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Abstract Considerable variation in mothering styles is found among primate species,
which may be directly related to species-typical differences in social structure,
dominance style, patterns of infant development, and rates of intragroup aggression.
We predicted that, as egalitarian Asian colobines, mothers of Yunnan snub-nosed
monkeys (Rhinopithecus bieti) would adopt a mothering style characterized by low
restrictiveness and low rejection. We followed six mother–infant dyads in a provi-
sioned group of Rhinopithecus bieti inhabiting the Baimaxueshan National Nature
Reserve, Yunnan, China, and collected 717.2 h of observational data on maternal care
and infant development. In the first month after birth, infants were completely
dependent on their mothers for nutrition and movement. They began to locomote
clumsily during their second month of life. Mothers restricted the movements of their
infants only during their first 2 mo of life. Maternal rejection occurred infrequently
and never exceeded a mean of two events per hour for a given infant over any 1-mo
period. Most rejections were mild, and did not result in a cessation of nursing. Infants
were not weaned when they were 12 mo old. Our study offers support for the
contention that females of Rhinopithecus bieti adopt a relaxed mothering style in
caring for offspring during their first year of life.
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Introduction

Mother–infant interactions are critical for offspring survival and female reproductive
success (Hrdy 1999). Compared with other mammals of similar body size, primate
infants are altricial for a prolonged period of time before they can survive indepen-
dently (Kappeler et al. 2003; Ross 1998). The age when the infants are capable of
independent foraging, locomotion, and social interaction with group members varies
among primate species, and postnatal maternal care can last for 2 mo to several years,
while weaning generally occurs when infants have reached about one-third of adult
body mass (Kappeler et al. 2003).

Marked variation in mothering styles is found among primate species both in
captivity and in the wild (Maestripieri 1994b). Generally, mothering style is evaluated
based on two main factors: protectiveness and rejection (Fairbanks and McGuire
1987; Simpson and Howe 1980; Tanaka 1989). Protectiveness is positively associated
with maternal postnatal investment and the type of care and protection mothers provide
their dependent offspring (Bardi et al. 2001). Rejection, in contrast, occurs as mothers
begin to discourage ventral contact with their infants, refuse to provide milk, and reduce
other forms of caregiving either temporarily or permanently (Su et al. 1992). The
mother–infant conflict hypothesis suggests that maternal rejection ensues because of a
trade-off that mothers experience between investing in current infants and future
offspring (Lee 1996; Trivers 1974). The timing hypothesis (Altmann 1980; Dunbar
and Dunbar 1988) posits that mother–infant conflict is more about the timing rather than
the amount of investment in offspring, i.e., maternal rejection adjusts infant suckling
time so that nursing behavior does not interfere with the mother’s activity.
Spatial (proximity to infant) and temporal (length of period of infant care) differ-
ences in the manner in which mothers interact with, protect, and reject their offspring,
especially during weaning, are used to distinguish maternal style across primate species
(Maestripieri 1994b).

Previous studies of cercopithecines have shown that rhesus macaques (Macaca
mulatta) adopt a controlling mothering style, in which mothers are both highly protective
of their infants and actively reject them (Hinde and Simpson 1975). Maternal rejection in
Macaca mulatta began as early as in the first month of infant life and peaked between 10
and 12 mo of age, which resulted in significantly reduced infant contact seeking behavior
(Hinde and Spencer-Booth 1967). In contrast, stumptail macaque mothers (Macaca
arctoides) scored low on both protectiveness and rejection measures, so the mothering
style was characterized as laissez-faire or relaxed (Altmann 1980; Maestripieri 1994a).
The differences in mothering styles between macaque species were related to differences
in the species-typical social structure and dominance hierarchies (Maestripieri 1994a). For
example, conflicts in Macaca mulatta have been characterized as severely aggressive,
with individuals displaying reduced social tolerance and less frequent affiliative interac-
tions (despotic social style) compared withM. arctoides, which are described as express-
ing high rates of affiliative behaviors that reduce social tension (de Waal and Luttrell
1989; Thierry 1990). Under these conditions, mothers ofMacaca mulatta are expected to
be highly vigilant and protect their infants from intragroup aggression, but in addition
encourage offspring independence by frequent rejection in order for them to achieve the
ability to self-protect early (Maestripieri 1993a,b). Given that the frequency and severity
of aggression are significantly lower in egalitarian species such as Macaca arctoides,
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mothers are expected to be more relaxed and permissive in allowing their offspring to be
socially and temporally separated from them and in expanding the set of social partners
their offspring interact with (Maestripieri 1994a).

