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Temporal Variation in Adult Affiliation Patterns
in Wild Taiwanese Macaques (Macaca cyclopis)
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We studied temporal variation in affiliative behavior among adults in 2 mul-
timale groups of wild Taiwanese macaques from 2 different populations: one
in Southern Taiwan, and one in Northern Taiwan. Although the study areas
differed dramatically in their elevation, average temperatures, and rainfall
patterns, both populations displayed marked similarities. Analyses of groom-
ing and proximity showed that only male-female affiliative patterns had sig-
nificant temporal variation. The males and females of both populations had
the highest frequencies of grooming and proximity in a mating context. Out-
side of the mating season, male-female affiliation rates dropped dramatically.
In contrast, female-female and male-male affiliation patterns showed no sig-
nificant temporal variation.

KEY WORDS: affiliation; behavior; grooming; Macaca; reproduction; reproductive strat-
egies.

INTRODUCTION

We examined seasonal variation in affiliative relationships among
adult Taiwanese macaques with an emphasis on affiliative relationships
among males and females.

Among primates, the degree to which adult males and females asso-
ciate varies widely. Patterns of interaction are an important component of
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social structure, and the reproductive strategies that individuals employ. It
is thought that mating patterns are the result of the interaction of both male
and female sociosexual strategies (van Hooff, 2000). Understanding the pat-
terning of affiliative relationships among adults, in particular the temporal
patterns of male-female relationships throughout the reproductive cycle, is
essential to address questions about the nature of intersexual conflict and
cooperation.

We used grooming and proximity patterns to measure the temporal
variation in affiliation among and between males and females. The 2 mea-
sures are related, but it is possible to look at them independently (Smuts,
1985). We then compared the measures inside and outside of the mat-
ing season. Like some other macaque species (Macaca assamensis and M.
fascicularis: Fooden, 1971; M. fascicularis: Kavanaugh and Larson, 1984;
van Noordwijk, 1985; M. mulatta: Roonwal and Mohnot, 1977; M. radi-
ata and M. sinica: Fooden, 1979), Taiwanese macaques have a seasonal
breeding and a birth season (Birky, 2002; Hsu et al., 2001; Su, 2003; Wu
and Lin, 1992). Taiwanese macaques also have a promiscuous mating sys-
tem in which females mate with multiple males in the course of an estrous
cycle (Wu and Lin, 1992). In the Ken-ting study group, up to 5 females
mated per day during the mating season and all estrous females mated
with all resident and extra troop males present (Birky, 2002). The repro-
ductive synchrony limits the ability of dominant males to monopolize es-
trous females (Dunbar, 1988; Emlen and Oring, 1977; Im, 1990; Ridley,
1986). It may also increase opportunities for female mate choice (Manson,
1994).

In rhesus and Japanese macaques, certain male-female dyads groom
and maintain proximity throughout the year even though mating is sea-
sonal (Chapais, 1983; Ehart, 1991; Grewal, 1980; Hill, 1990; Manson, 1992;
Takahata, 1982). Because Taiwanese macaques share a close phylogenetic
relationship with rhesus and Japanese macaques (Fooden, 1980) as well as a
similar social organization and social structure, we expected to see a similar
pattern of male-female affiliative interaction in Taiwanese macaques.

Taiwanese macaques have a matrilineal social organization in which
females remain in their natal groups while males emigrate (Fooden and
Wu, 2001; Wu and Lin, 1992), but females have also been known to em-
igrate into other groups (Hsu et al., 2001; W. A. Birky, personal ob-
servation). We expected affiliative relationships among females to be
stronger than those between males and females. We also expected fe-
males to show little variation in grooming frequencies in relation to mating
seasonality.

