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ABSTRACT
The present study investigated how the maternal dominance status influences the mother-infant
relationship and the interaction of females other than the mother with the group infants in captive
stump-tailed macaques (Macaca arctoides). Nine infants were born into the group; observations
were made on these infants during their first six months of life using all occurrences sampling.
Eleven measures of mother-infant interaction were used for analyses: total time in contact, on
nipple contact, off nipple contact, total time off contact, less than 3 feet away (touching distance),
more than 3 feet away (beyond touching distance), total contact broken, leaves by mother, leaves
by infant, approach by mother, approach by infant. Although the general course of development of
the mother-infant relationship was similar in all mother-infant pairs, there were marked differences in regulation of mother-infant contact based on the maternal dominance status. Infants of
more dominant females tend to be more secure and have greater freedom of movement within the
group. High-ranking stump-tailed macaque mothers carried their offspring less than lower-ranking
females. Infants born to dominant female were found to receive significantly more care contact
than the infants of sub-ordinate female. The present study strongly indicated that maternal dominance status was a factor that shaped the nature of stump-tailed infants with group members.
Key words: Allomothering; mother-infant relationship; stump-tailed macaques; subordinate.

INTRODUCTION
Primate infants are born dependent on their
mother1 and mothers may play a role throughout
their offspring’s lives.2 In the process of interacCorresponding author: Zothansiama
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tions with mother, infants gradually achieve independence, and develop appropriate social
skills with the peer on receiving stimulus from
the environment.3 Mother not only plays an active role in promoting the infant`s independence
but also regulates own interactions with the
other infant and with other members of the
group.4,5 Although general course of development of mother-infant relationship is extremely
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steady across the species, individual motherinfant relationship varies substantially within
groups.6,7 Inter-individual differences in motherinfant interactions among non-human primates
can often be described in terms of particular
qualities of relationship8 that is generally based
on the identification of differences in one or
more measures of mother-infant interaction between individual mother-infant pairs. The measures are typically those concerned with the regulation of contact and proximity between mothers
and infants. Consistency at the level of individual mother-infant pairs appears to be common
among Cercopithecines.9,10
Macaques are particularly valuable for investigating the relationship between social organizations and mothering behaviour. Considerable
differences in social organization between macaques species, in particular with reference to
patterns of aggression and affiliation, social cohesiveness, and kin-oriented behaviour have
been documented.11-16 Difference in social organization has been found to be accompanied
by difference in mothering style, with particular
reference to maternal tolerance of interactions
between infants and other individuals.11,17 The
direct comparisons of mother-infant relationship
between rhesus macaques (Macaca mulatta), pigtailed macaques (M. nemestrina), and stumptailed macaques (M. arctoides) showed that the
three species were similar in the general course
of development of the mother-infant relationship. However, there were marked differences in
regulation of mother-infant contact and proximity, and in the frequencies of grooming and
scratching. Stump-tailed macaques’ mothers
were reported to show little or no restraining
and rejection of their infants and less engaged in
controlling their infants` behaviour than both
pig-tailed macaques and rhesus macaques.18
Non-mother females play important role in
allomothering in certain primates.19 Small had
discussed the relationship between non-mother
and infant widely in genus Macaca and recorded
permissive mothering with infant transfer in
some species while in other the infant rarely
comes in contact with other adult females of the

group.20 The interest of males and of females
other than the mothers in interacting with infants in macaque groups has been reported
quantitatively for species such as M. mulatta,4,21
M. fuscata,22,23 M. radiate11 and M. sylvanus.24,25Allomothering in stump-tailed macaques has been reported in certain studies 26-28
where it has been identified as key social adaptation that characterizes the group.
Quantitative information on mother-infant
relationship in stump-tailed macaques is very
limited.18,29 Since it is very important to understand what influences the mother-infant relationship and how it influences the behaviour
and life history of offspring, the present study
aims to investigate how maternal dominance
status influences the mother-infant relationship
and allomothering. The knowledge of what influences mother-infant relationships in stumptailed macaques may help planning conservation and breeding programs.