Female colobines are generally noted for their lower rates of intragroup aggres-
sion, less pronounced dominance hierarchies, and more egalitarian social relation-
ships when compared with many species of cercopithecines (Newton and Dunbar
1994; Struhsaker and Leland 1987). The interactions among factors including phy-
logeny, feeding ecology, digestive strategies, opportunities for infanticide, and repro-
ductive competition are expected to exert a strong influence on primate social
structure and dominance style (Maestripieri 1994b). Colobines heavily exploit fo-
liage, but also turn to fruits and seeds whenever available (Kirkpatrick 2007). Leaves
are often described as a relatively abundant and nonpatchily distributed resource that
could blunt the food competition and reduce intragroup aggression in colobines
(Sterck et al. 1997; Yeager and Kool 2000).

The most common form of social structure reported for Asian colobines is a one-
male, multifemale group (OMU), with extragroup males forming all-male,
nonreproductive units (AMU) (Yeager and Kool 2000). Because colobine females
do not regularly engage in aggressive competition with females of their own group, it
has been hypothesized that colobine mothering styles should be more permissive than
that of cercopithecine females (Moore 1992). The ecological and behavioral differ-
ences between colobines and cercopithecines offer a framework for investigating
mothering styles in primate species characterized by different types of social rela-
tionships (Maestripieri 1994b). Mother–infant relationships and infant development
have been described in several colobine species, such as Hanuman langurs
(Semnopithecus entellus: Sugiyama 1965), Nilgiri langurs (Trachypithecus johnii:
Poirier 1968), white-headed langurs (Trachypithecus leucocephalus: Zhao et al.
2008), and Sichuan snub-nosed monkeys (Rhinopithecus roxellana: Li et al. 2005,
2011) (Table I).

Table I Major landmarks in infant behavioral development for Rhinopithecus bieti, R. roxellana,
Trachypithecus leucocephalus, Macaca mulatta, and Cercopithecus miti

Yunnan snub-
nosed monkey
(R. bieti)

Sichuan snub-
nosed monkey
(R. roxellana)

White-headed
langur (T.
leucocephalus)

Rhesus
monkey
(M. mulatta)

Blue monkey
(Cercopithecus
mitis)

Exploring ventrum 2 2 14–35 3 3

Break contact with
mothers

17 15 28–35 9 5

Move more than an
arm’s reach from
their mothers

39 37 56–63 13 9

Social play 81 92 63–70 21–28 —

Swallow solid food 98 99 21–42 21 44

Source This study Li et al. (2005) Zhao et al.
(2008)

Hinde et al.
(1964)

Forster and
Cords (2002)