Male macaques show considerable variation in their affiliative patterns,
even within species. In rhesus macaques, affiliative relationships among
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males are found mainly when the sex ratio is close to parity, especially in
smaller groups, because of the relative scarcity of other grooming partners
(Hill, 1994). Affiliative relationships among males are also stronger where
males remain in their natal groups (i.e., Barbary macaques: Widdig et al.,
2000). Strong affiliative relationships are not expected where males emi-
grate and where sex ratios are skewed toward females. The latter model is
most applicable to Taiwanese macaques, and we did not expect affiliative
relationships among males to be strong, or to observe strong variation in
relation to mating seasonality.

METHODS

Study Sites

The data are from 2 study sites. We conducted the first study in
Southern Taiwan, in the Ken-ting High Coral Reef Conservation Area
(120 48′E, 21 58′N). The terrain in the 137.6-ha conservation area consists
of monsoon forest covering low mountains, 50–320 m in elevation, with
uplifted coral forming ridges and valleys throughout the area (Wu and Lin,
1992). In Ken-ting, rainfall averaged 2200 mm per year, falling mainly dur-
ing the wet season from May to September (Wu and Lin, 1992). Between
September 1996 and February 1998 the average monthly temperature
ranged from a low of 19.3◦C to 27.1◦C (Taiwan Forest Research Institute
weather data 1997–1998). We established the 3.9-km2 study area in the
upper elevations of the Conservation Area from 200 to 310 m.

We conducted the second study in Northern Taiwan, at the Fu-shan
Experimental Forest (121 34′E, 24 46′N). The main geographical charac-
teristic of the region was steep mountainous terrain, which ranged from
500 to 1400 m in elevation. Subtropical moist hardwood predominantly cov-
ered the 2.25-km2 study area. Between January 1999 and December 1999
the average monthly temperature ranged from a low of 11.9◦C to 23.4◦C
(Taiwan Forest Research Institute weather data). Fu-shan had 3700 mm of
rainfall in 1999 with periodic heavy rain falling during all months of the year
(S. Hsia, unpublished data). Overall, the Fu-shan study site was substan-
tially colder, wetter, and higher in elevation than the Ken-ting study site.

Subjects

The Ken-ting group consisted of about 25 individuals, including 6 adult
females and 3 adult males, as well as juveniles and infants. From 3 to 6
additional males followed them during the mating season.
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The Fu-shan group consisted of about 25 individuals in 1999, including
7 adult females, 2 adult males, as well as juveniles and infants. Three adult
males following them on the periphery throughout the year, but they were
most visible and interacted most with the Fu-shan group during the mating
season (Su, 2003). They copulated with the adult females of the Fu-shan
group during the mating season.

Seasonal Variation in Reproductive Behavior

We categorized the mating season by month and included any month
in which more than 1 female was mating (Glick, 1980; van Noordwijk, 1985;
Wu and Lin, 1992). The majority of the copulations in Ken-ting took place
between November and January and the data are from January 1997 to
April 1998. At Fu-shan mating took place from October to February and
we collected data during all months in 1999. At both sites, we defined the
mating season as any month in which more than 1 female was in estrus and
actively mating. Birthing was also seasonal. This is expected in a popula-
tion in which mating was seasonal. We also categorized the birth season
by month and included months in which more than 1 birth occurred. At
Ken-ting most births took place from May to July. At Fu-shan we recorded
all births from April through June.

Data Collection and Analysis

Habituation of the Ken-ting group took place over a 2-mo period in
late 1996. We collected quantitative data on the study group for 1365 post-
habituation observation hours. Observations representing the 1997–1998
breeding season comprised 529 h. At Ken-ting 1 or 2 observers followed
groups from dawn to dusk whenever possible 4–6 days per week over a
20-mo period. Formal data collection on the Ken-ting study group took
place on 262 days. Of those days, 56 were dawn to dusk follows. The av-
erage number of observation hours on the Ken-ting group per observation
day is 5.21, SE = 1.21.

