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ABSTRACT Affiliative relations between adult males and immature
group members were studied in three naturally occurring groups of ringtailed
lemurs (Lemur catta) over a 12-month period at Beza-Mahafaly Reserve,
southwestern Madagascar. No statistically significant difference was found in
rates of affiliative interactions between adult males and older immatures
(juveniles and adolescents) over reproductive seasons. However, some of the
adult males in two focal groups increased their rates of affiliative behaviors
with older immatures during the lactation and subsequent 1993 postmigra-
tion periods. Female involvement with infants during lactation season, the
increasing independence of juveniles and adolescents, and length of male
tenure may be factors contributing to such a pattern. Neither adult males nor
immatures were significantly responsible for the initiation and maintenance
of proximity in male-immature dyadic interactions. Neither dominance rank
nor age-class of the adult male affected their rates of affiliative behavior with
immatures. The majority of focal males exhibited an interest in infants and
occasionally participated in alloparental care. It is suggested that adult males
can benefit from affiliative relations with immatures in terms of opportunities
for greater spatial centrality in the group, which can lead to enhanced
predator protection and greater opportunities to develop affiliative relation-
ships with females. Immatures can benefit from affiliation with males in
relation to enhanced predator detection and protection, alloparental care, and
opportunities to develop social skills. Am J Phys Anthropol 103:163–171,
1997. r 1997 Wiley-Liss, Inc.

Among anthropoid primates living inmul-
timale-multifemale social groups and charac-
terized by male dispersal, affiliative behav-
ior between adultmales and immature group
members varies considerably. It ranges from
intensive in Barbary macaques (Taub, 1984)
to moderate or relatively infrequent and
seasonal in Japanese macaques, rhesus ma-
caques, and savannah baboons (Itani, 1959;
Alexander, 1970; Hasegawa and Hiraiwa,
1980; Packer, 1980; Hill, 1986; Altmann,
1980; Strum, 1984; Smuts, 1985).
Several variables have been suggested to

affect male-immature affiliative relation-

ships and alloparenting. For example, in a
number of macaque species and in vervet
monkeys, younger adult males interactmore
with immatures than older males (Alex-
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ander, 1970; Breuggerman, 1973; Taub, 1984;
Fairbanks, 1993). High-ranking rhesus ma-
caque males affiliate more with immatures
than lower-ranking males (Breuggerman,
1973; Hill, 1986). Finally, males with longer
tenure in a group interact with infants and
exhibit caretaking behaviorsmore frequently
than recent immigrants in baboons, rhesus
macaques, and vervets (Packer, 1980; Ves-
sey and Meikle, 1984; Horrocks and Hunte,
1993).
Reproductive seasonality can also affect

social relationships between adult males
and immatures. In Japanese and rhesus
macaques, Itani (1959), Alexander (1970),
Hasegawa and Hiraiwa (1980), Gouzoules
(1984), andHill (1986) found that alloparent-
ing and affiliative behavior between males
and older immatures (1- and 2-year-olds)
were either more frequent or occurred exclu-
sively during the birth season whenmothers
were involved with care of newborns.
Immatures benefit from affiliative associa-

tions with adult males in terms of protection
from predators or other group members in
baboons (Ransom and Ransom, 1971; Alt-
mann, 1980; Packer, 1980; Smuts, 1985) and
Japanese and Barbary macaques (Itani,
1959; Taub, 1984). Immatures have greater
access to food resources in rhesus macaques
and vervets (Hill, 1986; Horrocks andHunte,
1993). Adult males may also benefit from
affiliative contact with immatures in a vari-
ety of ways. Suggested benefits include inte-
gration into a social group in rhesus ma-
caques (Hill, 1986) and self-protection by
using infants as ‘‘buffers’’ in agonistic inter-
actions with other males in Barbary and
bonnet macaques and baboons (Deag and
Crook, 1971; Taub, 1980, 1984; Silk and
Samuels, 1984; Kummer, 1967; Busse and
Hamilton, 1981; Strum, 1984; Hamilton, 1984;
Smuts, 1985). Other benefits may be main-
taining paternal investment in baboons and
rhesus macaques (Smuts, 1985; Hill, 1986)
or enhancing mating success by establishing
an affiliative relationship with an infant’s
mother in baboons and in Japanese and
Barbarymacaques (Altmann, 1980;Takahata,
1982; Taub, 1984; Strum, 1984; Smuts, 1985).
All of the abovementioned examples occur

in species in which males are dominant to
females. Patterns of adult male–immature

