizations 
equal   in  complexity  to  those  of  the 
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Cebidae    and    Cercopithecidae    were 
formed {24, 25). 

The so-called solitary4iving species 
are characterized by a minimum amount, 
of direct social Interaction with con- 
specifics of either sex In the same age 
class. Typically, the "mother family" 
(that Is, an adult female and her de- 
pendent offspring) forms the only co- 
hesive social unit that Indulges In dally. 
Intimate Interaction. Nevertheless, soli- 
tary species, whether primates, carni- 
vores, or rodents, have a social life 
(26), and Indirect communication Is 
maintained among adults that have 
neighboring or overlapping home ranges. 
The communication channels of soli- 
tary species are characterized by olfac- 
tory and auditory modalities which 
maintain spacing except at mating times 
(1, 22). The terms "solitary," "asocial," 
and "dispersed" have been objected to 
(27) because they obscure the fact that 
a given pair of adults and their sub- 
adult descendents can share a home 
range completely or partially, even 
though they do not indulge either in 
communal nesting or regular physical 
contact. In addition, when there are 
overlapping home ranges, the same 
adult pair can reproduce in subsequent 
years; thus, although individuals are 
dispersed, a family structure and rela- 
tively closed breeding unit (28) are 
maintained. For example, in Microce- 
bus murinus and Galago demidovii 
(29), the home ranges of adult females 
may overlap considerably. A reproduc- 
tive male's home range Includes the 
home ranges of from one to six females 
and their juvenile offspring, while extra 
males live on the periphery of the domi- 
nant male's home range, either as soli- 
tary individuals or as a noncohesive 
bachelor group. The spatial distribution 
of the adults (29) Implies a polygynous 
breeding system (see Fig. 1). Other 
nocturnal prosimians appear to exhibit 
a similar spacing system•for example, 
Cheirogaleus major, Daubentonia mada- 
gascarensls, Loris tardigradus, Perodic- 
ticus potto, and Lepilemur mustelinus 
(22-24, 30)   (see Table 1). 

The parental family structure is 
characterized in its extreme form by 
a bonded pair of adults and their im- 
mature descendents. This bonded state 
occurs rarely within the order Pri- 
mates [assuming the term "bond" in- 
cludes only social relationships between 
specific individuals based on the per- 
formance of mutually reinforcing activ- 
ities, in addition to mating behaviors 
(31)\. It follows then that grooming, 
huddling, and other nonsexual behavior 
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engaged in on a daily toasis by two in- 
dividuals of the opposite sex defines 
the pair bond. 

Marmosets of the genera Saguinus, 
Cebuella, and Callithrix are examples 
of the bonded parental family {32, 33). 
These marmosets exhibit a unique form 
of parental care, in that the male partic- 
ipates to an extent unparalleled by the 
other families of Primates (i, 32). The 
male marmoset typically transports the 
young from the time they are born, 
transferring them to the female only 
for nursing {33). 

The gibbons, Hylobates and Sympha- 
langus {13, 14, 34), as well as some 
species of the family Cebidae [notably 
the Titi monkey, Callicebus moloch 
(55)], show grouping tendencies simi- 
lar to those of the marmosets in that a 
single adult pair and their dependent 
offspring occupy a given home range, 
but the male's participation in the 
care of the young is limited. For ex- 
ample, Callicebus and Aotus males (36) 
transport the young to a certain extent 
and thus appear to be somewhat closer 
to the marmoset pattern {33), while 
gibbons and Indri males participate lit- 
tle in the rearing of infants. Thus, at 
least two subvariants of the parental 
spacing system must foe designated: (i) 
mutual participation by the male and 
female in the rearing of offspring and 
(ii) limited or no direct participation 
by the male in the rearing of depend- 
ent young (see Table 1). 

Parental groups have probably 
evolved by at least two different path- 
ways (Fig. 1). The parental group, a 
more cohesive form of primate social 
structure, can easily be derived, in a 
phylogenetic sense, from the more dis- 
persed systems of some of the prosim- 
ians, for example, Galago demidovii or 
Microcebus murinus (29). 

If only adult female primates were 
to form affiliations, an extended mother 
family would exist, given that the ex- 
clusion of excess adult males takes 
place through the aggressive action of 
the parental adult male. If the parental 
male were closely bonded to the ex- 
tended group of mothers and daughters, 
the result would be a typical uni-male 
group (Fig. 1). Extra-group males 
would exist on the periphery of the 
reproductive units. Recent research on 
terrestrial African primates (the Patas 
monkey, Erythrocebus patas; Papio 
hamadryas; and the Gelada baboon, 
Theropithecus gelada) has indicated the 
existence of troops composed of sev- 
eral females, their dependent offspring, 
and  one  sexually  mature,  adult  male 

{16, 37, 38). In such species, troops 
can also contain a few maturing males 
as a normal transitional stage in the 
life cycle of the troop; however, the 
young males generally leave the pa- 
rental troops as subadults and join 
bachelor bands. 

The uni-male troop is more complex 
in its structure than is the parental 
group because there is an increased rep- 
resentation of sex and age classes in 
the troop. Adult females must be toler- 
ant of one another and have affiliation 
mechanisms to promote cohesiveness 
(39). The behavior of the adult male 
toward females can also contribute 
significantly to cohesiveness, since he 
may "discipline" the females that stray 
from his group, thereby keeping the 
group intact [for example, Papio hama- 
dryas {16, 40)}. Such herding behavior 
by the adult male is not typical of all 
species with a uni-male configuration; 
it has not been reported for Cercopithe- 
cus campbelli {41), for example. New 
uni-male troops can be formed in Papio 

hamadryas when a solitary younger 
male is able to "capture" a subadult 
female from a structured breeding unit. 
Other variations on this theme are dis- 
cussed by Kummer {16). 

One of the more intriguing aspects 
observed in some primate societies was 
that several adult males could and did 
associate continuously with adult 
females and young. Because of the 
contrast with other mammalian taxa 
that have complex social structures in 
which males are not permanent mem- 
bers of the group, the "multi-male 
group" came to be thought of as an ad- 
vanced and almost unique characteristic 
of higher primates {1, 2, 4). While some 
species do have a multi-male troop, it 
is obvious that the concept has been 
applied too broadly {42). An inter- 
mediate form of social organization, 
between the uni-male and the multi- 
male structures, should be recognized. 
This may be termed the age-graded- 
male troop. Although several males of 
varying  ages  coexist  in  such   troops. 