We habituated the Fu-shan study subjects over a period of 4 mo in
1998. We collected quantitative data on the study group for 884 observation
hours in 1999. Data collection at both study sites included all occurrence
data, scan samples, and focal subject samples (Altmann, 1974). Formal data
collection on the Fu-shan group took place on 179 days. Of those days, 51
were dawn to dusk follows. The average number of observation hours on
the Fu-shan group per observation day is 5.91, SE = 3.86.



Affiliation Patterns in Macaca cyclopis 1255

At Ken-ting, we collected scan samples at 10-min intervals, during
which, we recorded the activity of group members using the following pro-
tocol: (1) Record the activity of each individual visible in the first 2 min
of every 10 min. We allowed 2 min because of the obscured viewing con-
ditions at the study site and because the group was often spread out over
a wide area. We took care not to count any individual twice. (2) As most
individuals could be distinguished, we noted the identity of each individ-
ual. If the individual was obscured, we noted the the age/sex class of the
individual. We did not record any individual twice during scan. At Ken-ting
we recorded 8009 scan samples in the course of the study, which included
a total of 37,833 behavioral records during them. There was no evidence
that we sampled particular individuals more often than others at either site
(Di Fiore, 2003). We analyzed grooming patterns at both sites using scan
samples calculated as a frequency per observation hour.

At Fu-shan, we collected scan samples at 30-min intervals using the
same protocol as that for the Ken-ting study site. At Fu-shan we recorded
2117 scan samples in the course of the study, which included a total of 17,374
behavioral records.

We used data from Ken-ting in analyses of focal subject samples and
proximity scans. At Ken-ting, we collected focal subject samples on all adult
females and males in the group whenever possible. Because of limited vis-
ibility, we adopted a modified version of the protocols used by Furuichi
(1989) with the Wamba bonobos and Manson (1991) with the Cayo
Santiago Rhesus macaques. We used the following focal sample protocol:
We chose a readily visible individual as a focal subject. We collected focal
samples in 10-min segments, and 3 consecutive 10-min samples whenever
possible. If the subject was out of sight for more than 1 min of the 10-min
sample, we discarded the focal sample (Manson, 1991). We collected focal
animal samples on most individuals on focal sample collection days. During
we recorded focal animal samples, activity state at 1-min intervals during
the focal subject sample as well as social interactions with other individuals.

Dyadic analyses of grooming and copulations utilized 191.1 h of fo-
cal animal samples of adult males and females from Ken-ting. Because the
number of focal observation hours was not uniform for each individual, we
used the number of focal hours for each member of a dyad to calculate a
proportion of grooming bouts per focal observation hour for each dyad.

We derived proximity measures from focal animal samples of the
Ken-ting group. We collected proximity scans at Ken-ting at 5-min intervals
during focal animal samples. We recorded all individuals in contact with or
≤1 m of the focal animal at 5-min intervals for up to 30 min. Data used in
the analysis consisted of 3 types of adult dyads: female-female, male-male,
and male-female.
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We measured proximity to the focal animal for several distance inter-
vals from contact to ≤3 m. Because of limited visibility in a forested envi-
ronment, we used only measures of close proximity, defined as a distance
from contact to 1 m away from the focal animal.

We based proximity scores for the analysis of individual male-female
dyads on a proportion of the number of proximity scans taken during focal
animal samples for each member of the male-female dyad.

Data Analysis

We used both parametric and non-parametric tests where appropriate
to the data, and calculated statistics using the statistics program SPSS and
Microsoft Excel. We determined male and female dominance rankings in
the Ken-ting group by calculating directionality of displacements and direc-
tionality of agonistic interactions (Zumpe and Michael, 1986).

RESULTS

Temporal Variation in Male-Female Grooming

Using months as data points, we calculated grooming frequencies
among females, males, and males and females from scan samples using
data that were pooled across dyads. Both study sites showed similarities
in the grooming patterns among adults. Male-female grooming frequencies
in both study groups showed the greatest temporal variation and they were
highest during the mating season at both sites. At Ken-ting they varied from
0 to 0.48 bouts per observation hour with a mean of 0.11 (SE = 0.03). At
Fu-shan male-female grooming frequencies ranged from 0 to 0.28 bouts per
observation hour with a mean of 0.06 (SE = 0.03).