MATERIALS

AND

METHODS

Subjects and data collection
The study was conducted on a group of captive stump-tailed macaques in the Aizawl Zoological Park, India. During the study period
(January, 2009 to December, 2011), 9 infants
born to 7 different mothers (Table 1). Thus,
mother-infant relationship was studied on 9
mother-infant pairs. However, interaction between Neo-3 and her mother was not included
in the analysis as the mother-infant pair was
kept in isolation. Other members of the group
include 4 adult males, 2 adult females, 3 juvenile
males and 1 juvenile female. The monkeys were
housed in an enclosure with 2 indoor rooms and
1 outdoor enclosure covering 850 m2. Individuals of the study group could be readily observed
at all times. Stump-tailed macaque females do
not always form linear hierarchy, making it impossible to assign dominance rankings to females. Accordingly, dominance index was calculated based on the direction of aggressive and
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Table 1. Different mother-infant pairs of the study
group.
Name of
infant

Sex

Name
of
mother

Maternal
status

Birth date

Neo 1

Male

Nutei

Subordinate

9.6.2009

Neo 2

Female

Hnupi

Dominant

16.6.2009

Neo 3

Female

Rani

Subordinate

25.7.2010

Male

Dali

Subordinate

9.2.2011

Dominant

21.3.2011

Neo 4
Neo 5

Female Buangi

Neo 6

Male

Seni

Subordinate

21.3.2011

Neo 7

Male

Nutei

Subordinate

2.6.2011

Neo 8

Male

Hnupi

Dominant

10.6.2011

Neo 9

Female

Mci

Subordinate

6.7.2011

submissive behaviours between all possible
paired combinations of females within the
group30 which represent the relative dominance
status of each female. Two females maintaining
top hierarchy among the adult females were assigned dominant females while the remaining
females were assigned subordinate females.
Behavioural data were collected with all occurrences sampling31 from the day after the birth
of an infant. Each mother-infant pair was focally
observed in 4 weekly 60 min observation sessions for the first 6 months of infant life. Observation was also recorded for the social interactions between non-mother females and the
group infants. Eleven measures of mother-infant
interaction were used for analysis: total time in
contact, on nipple contact, off nipple contact,
total time off contact, less than 3 feet away
(touching distance), more than 3 feet away
(beyond touching distance), total contact broken, leaves by mother, leaves by infant, approach by mother, approach by infant. Total
time in contact is the percentage of observation
time the mother-infant pair spent in contact. On
nipple contact was defined as movements that
resulted in nipple contact whereas off nipple
contact was any movement that resulted in any
other body contact between mother and infant
except the nipple contact. Approaches were de-
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fined as movement that brought the actor
(mother or infant) within about 60 cm of the
recipient (infant or mother) without making contact for at least 5 seconds. Leaves were defined
as movements that caused an increase in distance from less than 60 cm to more than 60 cm
between mother and infant. Leaves were recorded only if the mother-infant pair was within
60 cm proximity without body contact.18

Data analyses
The pair-wise variations on mother-infant
relationships between infants born to mother of
different dominance status was determine using
Mann-Whitney test. Kruskal-Wallis test was
performed to examine the variations on motherinfant relationships on a group of infants born to
different mothers. Kolmogorov-Smirnov test
was performed to determine the influence of
maternal dominance status on the amount of
care contact received by the infants from nonmother females. For all the tests, the significant
level was set at 0.05 and analyses were done
using SPSS 17.0.

RESULTS
A total of 864 hr of observation (96 hr for
each mother-infant pair) were collected. MannWhitney pair-wise comparison between male
infants (Neo-1, Neo-4, Neo-6, Neo-7 and Neo-8)
born to females of different dominance status
strongly supports the existence of maternal
dominance influences on mother-infant relationship. Male infant (Neo-8) born to dominant
mother was found to showed significantly more
total time off contact, total contact broken, leave
by infant, approach by infant and time spent >3
feet away from mother than the male infants
(Neo-1, Neo-4, Neo-6 and Neo-7) born to subordinate mothers. Conversely, the total time in
contact and time off nipple contact were significantly higher for male infants born to subordinate mothers (Table 2). Female infants (Neo-2
and Neo-5) born to dominant mothers were
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Table 2. Pair-wise comparisons of mother-infant relationship between Neo-8 & Neo-1, Neo-8 & Neo-4, Neo-8 &
Neo-6, Neo-8 & Neo-7 (Male infants born to females of different dominance status)