affiliation, and benefits accruing from such
relationships, may differ in a species such as
the ringtailed lemur (Lemur catta) in which
females are dominant to males in all feeding
and social contexts (Jolly, 1966; Taylor and
Sussman, 1987; Pereira et al., 1990). For
example, immatures may not benefit from
proximity to adult males through greater
access to food resources, or protection from
other group members in a female-dominant
primate, as females have priority of access
to all resources and are the primary defend-
ers of the home range. Thus, the adaptive
value of adult male–immature affiliative
relationships may differ from that proposed
for male-dominant primates.
This paper will focus on the affiliative

relationships between adult males and im-
matures (2 years of age and under) in ring-
tailed lemurs and consider the potential
benefits of such relationships to males and
immatures, specifically whether rates of af-
filiative interactions between adult males
and immatures vary according to reproduc-
tive season; whether immatures approach
and maintain proximity with adult males
more than vice-versa; andwhether the domi-
nance rank or age of the male or the length
of tenure of an adult male in his group
affects his rates of affiliative behavior with
the immatures in the group.

METHODS
Study site and focal animals

This study of adult male–immature social
relationships was part of a larger study of
affiliative behavior patterns between adult
males and all age-sex classes of conspecifics
(Gould, 1994, 1996, 1997). The research took
place between March 1992 and March 1993
at Beza-Mahafaly Special Reserve, 23°308S
lat., 44°E long., in southwestern Madagas-
car, 35 km east of the town of Betioky-Sud
(Sussman, 1991). Ringtailed lemurs occur
only in south and southwestern Madagas-
car, and primarily occupy riverine and xero-
phytic forests (Jolly, 1966; Sussman, 1977).
Group size ranges from approximately five
to 27 individuals, with adult sex ratios of 1:1
(Jolly, 1966; Budnitz and Dainis, 1975; Suss-
man, 1977). This species exhibits strict repro-
ductive seasonality in both the female repro-
ductive cycle and male migration (Jolly,
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1966; Sussman, 1977, 1992; Jones, 1983;
Sauther, 1991).
Nine social groups of ringtailed lemurs

live within the Beza-Mahafaly Reserve
boundaries; of these, three were chosen for
study. Age-class and migration status were
known for all focal males in the study, as
animals in all groups living in the reserve
are part of a long-term demographic project
on ringtailed lemurs begun in 1987, and are
tagged and collared for identification pur-
poses (Sussman, 1991).
It was not possible to identify individually

the immatures in the groups, as animals
under 2 years of age are not captured and
given identification collars and tags. Thus,
when immatures are high in the canopy they
are not distinguishable from each other.
However, the age-classes of the immatures
were known, because ringtailed lemurs are
seasonal breeders, and infants are born
within a 3-week period once a year. This is
reflected through marked differences be-
tween the body sizes of infants (0–6 months
during the study period), juveniles (6–18
months), and adolescents (18–30 months).

Data collection and analysis

Over a 12-month period, 1,102 hours of
focal animal data on the affiliative behavior
of nine adult males in three social groups
were collected. The order of focal animal
sampling was equally rotated and deter-
mined at the onset of each week of data
collection. Data were collected during the
focal groups’ active periods, which varied
according to season and temperature.
On-the-minute focal animal point sam-

pling (Altmann, 1974) in the form of 1-hour
sessions was the primary method of data
collection. In addition, all occurrences (Alt-
mann, 1974; Slater, 1978) of agonistic behav-
iors were recorded. Every 15 minutes, near-
est neighbor data were collected. Such data
included the individual identity (in the case
of adults) or age-class (in the case of imma-
tures) of all animals in contact, within 1 m,
and within 3 m of the focal animal. During
each 1-hour focal session, the activity in
which the focal animal was engaged (taken
from a detailed ethogram of ringtailed le-
mur behavior adapted from Jolly, 1966; Tay-
lor, 1986; and Gould, 1989) was recorded at

1-minute intervals. If the behavior was affili-
ative in nature, the initiator and direction of
the behavior were also recorded. To deter-
mine the actual frequency of affiliative be-
haviors, the onset of a ‘‘bout’’ of an affiliative
interaction between a focal animal and an-
other group member was coded differently
from the same behavior if it occurred for a
duration of more than 1 minute. For ex-
ample, if a focal animal was engaged in a
mutual grooming session with a partner for
5 minutes, the first 1-minute interval was
recorded as ‘‘onset of mutual grooming with
partner X,’’ and the remaining four intervals
were recorded as ‘‘mutual grooming with
partner X.’’ Thus, when the data were ana-
lyzed, it was possible to obtain frequencies of
the affiliative interactions of the focal males
by tallying the number of ‘‘onsets.’’
To obtain rates per hour of affiliative

interactions across reproductive seasons, the
frequency of each focal male’s affiliative
interactions was divided by the number of
hours of data collected on that animal in the
particular season in question.