Fig. 1. Space utilization patterns for selected mammals with hypothetical evolutionary 
pathways. (I) Solitary pattern: adult males and females have separate centers of activity 
and encounter infrequently. The extended ranges of the males overlap with the home 
ranges of the females. Only polygynous patterns are presented; Microcebus murinus {29). 
(II) Family group: a bonded pair and their subadult offspring travel as a homogeneous 
unit in an exclusive home range; Saguinus oedipus {32). (Ill) Uni-male group (extended 
mother family): an adult male is in periodic contact with a cohesive group of adult 
females and their progeny; Áteles geoßroyi (46). (IV) Uni-male group: an adult male 
is in relatively constant contact with a cohesive group of adult females and their progeny; 
Papio hamadryas (16). (V) Multi-male group: a cohesive group of several adult males 
and females with their progeny; Papio anubis (49). Hypothetical phylogenetic steps in 
the formation of mobile, cohesive groupings are indicated by arrows. Routes A, B', and 
C or A', B, and C are the most probable steps in the formation of cohesive, multi-male 
groups (/). The arrows formed from dashed lines are less probable evolutionary path- 
ways (/). For simplicity, the symbols J (juveniles) and Sa (subadult) have been included 
only occasionally to indicate the presence of immature animals. 
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there are proportionately fewer males 
in these troops than there are in true 
multi-male troops (whose sex ratio may 
approach 1:1) (6). The linear male 
dominance order is based on the age 
of the males, with no definable subunit 
of several males in the oldest age 
bracket. The lack or absence of fully 
adult males of equivalent age is the 
characteristic that defines an age- 
graded-male troop [for example, troops 
of Mandrillus leucocephalus, Presbytis 
entellus, and Áteles geoffroyi {43-47) 
(see Table 1)]. 

The age-graded-male troop may be 
considered a phylogenetic step toward 
the true multi-male configuration (see 
Fig. 1), with the former having an 
intermediate level of male tolerance that 
allows several young males to mature 
longer within the troop of their birth 
than do young males in uni-male troops. 
Nevertheless, a fundamental tendency 
toward polygyny and the possibility of 
the troop's splitting and returning to a 
uni-male condition remain. Thus, the 
age-graded-male troop is a variation on 
the uni-male theme (see Fig. 2). What 
appears to distinguish species with an 
age-graded-male troop from species 
with a strong uni-male tendency is (i) 
the adult "leader" male exhibits a 
wider range of tolerance of young males 
near his own age and (ii) part of the 
tolerance shown by the dominant male 
appears  to  derive from  the fact that 

these species generally have larger 
troops. In addition, the larger troops 
have larger home ranges and therefore 
more possibilities for dispersing into 
subgroups while foraging. This very 
tendency toward fractionation can gen- 
erate new troops by apoblastosis (4). 

Members of the genus Papio, partic- 
ularly the species ursinus, anubis, and 
cynocephalus, are adapted to savannas 
and forage a great deal on the ground, 
although they retire to rocky places or 
trees for sleeping at night {48, 49). 
These species exhibit classic multi-male 
groups [as do, with some limitations, 
the semiterrestrial macaques, includ- 
ing Macaca mulatto, M. fuscata, and 
M. speciosa (.50-52)]; however, to 
classify other primate species that have 
more than one male in the troop as 
multi-male and then to rank these 
species within the same grade of social 
structure as these terrestrial macaques 
and baboons is to oversimplify matters. 

The multi-male troop is characterized 
by an oligarchy of adult males that 
are roughly equivalent in age {49). 
These males show affiliation behaviors, 
and, although they may be ranked in a 
dominance order, the ranking is not 
pronounced within the oligarchic sub- 
group. Cooperation exists among the 
superdominant males (39), and they 
actively oppose and dominate younger 
males in the subadult age class {49). 
Species exhibiting a multi-male config- 
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Fig. 2. Hypothetical diagram of troop growth for arboreal primates. The assumption 
is that a uni-male tendency is the most typical configuration at moderate population 
densities. Given a founder situation at the left, consider an adult male attached to a 
cohesive unit of two adult females and their young. The troop grows by recruitment, 
yielding a subgroup of juveniles and a beta male that is subdominant to the alpha 
male or father. The two older males form a subgroup in their own right. At greater 
densities, younger males may form a peripheral subgroup of their own that has no 
direct contact with the basic subgroup of mothers and their young. The subgroup of 
adult males may now be augmented slightly to three, with the founding father still 
dominant. Although the troop now appears to be multi-male, it would be more correct 
to consider it an age-graded-male group. Splitting of the new unstable tioop can lead 
to the original uni-male configuration (19, 47, 66). 
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uration do, of course, have within them 
males that may be arranged in an age- 
graded series {53, 54). Furthermore, 
there may be solitary males that live 
independently of the troops and that 
join and leave troops in a semiregular 
pattern (55, 56). 

The multi-male troop was first de- 
fined for Papio anubis, primarily in the 
pioneer studies of Washburn and De 
Vore {48, 49). Baboons were portrayed 
as living in cohesive troops of 30 to 
50 animals; solitary males were not 
described originally {48), but were 
subsequently noted for Papio cyno- 
cephalus {56). The multi-male troop 
appeared to serve as an antipredator 
device, since the presence of many 
adult and subadult males permitted col- 
lective attack should the troop be men- 
aced by a terrestrial predator. 

Although the sex ratio at birth is 
almost equal in Papio and Macaca, the 
number of reproducing females for 
each adult male varies from one to 
three. Any difference in the adult sex 
ratio is presumed to result from both 
differential mortality and the differen- 
tial maturation rates of the sexes. The 
adult males are organized in a dom- 
inance hierarchy, and the alpha male 
does most of the breeding during the 
peak of a female's estrous period {49, 
54). 

Recent studies by Rowell (6) and 
Altmann and Altmann {56) indicate 
that in both forest and savanna habitats 
baboons of the genus Papio show nei- 
ther such strong dimorphism in social 
roles nor such a disparity in the male- 
female sex ratio as was originally de- 
scribed {57). In light of more recent 
evidence, we will probably have to 
alter our concept of the baboon so- 
cial life. Nevertheless, the existence of 
several adult males of an equivalent age 
serves to crystallize and define the con- 
cept of the multi-male troop. 

In previous reviews of primate social 
organizations, the uni-male groupings 
characteristic of Erythrocebus patas 
{37), Papio hamadryas, and Theropithe- 
cus gelada {16, 38), all three of which 
are adapted to arid cHmates, were con- 
sidered specialized offshoots of the 
multi-male grouping that supposedly 
characterized most advanced primates 
(2, 3). This tendency to characterize 
most primate species by a multi-male 
social structure and to set aside those 
species exhibiting uni-male groups as 
cases of adaptation to extreme environ- 
ments was motivated, in part, by a 
desire to emphasize the uniqueness of 
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primate societies when contrasted with 
the social groupings of other mammals. 