found to show earlier independence than female
infant (Neo-9) of subordinate mother where certain measures of mother-infant interactions were
significantly higher for the female infants of
dominant mothers (Table 3). Furthermore, there
was no significant variation on the measures of
mother-infant interactions among the male infants born to subordinate mothers (Table 4).
The most frequent care contact received from
non-mother females was grooming (60.6%) followed by touch-hand (17.5%), sitting-touching
(15.5%) and genital manipulation (6.7%). Infants born to dominant mothers were found to
receive significantly more care contact than the
infants of subordinate mothers (KolmogorovSmirnov test: Z= 1.732, p=0.005).

DISCUSSION
Studies conducted in captivity and in the
wild have shown that monkeys mothers adjust
their behaviour according to effects of sociodemographic factors such as their age and experience, dominance rank, aggression received
by themselves and their infants, sex of the infant, and size and composition of their family. 3236
Although the general course of development
of the mother-infant relationship was similar in
all mother-infant pairs, there were marked differences in regulation of mother-infant contact
based on the maternal dominance status.
Although no single unifying concept has
been found to explain all primate sociality, it
seems clear that at least in certain species, dominance status has social significance.37 There are
different ways how mother’s social status can
influence her infant. The most direct impact is
connected with food quality. It is known that
higher-ranking females have access to better
food, which may influence the quality of
mother’s milk and therefore infant nutrition.38-40
Female’s social status may also impact the nutrition and growth of older, independent offspring,
because of feeding in the proximity to the

mother.41 High-ranking mothers have shorter
inter-birth intervals than low-ranking mothers,
no matter the gender of the previous offspring. 42
In the present study, infants of dominant females tend to be more secure and have greater
freedom of movement within the group. They
have less dependent on their mothers and even
have more varied and greater experience than
infants of subordinate females. Thus, maternal
dominance status could be considered as an important factor in the ontogenetic development of
social behaviour, even before the mother begins
to support the infant in agonistic encounters.
Male infant born to dominant mother showed
the highest frequencies of total time off contact,
number of total contact broken, leaves by infant,
approach by infant and also spent significantly
more time >3 feet away from mother as compared to infants of any sex born to subordinate
mothers. These results suggest that social status
of mother strongly influenced the pattern of
mother-infant relationship and eventually lead
to earlier independence of infants.
Allomothering is the act of an individual different from the mother holding the infant such
as infant handling, play-mothering and babysitting.2,43 There are several hypotheses and reasons why allomothering occurs in mammals. It
may be due to kin selection, so individuals enhance their inclusive fitness through helping related mothers to raise their offspring. However,
this does not explain infant handling among primates, because they allomother infants from
other families also.2,38,44 In primates it is likely
that natural selection has favored this action to
improve one’s parenting skills, for example
among blue monkeys (Cercopithercusmittis), the
nulliparous females are the most active handlers.45 Furthermore, it is shown for vervet monkeys (Chlorocebus sp.) that the females, who are
more interested in infants as juveniles, are more
likely to be successful in rearing the first liveborn infant.38,44,46,47 It is also suggested that babysitting may have a function in promoting the
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Table 2. Pair-wise comparisons of mother-infant relationship between Neo-8 & Neo-1, Neo-8 & Neo-4, Neo-8 &
Neo-6, Neo-8 & Neo-7 (Male infants born to females of different dominance status)
Sl.
No.