Ages are in days
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We present data on maternal behavior and infant development in Yunnan snub-nosed
monkeys (Rhinopithecus bieti), an endangered species of Asian colobine. These monkeys
inhabit northwestern Yunnan and southeastern Tibet, China, where they live at the highest
altitude of any nonhuman primate species (2650-4500 m a.s.l.) (Li et al. 2008; Long et al.
1994). Rhinopithecus bieti appears to be a highly seasonally breeder, with the birth season
beginning in February and ending in April (Huang et al. 2012; Xiang and Sayers 2009).
The mean interbirth interval is ca. 24 mo (Cui et al. 2006). Rhinopithecus bieti has a diet
dominated by lichens, which are seasonally complemented with young leaves, fruits, and
flowers (Grueter et al. 2009; Kirkpatrick et al. 2001). Lichens are abundant and nonpatchily
distributed in the habitat of Rhinopithecus bieti (Kirkpatrick et al. 1998). The lichen-eating
habit probably has profound influences on the social system of Rhinopithecus bieti, as it
relaxes food competition and thus permits the formation of large groups (Kirkpatrick et al.
1998). Group size varies from 50 to 480 individuals (Li et al. 2010; Long et al. 1994), and
groups comprise several distinct OMUs and AMUs (Kirkpatrick et al. 1998). This multi-
level system is upheld via mutual tolerance among neighboring units, but aggression does
occur when units approach each other too closely or a contestable resource is at stake
(Grueter et al. 2013; Kirkpatrick 1996).Compared with many cercopithecines,
Rhinopithecus bieti is a “tolerant” Asian colobine with low levels of aggression within
family units, rare severe conflict, and high conciliatory tendency (Grueter 2004; Kirkpatrick
et al. 1998). Aggression toward infants is rare, and infanticide does not appear to represent a
common male or female reproductive strategy (Ren et al. 2011). Only two cases of
infanticide have been reported in Rhinopithecus bieti, and one of these appears to have
been accidental (Ren et al. 2011; Xiang and Grueter 2007). Given high levels of intragroup
social tolerance, and the absence of adult male or female aggression directed at infants, we
predicted that females of Rhinopithecus bieti adopt a relaxed mothering style characterized
by low restrictiveness and low rejection compared with Macaca mulatta. If mothers
rejected infants in favor of sexual behavior, then this would support the mother–infant
conflict hypothesis. If mothers rejected infants whenmothers were feeding, then this would
provide some support for the timing hypothesis.

Materials and Methods

Study Site and Subjects

We conducted this study at Xiangguqing (99°20′E, 27°30′N) in Baimaxueshan National
Nature Reserve, Yunnan Province, China from December 2009 to March 2011. The
focal group of Yunnan snub-nosed monkey (Rhinopithecus bieti) has been provisioned
two or three times per day since 2008, but the provisioning food accounts for only a
small proportion of their diet. The monkeys are well habituated to observers and can be
approached to within 5–30 m (Ren et al. 2011). The focal group consists of ca. 90
monkeys belonging to seven to nine OMUs and one AMU.We classified the individuals
into six age/sex categories: adult males, adult females, subadult males, subadult females,
juveniles, and infants (Kirkpatrick 1996; Li et al. 2010). Each individual can be
recognized by its unique set of physical features, which include distinctive hair patterns,
facial features, scars, and body size. During the 2010 birth season, we selected six
mother–infant dyads as our focal subjects for which we knew the birth dates of the
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infants and the mothers’ parity and rank (Table II). Maternal rank was based on the
feeding superiority and displacement behaviors in their OMU (Zhang 2012).

Data Collection and Analysis

Behavioral observations began at 08:00 and 09:30 h, and ended at 17:30–19:00 h
when the monkeys returned to their nocturnal sleeping sites. We divided the day into
three periods (morning feeding time: 08:00–11:00 h; resting time: 11:00–15:30 h;
afternoon feeding time: 15:30–19:00 h) based on the routine diurnal activity pattern
of this species. We attempted to obtain equal amounts of data on each of the different
dyads across all three activity periods.

Using a focal sampling method (Altmann 1974), we began by selecting a mother–infant
dyad that was nearby and recorded data continuously until they moved out of view. The
mean length of a focal observation session was 62.6 ± SE 4.0 min (N = 688). Data
collection included mother–infant interactions, the mother’s activity, and infant’s behavior
(Table III). For behavioral states, we recorded the type of behavior and its duration in
seconds, so the percentage of time spent performing it could be calculated. For behavioral
events, we described the discrete incident, from which we determined the frequency of
occurrence. We recorded aggression toward infants ad libitum (Martin and Bateson, 1993).

We followed eachmother–infant dyad for 1 yr after the birth of the infant, yielding a total
of 717.2 observation hours (mean = 119.53 ± SE 1.82 h per dyad). We used the Kruskal–
Wallis test to analyze differences in mother–infant behaviors between difference infant ages
(SPSS 16.0). All tests were two-tailed and we set the level of significance at 0.05.

Our study complied with protocols approved by the State Forestry Administration
of China and adhered to the legal requirements of China.