The preoccupation with the concept 
of the multi-male organization was un- 
fortunate for at least two reasons: (i) 
male-male tolerance mechanisms were 
studied to the virtual exclusion of the 
equally complex spacing and affiliation 
mechanisms exhibited by females [as 
an example of such exclusive attention 
see (5S)], and (ii) differences in the 
roles of males among the various spe- 
cies exhibiting so-called multi-male sys- 
tems were masked by lumping a broad 
range of species-typical social organi- 
zations under the term "multi-male 
groups." In support of this last state- 
ment, it should be pointed out that the 
multi-male troops of the lemurid pri- 
mates, such as Lemur catta and Pro- 
pithecus verreauxi {25, 59), are orga- 
nized around a female matriarchy that 
differs markedly in discrete social con- 
trol mechanisms from the multi-male 
troops of the savanna baboons, Papio 
anubis, P. ursinas, and P. cynocephalus 
(56, 57). 

The preoccupation with the "unique," 
the desire to relate primate behavior 
to human behavior, and the lack of 
sound ecological studies are hindrances 
at this stage of our understanding. 
What is needed more than ever is a 
clear appraisal of primate species as 
mammals exploiting an ecosystem and 
subject to ecological pressures similar 
to those acting on other mammalian 
species (3). 

We propose that not only terrestrial 
primate species adapted to arid climates 
but also most primate species adapted 
to forests are characterized by either 
uni-male troops or age-graded-male 
troops. The true multi-male system is a 
less frequently evolved specialization, 
and the term "multi-male" should be 
restricted to those species having large 
troops that include several functionally 
reproductive adult males, as well as 
nonreproductive males of different ages. 

Regulation of Troop Size 

One of the key problems in describ- 
ing a multi-male troop involves the def- 
inition of an adult male. In censusing 
primate troops, most workers use the 
category "adult male" for males that 
are sexually mature; however, it is well 
known that the age of sustained sperma- 
togenesis does not necessarily correlate 
with th ; age of "social" maturity. In 
most  medium-sized   primates,   a  male 

Table 2. Comparison of the populations of Presbytis senex found at Polonnaruwa and Horten 
Plains (19). (Population densities are minimum estimates that may show higher levels in more 
restricted sample areas.) 

Presbytis senex Polon- 
naruwa 

Horten 
Plains 

Number of troops studied 
Total population studied 
Population density (per square kilometer) 
Percent of adults  in population 
Percent of subadults and juveniles in population 
Percent of adult males in adult population 
Percent of adult females in adult population 
Ratios of adult males to adult females in 

total population 
Average number of animals in uni-male troops 
Average number of animals in predominantly male troops 
Ratio of adult males to adult females in uni-male troops 
Number of infant deaths* 

33.0 27.0 
278.0 229.0 
215 92.6 

63.8 51.3 
14.1 30.7 
28.2 36.7 
71.8 63.3 

1 :2.5 1 :1.7 
8.4 8.9 
7.5 7.5 

1 :4.1 1 : 3.3 
19.0 2.0 

* Based  on   one  complete   reproductive  period. 

that has become sexually mature at 3 
to 5 years of age may not be sociologi- 
cally mature or physically dominant 
until 8 or 9 years of age•yet all of 
these males are lumped together as 
adults. A similar social maturation se- 
quence has ibeen described in elephants, 
for which the problems of age-class def- 
inition are comparable to those encoun- 
tered in primates (60, 61). 

Long-term studies of Macaca fuscata 
and M. mulatta show how roles are 
established and maintained and how 
males succeed to leadership (54, 62•64). 
The rank of young males in later life 
is, in part, dependent on the status of 
their mothers (63). Fractionation of a 
large troop to form two new troops 
may be accompanied by the deposition 
of an old leader, thî assumption of 
leadership by a solitary male, or the 
succession to leadership of second- or 
third-ranking males upon the removal 
or loss of an old leader (62, 64). With- 
out recounting the extensive research on 
this, we wish to make the point that the 
processes of splitting do not necessarily 
involve extensive mortality in the infant 
and juvenile age classes. Furthermore, 
the new troops thus generated are not 
essentially uni-male in structure. 

Figure 2 shows the hypothetical 
growth of a primate troop from a 
founder situation to eventual instability 
and breakup because of internal re- 
cruitment and crowding that resulted 
from close neighbors. More data are 
needed on the natural genesis of troops, 
since we believe that there is a strong 
tendency toward a polygynous, uni- 
male reproductive unit for most species 
of forest-dwelling primates in the New 
World and Old World (65). 

The case of a Mona monkey, Cerco- 

pithecus campbelli lowei (66), troop 
parallels the diagram in Fig. 2. From 
1964 to 1968, the troop increased in size 
because of births to the founder adult 
male and four adult females. In the 
years 1968 to 1970, the number of 
births was curtailed and four young 
adult males from 3 to 4 years of age 
emigrated. During this transition pe- 
riod, the tendency toward a uni-male 
structure was masked and the troop 
might have been called multi-male. 

Áteles geoffroyi and A. belzebuth 
maintain an age-graded-male troop (46, 
47, 67). In contrast to Cercopithecus 
campbelli lowei, adult male spider mon- 
keys are not in continuous association 
with adult females and young. Instead, 
an Áteles "group" is composed of units 
that contain one or more females and 
their dependent young and that forage 
independently in a common home 
range. The adult male will accompany 
the female units when females are in 
estrus and when there exist special posi- 
tive, dyadic relationships between in- 
dividuals. The age structure of the 
males, based on birth intervals, lends 
itself to the formation of an alpha- 
beta-gamma dominance hierarchy. 
Among subadult males, mutual support 
may be shown during offensive and 
defensive behavior toward potential 
predators and intruders, but with in- 
creasing age some young males become 
peripheral. 

The range of social organization en- 
countered in Áteles geoffroyi in either 
space or time is given in Fig. 2. At one 
extreme is the founder situation, or so- 
called uni-male group. The social or- 
ganization of this species is generally 
several females and a semidetached 
male group that is, in essence, an age- 
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Fig. 3. Ecological equivalence for selected primate species. Horizontal scaling: ///, 
insectivore-frugivore; /, frugivore; F/j, folivore-frugivore; F, folivore. Since the feeding 
categories are not absolute, only relative trophic preferences are indicated. The midpoint 
of the name should lie at the modal feeding classification. Vertical scaling: relative 
feeding height is illustrated by the position of the name. Lowest position: semiterrestrial; 
middle position: arboreal, second growth; highest position: upper canopy feeder. 
Names in parentheses indicate a rhythm of nocturnal activity. The upper series are all 
medium to large primates (adult weight, greater than 5 kilograms); the lower series 
are all small primates generally (adult weight, less than 2 kilograms). 

graded group, since there is a male 
hierarchy ¡based on age and most of 
the mating during a peak of a given 
female's estrus is probably accomplished 
by the older, dominant male. With den- 
ser populations, there are larger groups 
of females and more peripheral males, 
and there may be fighting among males 
when associated with female groups 
(65). 