Neo 8 & Neo 1

Activities

Neo 8 & Neo 4

Neo 8 & Neo 6

Neo 8 & Neo 7

U

p

U

p

U

p

U

p

1

Total time in contact

68.00

0.023*

64.00

0.015*

64.00

0.015*

68.00

0.023*

2

Time on nipple

80.00

0.068

80.00

0.068

96.00

0.224

80.00

0.068

3

Time off nipple

64.00

0.015*

48.00

0.002*

64.00

0.015*

64.00

0.015*

4

Total time off contact

64.00

0.015*

64.00

0.015*

64.00

0.015*

64.00

0.015*

5

Time spent < 3 F away

96.00

0.224

112.00

0.544

96.00

0.224

80.00

0.068

6

Time spent > 3 F away

64.00

0.015*

64.00

0.015*

64.00

0.015*

64.00

0.015*

7

Leave by mother

112.00

0.531

112.00

0.531

112.00

0.531

112.00

0.486

8

Leave by infant

64.00

0.015*

64.00

0.015*

64.00

0.015*

48.00

0.002*

9

Total contact broken

64.00

0.015*

64.00

0.015*

64.00

0.015*

64.00

0.015*

10 Approached by mother

96.00

0.210

88.00

0.117

80.00

0.060

96.00

0.219

11 Approached by infant

24.00

0.001*

32.00

0.001*

40.00

0.001*

32.00

0.001*

Table 3. Pair-wise comparisons of mother-infant relationship between Neo-9 & Neo-2, Neo-9 & Neo-5
(Female infants born to mothers of different dominance status)
Sl.
No.

Activities

Neo-9 & Neo2
U

p

60.00

0.01*

Neo-9 &
Neo-5
U

p

Table 4. Comparisons of mother-infant relationship
among males born to subordinate mother.
Sl.
No.

Activities

Neo - 1, 4, 6 & 7
χ

2

p

1

Total time in contact

0.116

0.99

2

Time on nipple

0.162

0.98

0.068 128.00 1.000

3

Time off nipple

0.093

0.99

Time off
48.00 0.002* 64.00 0.015*
nipple
4 Total time off
64.00 0.015* 64.00 0.015*
contact
5 Time spent< 3 56.00 0.006* 120.00 0.760
F away
6 Time spent > 3 48.00 0.002* 72.00 0.032*
F away
7 Leave by
112.00 0.506 112.00 0.506
mother
8 Leave by
0.00 0.001* 0.00 0.001*
infant
9 Total contact
8.00 0.001* 0.00 0.001*
broken
10 Approached
80.00 0.060 120.00 0.754
by mother
11 Approached
0.00 0.001* 0.00 0.001*
by infant

4

Total time off contact

0.148

0.93

5

Time spent< 3 F away

1.911

0.59

6

Time spent > 3 F away

1.185

0.75

7

Leave by mother

0.162

0.98

8

Leave by infant

1.213

0.75

9

Total contact broken

1
2
3

51

Total time in
contact
Time on nipple

80.00

72.00 0.034*

1.175

0.75

10 Approached by mother

2.056

0.56

11 Approached by infant

5.33

0.14
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socialization of the infant.45 For non-human primates, the most likely explanation is the responsiveness theory,47 which states that female primates are strongly attracted to all infants to
make better mothers, because the more responsive the mother is, the higher chance that she
reacts to her offspring’s needs.44,47,48 The amount
of social contact and grooming received were
significantly higher for infants born to dominant
mothers than infants born to subordinate mothers. Grooming of infants seems to be an important conditioner for social cohesion. The grooming of infants permitted low ranking monkeys to
interact safely with more dominant ones. The
present study also strongly indicated that maternal dominance status was a factor that shaped
the nature of the interactions of the stump-tailed
infants with group members.

ACKNOWLEDGEMENT
The authors are thankful to the University
Grants Commission, Government of India, for
providing financial support. We thank the Chief
Wildlife Warden, Department of Environment
and Forest, Government of Mizoram for authorizing and supporting our research. We thankfully acknowledge the academic and infrastructure support extended by the department of Zoology, Mizoram University, India.