Behaviors considered affiliative

Affiliative behavior between adult males
and immatures included sitting or resting in
close proximity to (,0.5 m) or in contact
with immature group members (any type of
body contact), mutual grooming, one-way
grooming, and huddling (when groups of two
or more animals rest in full-body contact
with tails wrapped around each other). In
the case of male relations with infants,
mutual grooming, resting, sitting, or feeding
near (,0.5m), or sitting or resting in contact
with infantswas considered affiliative behav-
ior, and grooming and carrying of infants
was considered alloparental care.

Group composition

Group composition was as follows: Blue
group, 2 adult males, 3 adult females, 1
adolescent male; Green group, 2 adult males
prior to migration season, 4 adult males
after migration season, 5 adult females, 2
juveniles (sexes unknown), 2 adolescent
males, 2 adolescent females; Red group, 5
adult males before migration season, 3 after
migration season, 4 adult females, 3 juve-
niles (sexes unknown).
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Dates of reproductive seasons

Designated dates for reproductive seasons
were as follows: postmigration 1992, 14
March 92–13May 92; mating, 14May 92–12
June 92; gestation, 13 June 92–24 Septem-
ber 92; lactation andmigration (concurrent),
25 September 92–25 January 93; postmigra-
tion, 1993, 26 January 93–13 March 93.

Determination of proximity maintenance

To determine if there were trends in prox-
imity maintenance between adult males
and immatures in affiliative relations, the
index described by Hinde (1977) was used:
%Ap(A) 2 %Lv(A). This calculation is done
by taking the percentage of all approaches
between two animals A and B that were due
toA (%Ap) minus the percentage of all leaves
due to A (%Lv). If the resulting value is
positive, this indicates that animal A is
primarily responsible for maintaining prox-
imity in the dyad. If the value is negative,
then animal B is chiefly responsible for
maintaining proximity (Table 1).

RESULTS
Affiliative behavior across reproductive
seasons between adult males and older
immatures (juveniles and adolescents)

Friedman’s two-way analysis of variance
detected no significant differences in the

rates of affiliative behaviors between adult
males and older immatures and reproduc-
tive season. However, some trends existed.
Males in two of the three study groups (Blue
and Red groups) exhibited an increase in
their rates of affiliative behavior with the
older immatures in their groups (juveniles
and adolescents) during the lactation and
postmigration periods (25 September 1992
to 13 March 1993, Fig. 1). In all cases, these
males had immigrated into their respective
groups a fewmonths prior to the onset of the
study in 1992, and by postmigration season
1993 had resided in their groups for over 1
year, and were integrated members of the
groups.

Proximity maintenance between males
and immatures

In 46% of all male-immature dyads, the
adults were responsible for maintaining
proximity, and in 39% the immatures were
responsible. In 15% of the cases, neither was
responsible.

Dominance rank and affiliation with
older immatures

The Mann-Whitney U-test showed no sig-
nificant difference between higher- and
lower-ranking males and their rates of affili-
ative behavior with older immatures (juve-

TABLE 1. Approaches and maintenance of proximity between adult males and immatures according to focal group

Focal male
Immature
age-class %ap(A) 2 %Lv(A)1

Responsible for
maintaining proximity

Blue group
B1 Adolescent male 52.9 2 47 5 5.9 B1
B2 Adolescent male 62.5 2 12.5 5 50 B2

Green group
G1 Juveniles 14.2 2 57.1 5 42.9 Juveniles
G1 Adolescent males 15.7 2 31.5 5 215.8 Adolescent males
G1 Adolescent females 13.3 2 13.3 5 0 Neither
G2 Juveniles 25 2 12.5 5 12.5 G2
G2 Adolescent males 53.3 2 40 5 13.3 G2
G2 Adolescent females 26.9 2 30.7 5 23.8 Adolescent females
G3, G42

Red group
R1 Juveniles 40 2 24 5 16 R1
R2 Juveniles 30.7 2 38.4 5 27.7 Juveniles
R2 Juveniles 20 2 15 5 5 R2

Immigrant males before migration
R3 Juveniles 27.2 2 27.2 5 0 Neither
R4 Juveniles 0 2 20 5 220 Juveniles

1 Hinde’s index: the percentage of all approaches between two animals A and B that were due to A (%Ap) minus the percentage of all
leaves due to A (%Lv). If the resulting value is positive, animal A is primarily responsible for maintaining proximity in the dyad. If
negative, animal B is responsible for maintaining proximity.
2 Insufficient data on the two immigrant males during and after immigration to calculate Hinde’s index.
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niles and adolescents). There were numer-
ous changes in the male dominance
hierarchy in all three focal groups during
the year-long study, particularly during the
first 6 months; thus, Figure 2a presents
male affiliation with older immatures dur-
ing the latter half of the study, when male
dominance rank was more stable.