The genesis of two new troops from 
a single large troop in those species ex- 
hibiting the age-graded-male system can 
occur without a take-over of leadership 
or fighting among males. For example, 
division of a large Presbytis entellus 
troop consisting of approximately 30 in- 
dividuals would ibegin by a departure 
from the sleeping tree and a fractiona- 
tion into two foraging subgroups, each 
subgroup being under the leadership of 
a difl'erent male. The largest subgroup 
of females would follow the dominant 
male, the second subgroup following a 
subdominant male. At the conclusion 
of the day's foraging, the animals would 
return to a common sleeping place. The 
females themselves would exert a pow- 
erful influence on the ultimate composi- 
tion of the subgroups, depending upon 
which male they followed. The second 
stage in troop development would con- 
sist of separate foraging patterns and 
occasional utilization of different sleep- 
ing trees. Eventually, the subgroups 
would be foraging and sleeping inde- 
pendently; thus, two new troops would 
be created. Examples are further am- 
plified for Presbytis entellus by Mucken- 
hirn  (44). 

Long-term population studies on 
Barro Colorado Island permit some gen- 
eralizations concerning the grouping 
tendencies of Alouatta palliata, the howl- 
er monkey (69, 70). Chivers (71) has 
summarized the data for the island 
population and for one troop (the lab- 
oratory group) in particular. Al- 
though this species is often cited as 
exhibiting a multi-male structure, pe- 
ripheral or extra-group males exist and 
uni-imale troops occur frequently. It 
would appear that, at low population 
densities, this species approximates a 
uni-male structure (72), while at higher 
densities a temporary age-graded-male 
structure appears. We must reemphasize 
that, when there exists an age-graded 
series of related maturing males with 
one older, dominant male, then the 
multi-male structure is more apparent 
than real. In fact, in large troops of 
Alouatta palliata with several mature, 
adult males, there appears to be cur- 
tailed reproduction (73). This, then, 
leads us to consider some of the ecolog- 
ical factors that lead to the division of 
troops and what forms of social pathol- 
ogy may result in high-density popula- 
tions. 

Social Pathology and Density 

For many primate species, the condi- 
tions under which splitting and male 
"take-overs" can occur are, in part, 
related to the density of, and degree of 
disturbance in, the population (19). Al- 
ternatively, fractionation of large groups 

can occur under ecological conditions 
(such as dispersed resources) that favor 
the maintenance of small groups and 
that may even approximate the foimder 
situation (12). 

Presbytis senex of Ceylon shows 
some rather instructive trends in popula- 
tion growth and composition when high- 
density populations are compared with 
low-density populations. As Table 2 
indicates, Presbytis iene;c tends to live 
in uni-male reproductive units (19, 74) 
and is found in a wide range of habitat 
types, from a lowland dry zone 
(Polonnaruwa) to a highland wet zone 
(Horton Plains). Extra-troop males 
are organized into groups having an 
average size of 7.5 individuals. In high- 
density populations, the uni-male re- 
productive groups are subject to ha- 
rassment from the peripheral bachelor 
groups, which occasionally results in 
infant mortality and leadership take- 
overs. Infant mortality is reflected, in 
part, by the difl'erent percentages of 
subadults and juveniles in low- and 
high-density populations (see Table 2). 
In Sugiyama and Mohnot's studies in 
India, Presbytis entellus infants were ac- 
tually attacked and killed by invading 
adult males (10, 45). In the Ceylon 
langurs, Rudran did not witness such 
events directly, but infants and juveniles 
were found to be injured or missing 
after a male replacement had occurred. 
This type of male replacement appears 
to occur under conditions of high popu- 
lation density (9) or in marginal habi- 
tats (45); in either case, the altered age 
structure that results from male take- 
overs curtails population growth to 
some   extent. 

The suggestion that the uni-male 
structure is a response to crowding 
stress has been made before (12). The 
tendency for captive primate groups to 
assume a uni-male or "despot" male 
configuration was often assumed to be 
a pathological response; however, we 
believe that, although this uni-male 
condition may manifest itself at crowd- 
ing densities, it is erroneous to think of 
the uni-male structure as being path- 
ological. 

Some Correlations between 

Social Structure and Ecology 

The history of primate evolution has 
been subject to many reviews (75). 
Beginning with an insectivore-like form 
exhibiting certain arboreal adaptations 
with rather enlarged eyes, the primates 
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underwent an extensive radiation 
throughout the Paleocene, giving rise 
to two main branches. One major 
branch differentiated into the present- 
day galagos, lorises, and lemurs, while 
the other differentiated into the Old 
World monkeys, New World monkeys, 
tarsiers, pongids, and hominids. The 
lorises and galagos still persist in Africa 
and South Asia as nocturnal, forest- 
adapted forms. These may be consid- 
ered the most morphologically conserva- 
tive primates, representing most nearly 
Paleocene forms. 

The island of Madagascar served as 
a reservoir for the lemuroid primates, 
and this isolated radiation resulted in 
the occupancy of feeding niches that 
replicate, in part, continental niches 
(76). Deriving from the second major 
radiation, the neotropical monkeys 
(Hapalidae and Cebidae) toegan their 
adaptations in the Oligocène in isola- 
tion from the Old World monkey radi- 
ation. Thus, the Madagascan, neo- 
tropical, and Palaeotropical radiations 
can be compared to elucidate conver- 
gences. 

Judging from the habits of the liv- 
ing primates and the structure of fossil 
forms, the early primates were nocturn- 
al and arboreal and subsisted on an 
omnivorous diet, including fruits, small 
invertebrates, and perhaps small verte- 
brates. The early radiation took place in 
a tropical forest habitat, and, in general, 
present-day primates remain tropical in 
their distribution, with the greatest di- 
versity of species occurring in the rain 
forests of West Africa, Indo-Malaysia, 
South America, and Madagascar. The 
tropical rain forest, then, is the habitat 
in which the most complex problems of 
primate evolution are to 'be found. 
Those primate species that have ex- 
tended their ranges into seasonally arid 
areas cbaracterized toy thorn scrub or 
savanna are often confined to areas 
surrounding riverine forests. 

The forests were retained by pri- 
mates as their primary environment. The 
acquisition of terrestrial habits is recent 
in primate history and occurred in 
some species of the now extinct giant 
lemurs, Arceolemurinae (IT), from 
Madagascar, as well as in the cerco- 
pithecine genera Papio, Mandrillus, Ery- 
throcebus, Theropithecus, Macaca, and 
Cercocebus in the Old World tropics. 
Terrestrial adaptation within the Pongi- 
dae are exemplified by Pan and Gorilla. 
Only in South America has a truly ter- 
restrial form not evolved. 