REFERENCES
1. Strier KB (2007). Primate Behavioral Ecology. Allyn and Bacon, Boston.
2. Hrdy SB (1999). Mother Nature: A History of Mothers, Infants,
and Natural Selection. Random House, New York.
3. Harlow HF & Harlow MK (1965). The affectional systems. In: Behavior of Nonhuman Primates (AM Schrier, HF
Harlow & F Stollnitz, eds), Vol. 2. Academic Press, New
York, pp. 287–334.
4. Hinde RA & Spencer-Booth Y (1967). The behaviour of
socially-living rhesus monkeys in their first two and a half
years. Anim Behav, 15, 169–196.
5. Jensen GD, Bobbitt RA & Gordon BN (1967). The development of mutual independence in mother-infant
pigtailed monkeys (Macaca nemestrina). In: Social Communication Among Primates (SA Altmann, eds). University of Chi-

cago Press, Chicago, pp. 43–53.
6. Altmann J (1980). Baboon Mothers and Infants. Cambridge:
Harvard University Press.
7. Dunbar RIM (1988). Primate Social Systems. Ithaca, New
York, Comstock Publishing Associates. Croom Helm
Limited. pp. 251–253.
8. Hinde RA & Simpson MJA (1975). Qualities of motherinfant relationships in monkeys. Ciba Foundation Symposium, 33, 39–67.
9. Berman CM (1982). The ontogeny of social relationships
with group companions among free ranging infant rhesus
monkeys I. Social Networks and differentiation. Anim
Behav, 30, 149–162.
10. Simpson AE & Simpson MJA (1986). The emergence and
maintenance of inter dyad differences in the motherinfant relationships of rhesus macaques: A correlational
study. Int J Primatol, 7, 379–399.
11. Rosenblum LA & Kaufman IC (1967). Laboratory observations of early mother-infant relations in pigtail and
bonnett macaques. In: Social Communication Among Primates
(SA Altmann, eds), University of Chicago Press, Chicago,
pp. 33–41.
12. Wade TD (1979). Inbreeding, kin selection and primate
social evolution. Primates, 20, 355–370.
13. Thierry B (1985a). Patterns of agonistic interactions in
three species of macaque (Macaca mulatta, M. fascicularis, M.
tonkeana). Aggress Behav, 11, 223–233.
14. Caldecott JO (1986). Mating patterns, societies and ecography of macaques. Anim Behav, 34, 208–220.
15. de Waal FBM (1989). Dominance style and primate social
organization. In: Comparative Socioecology (V Standen & R
Foley, eds), Blackwell Oxford, pp. 243–263.
16. Thierry B (1990). Feedback loop between kinship and
dominance. The macaque model. J Theor Biol, 145, 511–
521.
17. Thierry B (1985b). Social development in three species of
macaque (Macaca mulatta, M. fascicularis, M. tonkeana): A
preliminary report on the first ten weeks of life. Behav
Process, 11, 89–95.
18. Maestripieri D (1994). Mother-infant relationships in
three species of macaques (Macaca mulatta, M. nemestrina,
M. arctoides). I. Development of the mother-infant relationship inthe first three months. Behaviour, 131, 75–96.
19. Emlen ST (1991). The evolution of cooperative breeding
in birds and mammals. In: Behavioural Ecology: An Evolutionary Approaches (J Krebs & N Davies, eds), Blackwell
Scientific, Oxford, pp. 301–337.
20. Small M (1990). Alloparental behaviour in Barbary macaques, Macaca sylvanus. Anim Behav, 39, 297–306.
21. Spencer-Booth Y (1968). The behaviour of group com-

52

Influence of maternal dominance on mother-infant relationship
panions toward rhesus monkey infants. Anim Behav, 16,
541–557.

RW Wrangham & TT Struhsaker, eds), University of
Chicago Press, Chicago, pp. 330–342.

22. Itani J (1959). Paternal care in the wild Japanese monkey,
Macaca fuscata. Primates, 2, 61-93.

36. Nicolson NA (1991). Maternal behavior in human and
nonhuman primates. In: Understanding Behavior: What Primates Studies Tell Us About Human Behavior (JD Loy & CB
Peters, eds), Oxford University Press, Oxford, pp. 17–50.