Results

Nipple Contact and Physical Contact with Mothers

During their first day of life, infants spent the majority of their daylight time (95.3%) in
contact with their mother’s nipple. Mothers sometimes held the newborn’s head to
facilitate nursing. There was a significant difference in the percentage of time infants

Table II Mother–infant dyads ofRhinopithecus bieti observed at Xiangguqing fromFebruary 2010 toMarch 2011

Infant’s name Jiu Yao Lan Hong Lv Qiu

Sex Female Female Male Female Female Female

Birthdate (yy/mm/dd) 2010/2/9 2010/3/11 2010/3/11 2010/3/18 2010/3/10 2010/3/14

Mother’s name Jiumu Yaomu Lanmu Hongmu Lvmu Qiumu

Mother’s age Old Mid Young Mid Young Mid

Mother’s parity multiparous Multiparous Primiparous multiparous primiparous multiparous

Mother’s rank High Medium Medium Medium Low High

Unit YDH YDH YDH HC HC BL
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spent on nipple between different infant ages (Kruskal–Wallis test: χ2 = 33.437,P<0.001,
N = 12 mo; Fig. 1a). The infants spent 58.5% of their time on the nipple during their first

Table III Ethogram of mother–infant behavior in Rhinopithecus bieti

Behavior Definition Category

On nipple The infant has nipple in mouth. Behavioral state

On ventrum The infant on its mother’s ventrum, without
nipple in mouth.

Behavioral state

Exploring ventrum The infant crawls on its mother’s ventrum,
without nipple-seeking movements.

Behavioral state

Body Contact The infant is in contact with some portion of
its mother’s body, but not on her ventrum.

Behavioral state

Within an arm's length The infant is within an arm's length from its
mother but not in contact.

Behavioral state

Greater than an arm's length The infant is within 1 m from its mother
but more than an arm’s length.

Behavioral state

Greater than 1 m The infant is >1 m from its mother. Behavioral state

Forage The mother searches for or swallows food. Behavioral state

Move The mother travels >10 m and for >30 s. Behavioral state

Rest The mother sits on the ground or on a tree,
not engages in foraging.

Behavioral state

Carry The mother carries the infant when
she is moving.

Behavioral state

Groom The mother grooms the infant. Behavioral state

Restrain The mother prevents the infant from
moving out of contact with her.

Behavioral event

Reject The mother prevents the infant from
establishing or continuing nipple
contact or physical contact with her.

Behavioral event

Solicitation The mother glances at a male and runs
a short distance away, then prostrates
herself on a branch or on the ground.

Behavioral event

Copulation The mother is mounted by a male. Behavioral event

Explorative feed The infant handles and mouths food objects
in a playful manner, without swallowing.

Behavioral state

Infant feed The infant searches for, manipulates,
and swallows food objects.

Behavioral state

Social play The infant plays with peers. Behavioral state

Allogroom The infant grooms other individual. Behavioral state

Threat The infant threatens other individual
by staring or exposing teeth.

Behavioral event

Submission The infant crouches on the ground when
it is threatened or attacked.

Behavioral event

Infant sexual behavior The female infant glances at a male
and runs a short distance away, then prostrates
herself on a branch or on the ground.

Behavioral event

The female infant is mounted by a male.

The male infant mounts a female.

686 T. Li et al.



month of life, and the percentage decreased to 29.4% in the second month, then
remained relatively constant (23.8 ± 0.5%) for the next 10 mo. During their first year
of life, the infants always returned to their mother’s ventrum when resting and usually
kept a nipple in their mouth.

Infants remained on their mother’s ventrum and exhibited little movement during the
first day after birth. Newborns began to explore their mother’s body on the second day
while maintaining ventro-ventral contact. By d 3, infants became more active and
attempted to crawl on their mothers when the mother was sitting. The infants first broke
tight contact with their mothers at a mean age of 17 ± 2.1 d (range 8–22 d,N = 6). During
this time, infants could climb or jump only very short distances, and were always within
an arm’s reach of their mothers. The mean age at which infants started traveling more
than an arm’s reach from their mother was 39 ± 3.7 d (range 26–53 d, N = 6). Infants
began to walk clumsily during their second month of life. At 41 ± 3.0 d infants were first
observed to travel >1 m from their mothers (range 35–55 d, N = 6).