Figure 3  compares four geographic 
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Fig. 4. Primate biomass comparisons for Ceylon and Panama. To compare the sizes of 
survey areas, the Ceylon study areas are superimposed on an outline map of Barro Colo- 
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1/10 the actual values in kilograms per square kilometer. (Ps, Piesbytis senex; Pe, Pres- 
bytis entellus; M, Macaca sínica; Al, Alouatta palliata; Ce, Cebus capucinus; Br, 
Brady pus infuscatus; Ch, Ciioloepus hoffmani.) 

areas with respect to the kinds of niches 
occupied by their respective primate 
genera. We have classified the genera 
by activity cycle, height of feeding, 
diet, and relative size. Many species 
weighing less than 2 kilograms are noc- 
turnal and show a pronounced tendency 
to feed on high-energy food resources 
such as insects and fruit. All small pri- 
mates are arboreal, and, with the excep- 
tion of the neotropical forms and the 
West African Miopithecus, are derived 
from the morphologically conservative 
lorisoid or lemuroid stocks. The larger 
primate species are almost all diurnal, 
with the exception of the Madagascan 
genus Avahi. Only among the larger 
primate species do we find several 
genera exhibiting semiterrestrial adap- 
tations; these genera include Mandril- 
lus, Papio, Pan, Gorilla, and Macaca. 

The large diurnal primates (the 
Lemuridae, Indriidae, Cebidae, and 
Cercopithecidae) display parallel evolu- 
tion with respect to their feeding strat- 
egies; there have been trends away 
from dependency on energy-rich in- 
vertebrates and fruit toward the more 
readily available cellulose found in 
leaves. Gut modifications associated with 
the change in diet can include a larger 
caecum, as in Alouatta, Indri, Avahi 
(78), and Lepilemur (79), or a cham- 
bered stomach and bacterial symbionts, 
as in Colohus and Preshytis (80). The 
latter modifications are convergent with 
the physiological and morphological 
adaptations evolved by terrestrial ungu- 
lates.   Those primate species that can 

utilize cellulose in leaves are referred 
to as folivores and are distinguished 
from frugivores, which cannot utilize 
cellulose (81). Of course, these basic 
categories do intergrade, since folivores 
may supplement their leaf diet with 
fruit. Conversely, frugivorous species 
may utilize leaves for the simple sugar 
in their parenchyma cells (81). 

Not surprisingly, the arboreal foliv- 
ores are the most numerous of the 
larger forest mammals, sometimes ac- 
counting for 30 to 40 percent of the 
arboreal mammalian biomass (see Figs. 
4 and 5, Tables 3 and 4). Only in the 
Neotropics does the primate biomass 
rank second to that of another arboreal 
mammalian order•the edentate grazer 
of the treetops, represented by the 
three-toed sloth Bradypus (82) (see 
Fig. 4). 

Social Structure of Arboreal Primates 

The smaller, nocturnal, insectivorous 
prosimians of Asia, Africa, and Mada- 
gascar seem to exhibit the same form 
of social organization. They are soli- 
tary or organized into dispersed family 
groups (22-24). In part, their solitary 
habits may result from their being noc- 
turnal, since the coordination of groups 
would be difficult. The solitary state 
may also correlate with their insectivo- 
rous habits, since foraging patterns may 
demand a solitary technique (22). 
Lepilemur is a folivore, however, and 
retains the solitary pattern, which sug- 
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gests that the rhythm of nocturnal ac- 
tivity restricts group formation and co- 
ordination. The neotropical night mon- 
key Aotus is derived from a diurnal 
form, and nocturnality is a secondary 
adaptation. Aotus exhibits a parental 
family structure and is thus partly an 
exception to the rule established for 
the prosimians. This may indicate the 
retention of a phylogenetically old pa- 
rental system that is still compatible 
with the rhythm of nocturnal activity 
{36). 

The small diurnal primates concen- 
trated in the New World {CalUcebus, 
Saguinus, Callithrix, and Saimirí) are 
insectivore-frugivores and exhibit two 
grouping tendencies. CalUcebus, Sagui- 
nus, and Callithrix live in parental 
families, while Saimirí lives in age- 
graded-male troops. The parental struc- 
ture of CalUcebus and Saguinus may be 
the retention of a phylogenetically con- 
servative trait. 

The only small diurnal primate of 
the Old World is Miopithecus talapoin. 
It shows strong convergences in social 
behavior and ecology with Saimirí 
sciureus of the Neotropics (83, 84). 
Both species live in large troops (20 to 
100 individuals) that divide into sub- 
groups based on age and reproductive 
classes (83-85). Although these species 
are superficially multi-male, adult males 
show little affiliation with each other or 
with females except during the breed- 
ing season, and young males may form 
a peripheral group. Furthermore, the 
form of the social structure is influenced 
by the breeding season, which leads to 
dominance among males and the for- 
mation of temporary uni-male breeding 
units (86); hence, the classic multi- 
male structure is not matched. Table 1 
indicates our interpretation of the form 
of social structure for the smaller 
species of primates and the correla- 
tions with their feeding habits. 

Given the two broadly defined feed- 
ing niches, folivores and frugivores, the 

Fig. 5. Adult male Presbytis senex. Dense 
populations of this arboreal folivore are 
found in its habitat on Ceylon. In forested 
areas with sufficient rainfall, this species 
may account for the greatest primate bio- 
mass. 

following generalizations can be made 
about the larger arboreal primates: (i) 
given comparable habitats, the frugiv- 
ores have larger home ranges and 
move more widely during their daily 
activities than do folivores of an equiv- 
alent size class [for example, compare 
Áteles with Alouatta (87), and Pres- 
bytis senex with Macaca sínica (88)\ 
(see Table 3); (ii) both trophic types 
tend toward either a uni-male structure 
or an age-graded-male system (see 
Table 1), with folivores especially tend- 
ing toward a uni-male organization; and 
(iii) many folivores [Colobus, Alouatta, 
and Presbytis {19, 20, 77)], but only 
some of the frugivores [Symphalangus 
and Hylobates {14, 34)}, employ troop 
or individual vocalizations in maintain- 
ing spacing between adjacent troops. 