Female-female grooming varied in frequency per observation hour and
had the highest general frequencies in both study groups. At Ken-ting they
varied from 0.2 to 0.79 bouts per observation hour with a mean of 0.35 bouts
per observation hour (SE = 0.03). At Fu-shan they ranged from 0.08 to 0.49
bouts per observation hour with a mean of 0.21 (SE = 0.04).

In both study groups, males groomed with one another at a consis-
tently low frequency. At Ken-ting, male-male grooming rates ranged from
0.0 to 0.06 bouts per observation hour, with a mean of 0.01 (SE = 0.004).
At Fu-shan they ranged from 0.0 to 0.08 bouts per observation hour, with a
mean of 0.01 (SE = 0.01) (Fig. 1a and b).

We weighted grooming frequencies per observation hour by the num-
ber of individuals in each of the 3 categories, and calculated the mean



Affiliation Patterns in Macaca cyclopis 1257

Fig. 1. (a, b) Temporal variation in adult grooming by month at Fu-Shan (n = 12 mo) and
Ken-ting (n = 16 months) between males and females (MF), and among females (FF) and
males (MM). ( ) indicates mating season; ( ) indicates birth season.

grooming frequencies using a proportions test (Cooper and Bernstein,
2000). The means for male-female grooming per observation hour,
weighted by the number of individuals, are 0.012 (SE = 0.003) at Ken-ting
and 0.006 (SE = 0.01) at Fu-shan. We calculated female-female groom-
ing means at 0.006 (SE = 0.002) at Ken-ting and 0.03 (SE = 0.005) at
Fu-shan; and calculated male-male grooming means at 0.003 (SE = 0.001)
at Ken-ting and 0.006 (SE = 0.003) at Fu-shan. At Ken-ting, on aver-
age, female-female grooming was 2.5 times more frequent than male-
female grooming and 10 times more frequent than male-male grooming.
At Fu-shan female-female grooming was 5 times more frequent than both
male-female grooming, and male-male grooming.

Although grooming between all adult categories increased during the
mating season at both sites, only male-female grooming showed a signif-
icant difference between the mating season and non-mating season (t-test
for equal variance, Ken-ting: p = 0.007, 2-tailed, Fu-shan: p = 0.01 2-tailed)
(Fig. 2). Although female-female grooming frequencies varied from month
to month, there is no significant difference related to the mating season
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Fig. 2. Male-female grooming during the mating and non-mating season at Ken-ting and Fu-
shan. We compared mating season and non-mating season values using a t-test for equal vari-
ance (two-tailed).

(t-test for equal variance, Ken-ting: p = 0.12, two-tailed, Fu-shan: p = 0.23,
two-tailed). Mating season differences in the consistently low male-male
grooming frequencies are also not significant (t-test for equal variance,
Ken-ting: p = 0.15, 2-tailed, Fu-shan: p = 0.10, two-tailed).

We correlated male-female grooming frequencies per observation
hour at Ken-ting with copulation rate per observation hour (Kendall tau =
0.6614, p < 0.0001 two-tailed) using months as data points. Male-male and
female-female grooming frequencies showed no significant correlation with
copulations per observation hour (M-M Kendall tau = 0.2305, p = 0.257,
2-tailed; F-F Kendall τ = 0.1847, p = 0.3150, 2-tailed).