Affiliative behavior between adult males
and infants

Three infants were born into each of the
three study groups between 25 September
and 5November 1992.All nine infants disap-
peared between the ages of 2 weeks and 16
weeks. Infants disappeared at night, and
primarily during the period of development
when they were becoming independent from
the mother with respect to locomotion and
feeding. The birth and early lactation season
of 1992 occurred at the end of a period of

serious drought in the region, and both
infant and adult female mortality were ex-
tremely high (Gould et al., 1996).
Blue group infants disappeared at 3, 10,

and 15 weeks, Green group infants at 2, 5,
and 14 weeks, and Red group infants at 10,
11, and 16 weeks. Thus, in each group, adult
males had a minimum of 3 months available
to interact with infants in their groups.
Six of the nine focal males were observed

participating in alloparental or affiliative
behavior with infants. Again, the Mann-
Whitney U-test found no rank-related differ-
ences. Figure 2b presents the rates per hour
of affiliative and/or alloparental behavior
between the focal males and infants.

Age of adult males and affiliative relations
with immatures

When younger (,5 years) and older adult
males (.5 years) were compared, there was

Fig. 1. Rates of affiliative behaviors between the adult males and the immatures in the Blue and Red
groups over the five reproductive seasons during the 12-month study period: pm’92, postmigration period
1992 (14March–13May); mating, mating season 1992 (14May–12 June); gestation, gestation period 1992
(13 June–24 September); lactation, birth and lactation period, concurrent with migration season (25
September 1992–25 January 1993) 1992–93; pm’93, postmigration period 1993 (26 January–13 March).
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no significant difference in their rates of
affiliative behavior with immatures [Mann-
Whitney U-test for very small samples (Sie-
gal, 1956) N1 5 2, N2 5 7, P . 0.05].

DISCUSSION

In this study, significant seasonal differ-
ences were not found in relation to rates of
male-immature affiliative interactions. Nei-
ther age nor dominance rank of the adult
males affected their relationships with im-
matures, but length of residence in a social
group did positively affect rates of affiliation
between adult males and young animals.

Reproductive seasonality

Some of the focal males in two study
groups (Blue andRed) exhibited higher rates
of affiliative behaviors with the older imma-
tures (juveniles and adolescents) during the
lactation and subsequent postmigration pe-
riods. Female involvement in infant care
during this period and the increasing inde-
pendence of juvenilesmay be factors contrib-
uting to this result. Such a pattern has also
been found in Japanese and rhesus ma-
caques, wherein adult males affiliate with
and care for yearlings and 2-year-olds al-
most exclusively during the birth season,
when mothers are engaged in the care of
newborns and have less time for their older
offspring (Itani, 1959; Alexander, 1970;
Hasegawa and Hiraiwa, 1980; Gouzoules,
1984; Hill, 1986).

Tenure and age effects

The focal males in Red and Blue groups
that did exhibit increases in affiliation with
immatures in the latter part of the study
(lactation, postmigration, 1993) had just im-
migrated into their respective groups a few
months prior to the onset of the study in
1992 (Sussman, unpublished data), and thus
were unfamiliar with the immatures in their
groups at the onset of the study period.
Some of these males were spatially periph-
eral for several months after successful im-
migration. By the end of the study period, 1
year later, these males were well integrated.
Therefore, length of tenure in a social group
appears to have positively affected affiliative
behavior with immatures in this case. Such
a trend has also been found in adult male
baboons, rhesus macaques, and vervet mon-
keys (Packer, 1980; Vessey andMeikle, 1984;
Horrocks and Hunte, 1993).
Young adult male Japanese, rhesus, and

Barbary macaques and young adult male

Fig. 2. a: Rank of the focal males and rates of affilia-
tion with older (1- and 2-year-old) immatures. Asterisks
indicate the highest-ranking males in their respective
groups (Blue, Green, and Red groups). The two males
that transferred from the Red to the Green group are not
included in this analysis, as they were in the process of
migration during the lactation season, and did not
interact with older immatures in either group during
this time. b: Rank of the focal males and rates of
affiliation with the infants in their groups. Again, the
three males with asterisks beside their names were the
highest-ranking males in their respective groups.
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vervets have been found to affiliate more
frequently with immatures than older males
(Alexander, 1970; Breuggerman, 1973; Taub,
1984; Fairbanks, 1993). Among the ring-
tailed lemur males in this study, age did not
have an effect on their frequency of affilia-
tion with the immatures in their groups.