Comparisons among the African, 
Asian, and South American forest- 
dwelling species show the marked tend- 
encies toward a uni-male reproductive 
unit (see Table 1). In an extensive sur- 

vey, Struhsaker lists almost all species 
of West African rain forest frugivores 
of the genus Cercopithecus as typically 
exhibiting a uni-male reproductive unit 
(65). Cercopithecus mitis, a frugivore 
studied in Uganda (89), and Colobus 
guereza, a folivore (20), show similar 
modes. Examples of uni-male reproduc- 
tive units found among the strongly 
arboreal folivores of Asia include 
Presbytis cristatus, P. johni, and P. senex 
(17-19). Although some troops of P. 
cristautus may, under certain circum- 
stances, contain more than one male 
(90), this reflects an age-graded-male 
system. In Central America, the foliv- 
ore Alouatta may exhibit a uni-male 
system under conditions of low popula- 
tion density, but at high densities sev- 
eral males may be included in an age- 
graded-male troop. The frugivorous, 
white-throated capuchin, Cebus capuci- 
nus, appears to exhibit a uni-male re- 
productive system (91), while Áteles 
geoffroyi tends toward an age-graded- 
male system (92). 

The arboreal folivores may be char- 
acterized by their vocalizations, which 
usually take the form of dawn choruses. 
These announcement calls may also be 
produced at various times during the 
day, since they appear to occur prior 
to progressions and are also triggered 
by exogsnous factors. The role of these 
calls is definitely related to intraspeciflc 
spacing. This function has been demon- 
strated for Colobus (20) and Alouatta 
(71) and is undoubtedly being served 
by the calling of Presbytis (19). The 
frugivorous gibbons and the siamang 
exhibit comparable chorusing behavior 
(14, 93). No investigator has specif- 
ically attempted to correlate possible 
seasonal increases in the frequency of 
chorusing behavior with breeding peaks 
for any of the chorusing species. Mc' 
Clure, however, offers observations on 
Symphalangus syndactylus and Hylo- 
bates lar in Malaysia that suggest such 
a correlation may exist (94). 

Table 3. Some comparisons of home range and group sizes. [Average home range and group size will vary widely from one study area to 
another. We present only species groups from the same areas for the best  relative  comparison.   (B.C.I,   indicates   Barro   Colorado   Island.)] 

Species Locality home range 
(km=) 

Alouatta villosa (71) B.C.I., Panama <0.08 

A teles geoffroyi (46, 87) B.C.I., Panama 0.60 
Cebus capucinus (91) B.C.I., Panama 0.85 
Presbytis senex (19, 74) Ceylon, Polonnaruwa 0.06 
Presbytis entellus (88, 96) Ceylon, Polonnaruwa 0.14 
Macaca sínica (53) Ceylon, Polonnaruwa 0.15 
Presbytis entelhis (44) Ceylon, Wilpattu > 1.00 
Macaca sínica (53) Ceylon, Wilpattu >1.00 

Group size Feeding 
(average) class 

14.6 FoUvore- 
frugivore 

12.0 Frugivore 
15.0 Frugivore 
8.4 Folivore 

~20.0 Folivore 
24.1 Frugivore 

-20.0 Folivore 
20.0 Frugivore 
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Social Structure of Semiterrestrial 

Primates 

In general, semiterrestrial species 
tend to live in variable habitats and are 
frugivores or varied feeders. Presbytis 
entellus and Gorilla gorilla are the only 
folivorous primates that do forage ex- 
tensively on the ground. Semiterrestrial 
species also tend to live in larger 
groups, compared to arboreal forms of 
a similar body size, and tend to form 
age-graded-male troops (see Tables 1 
and 3). 

All but one species of Presbytis and 
of Cercopithecus fit into the two forest 
niches (arboreal folivore and frugiv- 
ore) described above. The exceptions 
are Presbytis entellus, which is terrestri- 
ally adapted and occupies riverine 
forests, seasonally dry forests, and sea- 
sonally arid scrub {8), and Cerco- 
pithecus aethiops, which occupies gal- 
lery forests and savanna areas 'ill). Both 
species show a variable troop structure, 
with Cercopithecus aethiops tending to 
exhibit an age-graded-male to multi- 
male configuration {11, 12), and Pres- 
bytis entellus showing an age-graded- 
male organization in Ceylon and in 
some parts of India. Presbytis entellus, 
however, may also show a strictly uni- 
male pattern when crowded into rem- 
nant patches of roadside forest in India 
(8, 10, 44, 45, 95, 96). 

The tendency toward a larger group 
size and an increased number of males 
in a group is well illustrated in the 
forest-adapted mangabeys {Cercoce- 
bus) when a species that forages on the 
ground (C. torquatus) is compared to 
a conspecific of similar size that Is 
primarily arboreal (C. albigend). The 
more terrestrial C torquatus forms 
larger troops with more than one adult 
male per troop. The sympatric species 
C. albigena forms smaller troops and 
characteristically has a uni-male group 
structure (97); however, Chalmers {98) 
presents data that suggest a multi-male 
group for C. albigena in Uganda. 

The tendency toward larger group 
sizes than those of strictly arboreal 
forms and an accompanying age-graded- 
male structure may also hold for semi- 
terrestrial macaques and Mandrillus. 
Macaca sinica troops, for example, 
have a distinct age gradation in the so- 
called adult male class, as well as extra- 
group males {53). Recent research by 
Gartlan {43) suggests that the drill 
{Mandrillus leucophaeus), which forages 
on the ground in dense forests, has 
retained the uni-male to age-^graded- 
male structure. 

Papio anubis, P. cynocephalus, P. 
ursinus, Macaca mulatta, and M. fus- 
cata forage primarily on the ground 
(7, 50, 56). They exhibit a multi-male 
grouping pattern, which seems to be 
effective as an antipredator mechanism 
(7, 49)  (see Table 1). 

Terrestrial species of the genera 
Theropithecus and Erythrocebus, as well 
as Papio hamadryas, present other prob- 
lems. Theropithecus gelada and Papio 
hamadryas are adapted to extremely 
arid environments and break up into 
foraging parties that are uni-male in 
composition; hence, the selective advan- 
tage of group attacks on terrestrial pred- 
ators is lost. Crook and Gartlan (2, 3) 
have suggested that this pattern pro- 
motes feeding efficiency by reducing the 
competition for food that would occur 
if a large number of males accompanied 
the females and young; hence, these 
species have approximated a uni-male 
grouping at the expense of group offen- 
sive behavior toward terrestrial preda- 
tors. Such foraging units reassemble at 
selected sleeping sites in the evening. 

The mode of antipredator behavior 
is extremely important to a full under- 
standing of the selective advantage of 
either a multi-male or uni-male group. 
The terrestrial Erythrocebus patas, for 

Table 4. Comparisons of arboreal biomasses. 
[Data for Ghana from Collins {IOS); data 
for Barro Colorado Island are preliminary 
estimates and represent the minimum; data 
for Ceylon are minimum estimates that may 
show higher levels in restricted sample areas.] 