Using data from 191.1 h of focal animal observations at Ken-ting, we
then looked at male-female dyads that both groomed and mated with one
another. This included 12 dyads and a total of 45 grooming bouts. The anal-
ysis showed that 75% of male-female grooming bouts occurred on days
when the dyad copulated (Wilcoxon signed ranks test p = 0.014, 2-tailed).
We then reanalyzed the same data set to look at differences in male-female
grooming frequencies on days when females were mating and when they
were not mating. In the analysis, 95% of all male-female grooming bouts
took place while the female member of the dyad was mating (Wilcoxon
signed ranks test p = 0.001, 2-tailed) (Fig. 3). Although Ken-ting females
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Fig. 3. Male-female grooming dyads at Ken-ting. The figure shows the number of groom-
ing bouts when the female was mating vs. the number of grooming bouts when the fe-
male was not mating. The data set includes 12 dyads that both groomed and mated. To
correct for differences in the number of focal observation hour for different individuals,
we calculated the number of grooming bouts as a proportion of the focal observation
hours for the dyad members. On the x-axis, the initials of the first individual represent
the female member of the dyad, and the second set of initials represents the male mem-
ber of the dyad.

groomed males more often than males groomed females, the difference
is not significant (n = 12 dyads, Wilcoxon signed ranks test p = 0.439, 2-
tailed) (Fig. 4).

Temporal Variation in Adult Proximity

Throughout the study, male-female proximity patterns were higher
during the mating season than at other times. Male-male proximity scores
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Fig. 4. Temporal variation in male-female grooming direction and number of dyads
at Ken-ting derived from focal subject samples. MF: male grooms female; FM: female
grooms male; # Dyads: the number of dyads observed grooming during that month.
( ) indicates mating season; ( ) indicates birth season.

were consistently low throughout the study and female-female proximity
showed no particular pattern related to the mating season (Fig. 5).

All adult dyad categories had higher rates of proximity during the
mating season but only male-female proximity showed a significant differ-
ence between the mating and non-mating season (t-test for equal variance
p = 0.008). There is no significant difference in proximity among females
or among males (t-test for equal variance F-F p = 0.54, M-M p = 0.56).

An analysis of proximity based on individual male-female dyads in the
Ken-ting group showed a pattern similar to the pooled data analyzed above.
Close proximity (defined as from contact to 1 m apart) among 11 male-
female dyads, on days when that dyad was observed to mate, is not sig-
nificant (Wilcoxon signed ranks test p = 0.262, 2-tailed). Only 32% of the
proximity scans showed mating dyads remaining near one another on days
when copulations among that dyad were observed. But when we analyzed
the same data set and looked at whether the female member of the dyad had
mated with any male on a day when the male member of the dyad was in
close proximity, the difference was significant (n = 175 proximity scans in-
volving females that mated on that day, n = 36 involving females that were
not observed to mate on that day) (Wilcoxon signed-ranks test p = 0.03,

Fig. 5. Temporal variation in proximity scores by month at Ken-ting (n = 16 months)
between males and females (MF), and among females (FF) and males (MM). ( )
indicates mating season; ( ) indicates birth season.
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Fig. 6. Male-female dyads in close proximity at Ken-ting. The data set
includes 11 dyads that were recorded in close proximity during proxim-
ity scans. The figure shows differences in close proximity when the female
was mating vs. when the female was not mating. To correct for differences
in the number of proximity scans recorded for each individual, we calcu-
lated the number of close proximity scans as a proportion of all proximity
scans for both members of the dyad. On the x-axis, the initials of the first
individual represent the female member of the dyad, and the second set
of initials represents the male member of the dyad.

two-tailed) (Fig. 6). Overall, 83% of all male-female dyads in close proxim-
ity involved females that copulated on that day.

DISCUSSION

General Adult Interaction Patterns

The adult interaction patterns in Taiwanese macaques reflect their
social system. They show female philopatry (Wu and Lin, 1992), and they
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are strongly female bonded (Wrangham, 1980). As expected, females
associated with each other more often than males did. Males leave the
group between the ages of 3 and 5 yr (Hsu and Agoramoorthy, 1999; Hsu
and Lin, 2001; Wu and Lin, 1992), and they are not known to maintain
close relationships with one another once they join a non-natal group.