There was a significant difference in the percentage of time infants spent in contact
with the mother between different ages (χ2 = 56.189, P < 0.001, N = 12 mo, Fig. 1b).
In mo 1, the infants spent 93.4% of their time in contact with their mother, and the
percentage decreased to 24.9% in mo 12.

Maternal Carrying and Grooming

Mothers carried their infants exclusively in a ventro-ventral position. Although the
newborn infants could grasp the mother’s stomach hair with their hands and feet as
soon as they were born, mothers always supported their infants with one hand while

Fig. 1 Mean (± SE) percentage of time infant Rhinopithecus bieti spent (a) in nipple contact and (b) in
physical contact with their mothers from February 2010 to March 2011 at Xiangguqing in Yunnan, China.
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climbing, running, or jumping during their first week of life. As the infants devel-
oped, the mother’s support decreased and it ceased during the second month of life.
During the first month of life, mothers retrieved their infants when they began to
travel, but by mo 2 they started to leave the infants behind. From mo 8 onwards,
infants began to follow the group regularly on their own when the group moved. The
percentage of time an infant was carried by its mother when she moved showed
significant differences between infant ages (χ2 = 64.216, P < 0.001, N = 12 mo;
Fig. 2a). By 12 mo of age, infants were carried only 3.6% of the time. Nevertheless,
1-yr-old infants were still dependent on their mother’s carrying under conditions in
which mothers traveled long distances, when infants needed assistance in climbing
large trees, or the infants were attacked by group members.

Mothers began grooming their infants soon after birth. The relative amount of
maternal grooming, i.e., grooming time per time spent in contact, showed significant
differences between infant ages (χ2 = 36.781, P < 0.001, N = 12 mo; Fig. 2b).
Maternal grooming occurred infrequently in the first 7 mo; the percentage varied
from 1.9% to 5.1% among these months. From mo 8 to mo 12, the infants received
more grooming, and the percentage varied from 6.3% to 14.6%. Maternal grooming
directed by mothers toward their infants occurred only during resting, particularly
before the mothers fell asleep and after they woke up. Mothers groomed the infant’s
head, back and limbs when the infant had a nipple in its mouth, and mothers did not
use grooming to prevent nursing.

Fig. 2 Mean (± SE) percentage of time infant Rhinopithecus bieti were (a) carried by their mothers,
calculated as carrying time per time mothers were moving, and (b) groomed by their mothers, expressed as
a percentage of time spent in contact with the mother, from February 2010 to March 2011, Xiangguqing.
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We first observed infants groom themselves at mo 6, and autogrooming bouts from
mo 6 to mo 12 were very rare (only 11 cases) and of short duration (<30 s/event).

Maternal Restriction

We observed maternal restriction in the first 2 mo of the infant’s life when an infant
tried to break contact with its mother. All six infants experienced maternal restriction
during their first month of life (0.38 ± 0.12 events/h). In the second month, three of
the six infants were restricted by their mothers, and the frequency of maternal
restriction declined to 0.13 ± 0.07 events/h for these six infants. The mean age when
the infants were last seen being restricted was 28 ± 4.2 d (range 13–37 d, N = 6).
When infants were 3 mo old, the mothers allowed them to move away freely, but
would still pick them up if other members alarm called or attacked the infants.

Maternal Rejection and Mother’s Reproductive Behaviors

We first observed maternal rejection when the infants were 2 mo old (Fig. 3).
Rejection frequencies were very low from mo 2 to 7, which varied from 0.04 to
0.22 events/h. The infants received more rejection in the subsequent 5 mo, and the
frequency varied from 0.25 to 0.86 events/h. Rejection peaked when the six infants
were 10 mo old (mean = 0.86 events/h).