Estimated 
<!ni,MVc                  Biomass 
Species                 (kg/km=) 

arboreal 
biomass" 

(%) 

Barro Colorado Island 
Alouatta villosa                    220.0 22 
Cebus capucinus                    60.0 6 
Bradypus infúscate              550.0 54 
Choloepus hoffmani             180.0 18 

Ghana 
Colobus 

(three species)                     55.08 79 
Cercopithecus 

(two species)                         5.3 8 
Cercocebus 

(one species)                       2.6 4 

Polonnaruwa, Ceylon 
Presbytis senex                   1450.0 61 
Presbytis entellus                  730.0 31 
Macaca sinica                     190.0 8 

Wilpattu, Ceylon 
Presbytis entellus                    19.0 <95 
Macaca sinica                 <      1.0 >  5 

Horton Plains, Ceylon 
Presbytis senex                     630.0 94 
Macaca sinica                 <    40.0 6 

* Percentage is based on the known mammalian 
biomass totals but not the total arboreal mam- 
malian biomass, which may be one-sixth again 
as high. 

example, lives sympatrically with Papio 
but has retained the uni-male grouping 
tendency, with the male keeping watch 
while the females forage. Erythrocebus 
relies mainly on speed, distraction 
displays by the adult male, and dis- 
persed hiding to avoid prédation; thus, 
its antipredator behavior is not and 
never was built around a mobbing re- 
sponse {37). Since Erythrocebus is 
derived from a Cercopithecus-like form, 
it may have retained the uni-male struc- 
ture in its new habitat and have under- 
gone selection for greater speed instead 
of evolving a multi-male structure, as 
is the case in some species of the genus 
Papio {65). 

The chimpanzee {Pan troglodytes) 
occupies a range of habitats, from rain 
forest to forest-grassland. Troops seem 
to have a loose grouping pattern {99), 
although cohesive troop behavior may 
be shown during long marches in 
savanna areas {100). These frugivores 
break up into foraging units in which 
strong cohesion exists mainly in the 
immediate mother family, although pat- 
terns of long-term affiliation are dis- 
played when the independently foraging 
subunits come together {99, 101). 

Gorilla gorilla may be considered a 
semiterrestrial folivore that has a co- 
hesive group structure. The males ap- 
pear to be age-graded, with one old, 
silver-back male as the leader {102). 

Roles, Group Functions, and Social 

Structure•Some Selective Advantages 

Crook (5) has evaluated the inter- 
relations between ecology and social 
structure in primates. We offer here 
some comments on critical issues that 
deserve further research. The funda- 
mental questions are (i) Why do some 
primate species exhibit a multi-male 
troop composition? and (ii) Why do 
adult female primates find it advanta- 
geous to form extended mother families? 
In an evolutionary sense, the number of 
males in a given troop will depend on 
what advantage the males are to the 
reproducing females {103). 

It would appear, in comparing the 
various species of higher primates, that 
there is a strong trend toward polyg- 
yny. Certainly a given male increases 
his individual fitness by distributing his 
genes among the greatest possible num- 
ber of females. However, many advan- 
tages can accrue to a dominant male 
through the presence and actions of 
subordinates {16, 39). A given male's 
dependence on other males for support 
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in enhancing his survival value will de- 
termine, in part, the short-term advan- 
tage of having many males in a troop. 
Nevertheless, if fewer males can do the 
same task better than many males, then 
all things will tend to favor a polygy- 
nous mating system. Even in a multi- 
male troop, such as has been reported 
for various species of Papio and 
Macaca, it may well be that the de- 
scendents of the alpha male would be 
more predominant within the breeding 
unit than would those of subordinate 
males, since subordinate males engage 
in less sexual activity than do alpha 
males (49, 54). 

In most species of primates, the role 
of the male involves little parental care. 
There are, however, exceptions within 
the families Cebidae and Hapalidae, as 
well as in some species of the genus 
Macaca. The functions of the adult 
male, either alone or in company with 
other males, seem to be (i) to maintain 
spacing with respect to neighboring 
troops of the same species, (ii) to 
reduce competition within the group by 
driving out younger males, and (iii) to 
enforce some degree of protection 
against predators. These behaviors may 
involve vigilance, mobbing, pursuit- 
invitation displays, or outright attack. 

A fourth aspect of the adult male's 
activities, which has received only 
sporadic attention, is his role of pro- 
viding leadership. By initiating and 
maintaining movement in a certain di- 
rection, the male is influential in pro- 
moting cohesion of the troop and serves 
as a focus for the troop's movements 
(44, 102). The dominant adult male 
is the one most likely to initiate a 
following response from the females, 
hence his leadership role is dependent 
upon the active participation of females 
and attendant juveniles in his move- 
ments  (44). 

In contrast to the roles of adult 
males, the roles of adult females are 
dominated by infant care. During the 
early phases of the infant's develop- 
ment, the mother is responsible for 
protecting it; when the infant enters 
the juvenile stages, the mother serves 
as a focus for its socialization. Indeed, 
the juvenile's status is, in part, pre- 
determined by its mother's status with- 
in the female hierarchy (63). 

To some extent, each female old 
enough to reproduce is in competition 
with males and other females of the 
same age class for food, sleeping space, 
and so on. Nevertheless, certain ad- 
vantages (ior example, increased feed- 
ing   efficiency   and   antipredator   be- 
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havior) may be inherent in a group 
of several females traveling together 
and maintaining a close liaison. The 
extent to which individual females 
benefit from group rearing of their 
progeny and the extent to which their 
own chances of survival are increased 
by associating with other females will 
determine the size to which the troop 
can profitably  increase. 

Ultimately, the size of the troop is, in 
part, a compromise between competi- 
tion among members for resources that 
are in short supply and the advantage 
of having many members in locating 
resources that are scattered and avail- 
able for restricted periods (96). The 
advantage of feeding in a group is 
often overlooked by field workers, al- 
though feeding calls, which promote 
aggregation in fruit trees, are a well- 
known phenomenon for some species. 

We speculate that, although primary 
folivores such as Colobus guereza and 
Presbytis senex eat considerable quanti- 
ties of fruits, their feeding strategy is 
not predicated on a daily need of find- 
ing ripening fruit trees within their 
home range. Small, cohesive, uni-male 
social units are permitted within this 
strategy. However, in frugivores such 
as Áteles geoffroyi and Pan satyrus 
(46, 101), the best feeding strategy 
involves breaking up the troop into 
small, independently foraging units that 
spread out to locate fruit trees within 
their home range and then "announce" 
the location of feeding spots. In Sai- 
mirí, foraging for small, dispersed 
canopy insects leads to the formation 
of subgroups that forage at different 
rates (84). The interaction between 
the distribution of primary resources 
(food and water) in a specific habitat 
and the population density in that habi- 
tat can profoundly affect social struc- 
ture (12). 