Proximity maintenance

Neither adult males nor immatures were
significantly more responsible for proximity
maintenance. This result contrasts with re-
ports of male-immature proximity mainte-
nance in some male-dominant primate spe-
cies, where the immatures are much more
responsible for maintaining the relationship
than the adult males (Vessey and Meikle,
1984; Hill, 1986). Why was such a trend not
found in ringtailed lemurs? It is suggested
that adult male ringtailed lemurs do not
provide certain benefits to immatures that
males in some male-dominant species do.
For example, they do not provide either
protection from agonism by other group
members or enhanced access to food re-
sources, such as that reported for Japanese
and Barbary macaques and savannah ba-
boons (Itani, 1959; Ransom and Ransom,
1971; Altmann, 1980; Packer, 1980; Taub,
1984; Smuts, 1985; Hill, 1986; Horrocks and
Hunte, 1993). This may explain why imma-
tures do not seek out males as readily as
immatures in some male-dominant species.

Dominance rank of the male

The dominance rank of the male ring-
tailed lemurs in the study had no effect on
their rates of affiliative behavior with imma-
tures. Much variation has been reported in
relation to male dominance rank and inter-
action with immatures in some anthropoid
species. For example, in rhesus macaques,
both Breuggerman (1973) and Hill (1986)
noted that the most persistent male/imma-
ture affiliative relationships involved the
higher-ranking, most central males. Con-
versely, Estrada and Sandoval (1977) found
that among adult male stumptail macaques,
rank of the male was inversely correlated
with the amount of infant care displayed.
Taub (1984) reported that among Barbary
macaques, the rank of the male was not a
critical factor in the amount of infant caregiv-

ing an adult male performed. The ringtailed
lemur males in the study groups appear to
exhibit similarities to Barbary macaques
with respect to dominance rank and affilia-
tive interactions with immatures.
Adult male ringtailed lemurs do exhibit

an interest in infants, and alloparental care
and affiliative behavior between males and
infant ringtailed lemurs at both Berenty
Reserve (Gould, 1992) and Beza-Mahafaly
Reserve (Gould, 1994) has been observed. It
has been suggested that first mating in
ringtailed lemurs may confer a paternity ad-
vantage (Pereira and Weiss, 1991; Sauther,
1991). However, in both the Blue and Red
groups, the males that exhibited the highest
rates of interactions with infants (B2 and
R1) were not the first to mate with a number
of the females (Gould, 1994). If first mating
does correlate with paternity, paternity may
not necessarily correlate with higher
amounts of infant care.

Benefits to adult males and immatures
of male-immature affiliative relationships

An affiliative relationship between an
adult male and an immature group member
can potentially benefit both animals in a
number of ways. For an adult male, affilia-
tionwith infants and older immatures places
a male in a more central position with
respect to the female core of the group, since
immatures stay in relatively close proximity
to their mothers. Greater centrality can
result in enhanced predator protection. Fur-
thermore, greater centrality can result in
better tolerance by females of a male’s pres-
ence and, thus, potentially greater opportu-
nities for a male to develop social relation-
ships with females. Affiliative relationships
with females are not only beneficial in a
social sense, but also with respect to health
and survival in the cold season. During the
austral winter in southernMadagascar, tem-
peratures can drop to as low as 3°C during
the night, and reach only 18 or 20°C during
the day. Morland (1993) suggests that ani-
mals that form large huddles during the cold
season can benefit from enhanced thermo-
regulation, but that huddling requires a
high degree of tolerance between animals.
In ringtailed lemur groups, the largest
huddles are made up of females, immatures,
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and occasionally adult males. Forming affili-
ative relationships with immatures may re-
sult in acceptance into a huddle during the
winter months. Males may also derive con-
tact comfort from infants, as has been sug-
gested by Strum (1984) for adult male olive
baboons.
Immature ringtailed lemurs benefit from

affiliative behavior with males with respect
to predation detection and protection, allopa-
rental care, and the opportunity to develop
social skills which, particularly for male
immatures, can be of great importance in
terms of learning appropriate sex-specific
behaviors.
Not all group-living lemur species are

female dominant (Pereira et al., 1990). Fu-
ture research on adult male relationships
with immatures in other naturally occurring
prosimian species exhibiting differing types
of social organization and dominance pat-
terns needs to be conducted. Such informa-
tion can help us to gain a greater perspective
on the variation in and adaptive significance
of male-immature interactions in prosimian
primates, as well as providing us with
greater insight into this question as applied
to the entire primate order.
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