We recorded 272 cases of rejection. In 53% of cases, mothers turned around or left
the infants, resulting in a loss of nipple contact or physical contact. In 41% of cases
mothers pushed the infants away. Mothers gently hit or nibbled the infants on the
head in only 6% of cases. Most rejection events occurred when the mothers were
feeding or began to forage (62%), 27% occurred during resting, and 11% occurred
when mothers were moving. We first observed “tantrum” behavior at the age of 5 mo.
The infant screamed loudly while jumping and jerking its head suddenly. We
observed 11 cases of such behavior, and in 6 cases, the mothers responded by
allowing the infants to suckle.

Mothers started to solicit adult males and copulate when infants were 8 mo old.
Eight of 15 sexual solicitations resulted in copulation. On one occasion a mother
carried her infant when she copulated with the adult male in her OMU.

Fig. 3 Mean (± SE) frequency of maternal rejection in Rhinopithecus bieti from February 2010 to March
2011, Xiangguqing.
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Mouthing and Feeding

In their first month after birth, infants handled and mouthed objects like leaves or
twigs but did not eat them. The mean age when we first observed the infants
swallowing solid food was at 98 ± 13.2 d (range 60–143 d, N = 6). Infants often
tried to grab food from their mothers or other nearby conspecifics, with the exception
of the dominant male in their OMU. The percentage of time infants spent feeding
showed significant differences between infant ages (χ2 = 64.010, P < 0.001, N = 6;
Fig. 4a), reaching 25.0% in mo 8, and peaked in mo 12, when the infants spent 29%
of their time feeding.

Social Behavior

We first observed social playing when infants were aged 81 ± 13.9 d (range 29–118 d,
N = 6) (Fig. 4b). Infants sought other infants and juveniles as playmates, but never
played with adults. Social play included wrestling, mock-biting, and chasing. The
percentage of time infants spent in playing showed significant differences between

Fig. 4 Mean (± SE) percentage of time infants of Rhinopithecus bieti spent (a) feeding and (b) social
playing from February 2010 to March 2011, Xiangguqing.
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infant ages (χ2 = 33.236, P < 0.001, N = 12 mo). Time spent in social play increased
over time, from a low of <1% in mo 1 to a maximum of 15% in mo 12.

We first observed allogrooming by infants when infants were 5 mo old. Grooming
by infants was rare and hasty (<1 min/event). We did not observe threat, submission,
or sexual behavior in infants.

We observed no direct threats or attacks on infants before the age of 8 mo. From
mo 8 to mo 12, we recorded three threats and eight cases of infant aggression from
other OMU members. On six occasions an infant was gently hit or bitten when it tried
to grab food from subadult females or non-mother adult females. Only the male infant
was attacked by the adult male from its OMU. The infant approached the male closely
while the male was foraging. The male grasped the infant’s head and the infant
screamed loudly. The mother retrieved the infant immediately. Other females in the
OMU gathered round and screamed at the adult male. We also noted three cases of
infants being threatened by non-OMU members, once by a subadult male from the
AMU, while the other two cases involved adult males from other OMUs. None of the
six infants were injured during these aggressions.

Discussion

Newborn Rhinopithecus bieti were dependent on their mothers for nutrition, travel,
hygiene, and safety. We compared the infant behavioral development of
Rhinopithecus bieti with several representative species of Asian colobines and
cercopithecines for which the relevant data were available and comparable (Table I)
and found the infant behavior patterns in the first 12 mo after birth of Rhinopithecus
bieti were similar to those of R. roxellana. Unlike infant Macaca mulatta, neither
Rhinopithecus bieti nor R. roxellana (Li et al. 2005) show mounting, presenting,
threating, and submission during their first year of life (Hinde and Spencer-Booth
1967). This suggests that social behaviors develop more quickly in Macaca mulatta
than in Rhinopithecus. However, as infant sex influences maternal behavior and
infant behavioral development in other primate species (Bercovitch 2002; Mithchell
1979), and our data set included only one male infant of Rhinopithecus bieti, future
studies should include more male infant subjects. Further, the provisioning food of
our focal group might have potential influences on infant development, so investi-
gation of a wild troop of Rhinopithecus bieti on this subject is still needed.