In rain forests, sympatric species 
often form mixed feeding groups that 
move together and show very little 
overt competition. The phenomenon 
has been described for Central Ameri- 
ca and for Gabon, West Africa (104). 
Such species associations should be dis- 
tinguished from instances in which an 
occasional male of one species may 
associate with a troop of another spe- 
cies [for example, a Saimirí male in a 
Callicebus group (35) and two Macaca 
sinica males in a Presbytis entellus 
group (44, 95)]. The exact signifi- 
cance of either the casual or the fre- 
quent mixed-species group has not been 
ascertained, although in both types 
predator   avoidance   or   feeding  effici- 

ency, or both, may be increased for 
all members. The whole problem re- 
quires attention (105). 

We have referred to antipredator 
behavior throughout our consideration 
of selective advantages for the various 
social systems. Yet no single aspect of 
primate field studies has less supportive 
data than the generalizations concern- 
ing the survival value of the various 
presumed antipredator mechanisms. 
The primate troop can and does ex- 
hibit antipredator behavior. Emphasis 
on different patterns (including vigi- 
lance, alarm calls, distraction displays, 
mobbing, and attack) may vary be- 
tween species and between age classes 
and sex classes within a species (44). 

Only a few individuals in a troop 
need spend a great percentage of their 
time in vigilance for all members of 
the group to be benefited; typically 
subadult and adult males perform this 
role. Visual scanning from high posi- 
tions may serve to locate intruding 
conspecific males as well as predators 
(37, 49), and troop members may be 
warned of the presence of a predator 
by alarm calls. The manner in which 
monkeys respond to a potential preda- 
tor depends partly upon their own size 
and mobility and partly upon the rela- 
tive size and position of the predator. 

The jumping and vocalizations of 
adult males are common alarm be- 
haviors, and are described for such 
diverse primate species as terrestrial 
Erythrocebus patas {37) and arboreal 
Presbytis senex (19, 74). It is gen- 
erally considered that such behavior 
distracts the predator while the females 
encumbered by young scatter and hide 
(44). Protective males typically posi- 
tion themselves between the group and 
a terrestrial predator. 

Mobbing, another alarm behavior, 
requires the presence of a group. A 
predator may be harried through vocali- 
zations, group defecation and urina- 
tion (46, 69), and, in large species, 
branches that may fall from the weight 
of leaping adult males (Presbytis) or 
be purposely broken off and dropped 
(Alouatta, Cebus)   (46, 69, 91). 

If a predator should surprise a troop 
at short range, individual flight re- 
sponses may scatter troop members in 
various directions, thus confusing a 
predator. This confers some selective 
advantage on group life, even though 
no altruistic tendencies can be detected. 

Unlike the smaller primates, larger 
species attack outright, and some (for 
example, gorifla and chimpanzee) are 
more than a match for even the largest 
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predators. Baboons exhibit a pro- 
nounced sexual dimorphism, and, since 
the baboons of the genus Papio typi- 
cally forage in large multi-male groups, 
the larger males can form an effective 
attack unit and displace a predator. 
The responses of baboons and chim- 
panzees to leopards have been studied 
(106) and have been found to include 
the use of actual weapons (sticks and 
rocks)  (107). 

General Conclusions 

When the major radiations in the 
Old World, New World, and Mada- 
gascar are compared with each other, 
no doubt some of the differences in 
social structure seen in those species 
adapted to similar ecological niches 
will be found to result from phylo- 
genetic differences; that is, the social 
structures of the ancestral forms have 
been carried forward in the adaptive 
radiation of these species. For exam- 
ple, the consistent tendency in lemu- 
roid primates such as Propithecus and 
Lemur to show multi-male groups with 
more males than females, a dominance 
of females over males, and the segre- 
gation of troops into all-male and all- 
female subgroups does not exist in any 
known continental species (25, 59). 
The South American radiation has pro- 
duced a trend toward male participa- 
tion in parental care and the formation 
of pair bonds between given males and 
females. 

Although we can generalize about 
the selective advantages of primate 
social structures, we must remember 
that the history of the population un- 
der study, its particular adaptation to 
local environmental conditions, and the 
idiosyncratic nature of its dyadic rela- 
tions (which have been ontogenetically 
established within the particular group) 
can result in a great deal of variability 
in social structure, even within the 
same species when it occurs in widely 
differing habitats. Hence, in making 
generalizations about social structure, 
we must remember that we are talking 
about behavioral modes or behavioral 
medians. 

Summary 

It has been the custom for ethologists 
to divide mammalian societies into 
grades. Each ascending level of com- 
plexity denotes an increase in the com- 
plexity  of interaction  patterns  among 

the members of the group. The multi- 
male group traditionally represented a 
high level of social organization, as 
well as the higher primate norm, but 
it was defined from early studies on 
terrestrial primates. What we have tried 
to show is that the uni-male system 
occurs in a wide variety of primate 
species in both the cercopithecoid and 
ceboid radiations. Furthermore, we have 
attempted to illustrate that multi-male 
systems are more apparent than real 
and that many should be considered 
age-graded-male systems. 

The three proposed classes (uni- 
male, age-graded-male, and multi-male) 
of social structure (above the level of 
the parental family) are gradations and 
represent an increased complexity based 
on an increased tolerance among adults 
at the maximum "sociological" age 
level. There are only a few species for 
which the data are suiRcient to place 
them in a class. The multi-male system 
is apparently a specialized form of so- 
cial grouping that represents a particu- 
lar adaptation to terrestrial foraging by 
intermediate-sized primates. It is readily 
derived from an age-graded-male sys- 
tem. The multi-male system does not 
differ profoundly from an age-graded- 
male system, but the former does allow 
for increased affiliation and coopera- 
tion among adult males. 

The uni-male system or the age- 
graded-male system is favored in arbo- 
real species, both frugivores and foliv- 
ores. The structure of a species' social 
organization is more predictable for 
diurnal, leaf-eating forms than it is 
for the frugivores. We can correlate an 
arboreal, diurnal, leaf-eating niche 
with a species having a social struc- 
ture that tends toward a uni-male sys- 
tem with a small home range and the 
employment of chorusing behavior to 
effect spacing. Such species tend to be 
sedentary and are typified by Alouatta, 
Colobus, and Presbytis. It would appear, 
then, that similar prédation pressures 
(semiarboreal felids probably being 
most important) and similar forag- 
ing problems have forced similar be- 
havioral  solutions upon these  species. 

One should be wary of generaliza- 
tions concerning the form of social 
structure for any given species, since 
social structure may vary with habitat. 
Similar variations have been noted in 
response to problems of density and 
habitat disturbance. Parallel trends can 
be noted in both the ceboid and cer- 
copithecoid lines of evolution. More 
nearly accurate correlations will be pos- 
sible  only  when  we  have  more  data 

concerning feeding efficiency and anti- 
predator mechanisms for a wide vari- 
ety of species, each studied within a 
range of habitats. 
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