23. Alexander BK (1978). Parental behavior of adult male
Japanese monkeys. Behaviour, 36, 270–285.
24. Deag JM & Crook JH (1971). Social behavior and agonistic buffering in the wild barbary macaque, Maeaeasylvanus.
Folia Primatol, 15, 183–200.
25. Burton F (1972). The integration of biology and behavior
in the socialization of Macaea sylvan of Gibraltar. In: Primate Socialization (FE Poirier, eds), Random House, New
York, pp. 29–62.
26. Bertrand M (1969). The Behavioral Repertoire of the stumptail
Macaques: A Descriptive and Comparative Study. Bibliography
Primatology, S. Kager, Basel, New York, pp. 178–203.
27. Gouzoules H (1975). Maternal Rank and Early Social
Interactions of Infant Stumptail Macaques (Macaca arctoides). Primates, 16, 405–418.
28. Estrada A & Estrada R (1984). Female-infant interactions
among free-ranging stumptail macaques (Macaca arctoides).
Primates, 25, 48–61.
29. Rhine RJ & Hendy-Neely H (1978). Social development
of stumptail macaques (Macaca arctoides): Synchrony of
changes in mother-infants interactions and individual
behavior during the first 60 days of life. Primates, 19, 681–
692.
30. Zumpe D & Michael RP (1986). Dominance index: A
simple measure of relative dominance status in primates.
Am J Primatol, 10, 291–300.
31. Altmann J (1974). Observational study of behavior: Sampling methods. Behaviour, 49, 227– 267.
32. Nash LT & Wheeler RL (1982). Mother-Infant relationships in non-human primates. In: Child Nurturance (HE
Fitzgerald, SA Mullins & P Gage, eds), Plenum Press,
New York, pp. 21–61.
33. Berman CM (1984). Variation in mother-infant relationships: Traditional and nontraditional factors. In: Female
Primates: Studies by Women Primatologists (M Small, eds),
Alan R Liss, New York, pp. 17–36.
34. Higley JD & Suomi SJ (1986). Parental behaviour in nonhuman primates. In: Parental Behaviour (W Sluckin & M
Herbert, eds), Basil Blackwell. Oxford, pp. 152–207.
35. Nicolson NA (1987). Infants, mothers and other females.
In: Primate Societies (BB Smuts, DL Cheney, RM Seyfarth,

53

37. Bernstein IS (1970). Primates status hierarchies. In: Primate Behavior: Development in Field and Laboratory Research
(LA Rosenblum, eds), Vol. 1, Academic Press, New York.
38. Maestripieri D (2007). Macachiavellian intelligence. The University of Chicago Press, Chicago and London.
39. Chancellor RL & Isbell LA (2009). Food site residence
time and female competitive relationships in wild graycheeked mangabeys (Lophocebusalbigena). Behav Ecol Sociobiol, 63, 1447–1458.
40. Hinde K, Power ML & Oftedal OT (2009). Rhesus macaque milk: Magnitude, sources, and consequences of
individual variation over lactation. Am J Phys Anthropol,
138, 148–157.
41. Janson CH (1985). Aggressive competition and individual
food consumption in wild brown capuchin monkeys
(Cebus apella). Behav Ecol Sociobiol, 18, 125–138.
42. Brown GR (2001). Sex-biased investment in nonhuman
primates: can Trivers and Willard’s theory be tested? Anim
Behav, 61, 683–694.
43. Bentley-Condit V, Moore T & Smith EO (2001). Analysis
of infant handling and the effects of female rank among
Tana River adult female yellow baboons (Papio cynocephalus
cynocephalus) using permutation/randomization tests. Am J
Primatol, 55, 117-130.
44. Silk JB (1999). Why are infants so attractive to others?
The form and function of infant handling in bonnet macaques. Anim Behav, 57, 1021–1032.
45. Förster S & Cords M (2005). Socialization of infant blue
monkeys (Cercopithecus mitisstuhlmanni): allomaternal interactions and sex differences. Behaviour, 142, 869–896.
46. Fairbanks LA (1990). Reciprocal benefits of allomothering for female vervet monkeys. Anim Behav, 40, 553–562.
47. Silk JB, Rendall D, Cheneyà DL & Seyfarth RM (2003).
Natal attraction in adult female baboons (Papio cynocephalus
ursinus) in the Moremi Reserve, Botswana. Ethology, 109,
627–644.
48. Maestripieri D (2001). Is there mother-infant bonding in
primates? Dev Rev, 21, 93–120.