Drawing on studies of maternal styles in cercopithecines, we predicted that the
egalitarianism with low risk of intragroup aggression in Rhinopithecus bieti would
predispose mothers to low levels of protectiveness to their infants compared with
Macaca mulatta. Maternal restriction of Macaca mulatta peaked at the end of the first
month (5 events/h) (Berman 1980) and could last for >10mo (Hinde and Spencer-Booth
1967). In our study, mothers of Rhinopithecus bieti showed restrictive behavior to their
infant only in the first 2 mo after birth, and the frequency was much lower than in
Macaca mulatta, consistent with our hypothesis. Maternal restriction in the first 2 mo
might serve to ensure infant’s safety, when the risk of injury and accident is high.
Newborn Rhinopithecus bieti are extremely vulnerable, as exemplified by a case in 2010
when a newborn infant died after accidentally falling off a tree (personal observation).
We observed no severe attacks on infants during the study period and mothers were
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more permissive after the infants were 3 mo old. However, the mothers protected their
infants immediately whenever danger occurred in the first year after birth.

Protective behaviors (nipple contact, physical contact, and carrying) declined with
infant age except for maternal grooming. Because most maternal grooming occurred
during resting and it was not used to reject suckling attempts, we suggest that the
increased maternal grooming frequency from mo 8 to mo 12 is for hygiene reasons.
The infants were feeding and playing but their autogrooming skills were not yet fully
developed. Maternal grooming could ensure good hygiene of the infants and prevent
parasitic infection (Dunbar 1991). Allogrooming also leads to higher levels of β-
endorphins in the brain, which could give the infants a sense of comfort and well-
being (Keverne et al. 1989), so it is also possible that maternal grooming has some
psychological function during infant development.

Mothers of Rhinopithecus bieti were more permissive than mothers of Macaca
mulatta, in which maternal rejection began as early as wk 1 and increased during the
infant’s first year of life (1–3 events/h) (Berman 1980; Hinde and Spencer-Booth 1967).
Maternal rejections are thought to facilitate infant independence (Nicolson 1987), so that
the infant would not obstruct the mother’s future reproduction (Trivers 1974). We
observed sexual behavior in mothers of Rhinopithecus bieti when the infants were 8 mo
old, andmothers also rejected infant proximity more than in the first 7 mo, which seems to
be consistent with the mother–infant conflict hypothesis. However, because the interbirth
interval (IBI) of female Rhinopithecus bieti is ca. 2 yr (Cui et al. 2006), and none of these
six mothers conceived in 2011, we doubt whether the mothers rejected their infants in this
period in an attempt to save energy for future reproduction. Most maternal rejections
occurred when the mothers were feeding, the activity most likely to be disrupted by the
presence of an infant, which partly supports the timing hypothesis. In addition, neither
nipple time nor physical contact declined rapidly when maternal rejection increased at mo
8, suggesting that nipple and physical contact was not the source of the mother–infant
conflict. Owing to limited visibility, we could not distinguish between sucking the nipple
and just holding it, so time on nipple contact does not represent the amount of milk
transfer (Cameron 1998; Cameron et al. 1999). However, based on the IBI of
Rhinopithecus bieti, we can infer that maternal investment remains elevated despite the
mother’s resumed copulation in mo 8, and maternal rejection increased from mo 8 to mo
12. The infants were not weaned by the end of their first year, and juveniles at the age of 3
still hold their mother’s nipple occasionally (unpubl. obs.). Mothers ofRhinopithecus bieti
appeared to tolerate nursing if it did not hinder their activities. A similar behavior pattern
was also found in Trachyithecus johnii (Poirier 1968), in which mild maternal rejection
initially increased rather than decreased dependent behavior in infants, and although most
infants were weaned at around 12 mo, juveniles >1 yr old often retained strong ties with
their mothers and had a nipple in their mouth while resting and sleeping.We conclude that
maternal rejection plays only a marginal role in infant independence during the first year
in Rhinopithecus bieti.

Our data suggest the mothering style of Rhinopithecus bieti can be characterized as
relaxed. Maternal protectiveness was not high and maternal restriction was limited.
Infant Rhinopithecus bieti were still dependent on their mothers at the end of the first
year of life, and maternal rejection did not play a major role in promoting infant
independence during this period. Future studies should include additional subjects,
particularly male infants.
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