Male-Female Associations

Male and female Taiwanese macaques in both the Ken-ting and
Fu-shan groups showed little affiliative behavior outside the mating season.
At both sites, males and females groomed together most during the mat-
ing season and mainly in a mating context. Grooming and proximity among
Taiwanese macaque males and females showed a pattern of increased as-
sociation in the mating season, and even then mainly in a mating context.
In addition, male-female interactions were particularly sparse when young
infants were present.

Although they have similar social systems, the male-female associ-
ation patterns in the Taiwanese macaques at both study sites contrast
with reported association patterns in rhesus (Hill, 1990; Manson, 1991)
and Japanese macaques (Takahata, 1982), and with female tendencies
to remain near certain males during the birth season, as in long-tailed
macaques (van Noordwijk, 1985). However, the size of our study groups,
and our data sets did not allow extensive dyadic analyses (i.e., Smuts, 1985).
Once additional dyadic information is available, it is possible that more
subtle relationships among females and males may come to light.

Several possibilities might explain the lack of strong male-female asso-
ciations in the Taiwanese macaque groups. One is that the relatively small
group size makes the relationships unnecessary. Most studies have involved
groups with larger group sizes (Manson, 1991; Smuts, 1985; Takahata, 1982)
with a larger number of males in the groups. Small numbers of males in
groups may amplify dominance effects (Cowlishaw and Dunbar, 1991), pos-
sibly because there is little room for changing rank within the group. Domi-
nant males are rarely challenged by lower-ranking males (Smuts and Smuts,
1993); consequently, a low-ranking male ally might not be advantageous to
a female. The 3 resident males in the Ken-ting group had a fairly stable hi-
erarchy in the last 11 mo of the Ken-ting study and the lower-ranking males
rarely challenged higher-ranking males.

The number of females in the group was also relatively small, and they
were likely to be close kin. There may be little reason for a female to have
a male ally in terms of protection from other females. In the course of
both studies, we observed only one situation out of 2249 observation h (at
Ken-ting) in which a male appeared to be defending a female from another
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female. Males may be most useful to females in conflicts with other females
when more females are present.

From the male perspective, in a seasonal mating system with female
mating synchrony, investment in a particular female was not likely to re-
sult in increased mating success (Hill, 1990; Takahata, 1982). High-ranking
males often have priority of access to estrous females (M. fuscata: Soltis,
1999). But a high-ranking male is generally unable to monopolize all breed-
ing females, which allows mating opportunities for other males (Andelman,
1986), especially when more than one female is mating at a time (Im, 1990;
Nunn, 2000).

Some researchers have also hypothesized that male-female friendships
are a way for females to mitigate male sexual coercion and infanticide
(Smuts and Smuts, 1993; van Schaik, 2000a; van Schaik et al., 2004). Male
protection from other males can reduce the risk of infanticide for females
and also reduce harassment by other males. In some macaque species, fe-
males increase proximity to males after they have given birth to an infant
(Japanese macaques: Takahata, 1982; long-tailed macaques: van Noordwijk
and van Schaik, 1988) as a way to protect them against infanticide.

Our studies can shed little light on the issue at this time except to note
that females had the fewest interactions with males during the birth season,
regardless whether they had young infants. While female mating behavior
at Ken-ting appeared to fit van Schaik’s model (2000b) for infanticide avoid-
ance (Birky, 2002), we observed no strong, quantifiable, evidence for it at
either site. We did not observe male aggression toward infants and young
juveniles with the following exception: An alpha male vigorously pushed an
infant away from its mother twice while he was mating with her. The mother
did not react protectively toward the infant, and the infant left the mating
pair. Rare, and relatively benign, anecdotes such as this do not allow us to
make any conclusions about infanticide avoidance and male-female associ-
ations.

Overall, female-female and male-male patterns of association did not
vary significantly with mating seasonality, which coincides with the pat-
terns found in other macaque species. Only male-female affiliative patterns
showed a significant difference that was associated with the breeding sea-
son. Adult grooming patterns were very similar at both study sites even
though they are in divergent ecological settings.
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