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SUMMARY
Part of the weaning process of young captive rhesus monkeys (Macaca mulatta) was
studied during the weeks preceding the onset of the annual ma ting season of autumn-winter.
The delay in the emancipation of the youngest infant and this of the infants of subordinate
mothers was most conspicuous in the beginning of the study period. Even though the maximal age difference between the infa nts was relatively large, only slight differences between
their degrees of independence remained at the end of the study period. The results suggest
that the mothers accelerate the emancipation of their late infants as the following mating
season approaches. This catch ing up phenomenon could have an adaptive value for the
mothers.
Key-words : primatology, Macaca mulatta, weaning.

INTRODUCTION
The relationshjp between a rhesus monkey (Macaca mulatta) mother and her
infant changes markedly in the weeks and mo nths fo ll owing birth (in captivity :
DŒNSKE and M ETZ, 1977; SIMPSON et al. , 1986; on Cayo Santiago: BERMAN, 1980 ;
in India and Nepal : JOHNSON and So uTHWlCK, 1984). lt was possible to bui ld up
a picture of this relationship by analysing the type, the quality and the pattern of
interactions that take place between them (HINDE, 1976). A certain consistency in
the graduai nature of the development of the mother-infant relationship does
appear (HIN DE and SPENCER-BOOTH, 1967). Nevertheless it became clear that
various factors may induce differences in mother-infant rclationships (SIMPSON and
HowE, 1980). Sorne of them result from the individual properties of the mothers
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and infants themselves. For example: the sex of the infant, the status and seniority
of the mother in the colony, the number of infants the mother had before and the
characteristics of infant or mother (BERMAN, 1980; HINDE and HERRMANN, 1977;
HOOLEY and SIMPSON, 1981 ; TARTABINI and SIMPSON, 1986; STEVENSON-HINDE and
SIMPSON, 1981 ; SEAY, 1971; WHITE and HINDE, 1975). ûther differences are determined by social factors as the group composition, the presence of playmates or of
o~her females coveting the infant (DE JONGE et al., 1981 ; SIMPSON and HowE, 1986 ;
SPENCER-BOOTH, 1968). Of course these factors may interact in a complicated way.
In this study, we analysed the influence of the dominant versus subordinate status
of the mother on the development of rhesus mother-infant interaction. During the
weaning period the developing organism must make the major transition from a
state of complete dependence on parental care to one of independence. The concept
of weaning is of central importance in the study of behavioural development.
However it is still a term with many shades of meaning (MARTIN. 1984). It may
sometimes retain its narrow reference to nutritional self-sufficiency from mother's
milk and self-sufficiency that is imposed rather than voluntary (ALTMANN, 1980).
In this restricted sense it refers to a relatively brief preriod during mammalian
ontogeny. However, in a broad sense the word weaning covers the whole process
of loosening the mother-infant bond, resulting in an independent adult existence
(COLLINGE, 1987). This constitutes a major transformation which may span an
extensive period in ontogeny (GALEF, 1981). Here, we use the term weaning in a
broad sense and chose to study an area of this last aspect, expressed in sorne weaning-related behaviour of both mothers and infants. We think it is also important
to regard weaning as part of the whole reproductive strategy and not only as an
isolated process of ontogeny. Rhesus monkeys , as many other primates, are considered as seasonally polyoestrous as conception occurs only in pa rticular seasons
during which females cycle again, if they do not conceive a t once (RICHARD, 1985).
In practice, seasonal acyclicity may often be difficult to distinguish from postpartum amenorrhea, but the two have quite different implications for the interbirth
interval. Fo.r example, after the death of their suckling infant non-seasona l primates
exhibiting a postpartum amenorrhea begin to cycle again shortly after the infant's
death (as for Presbitys ente/lus : see HRDY, 1980, or for Papio cynocephalus: see
ALTMANN, 1980). Females that are seasonally polyoestrous do not resume their
cycle before the next ma ting season. In the long run it is the timing of gestation
and lactation, not the sexual cycle as such, that is important for reproductive success. In seaso nally breeding primates the interbirth interva l depends on the number
of months in the year during which a female can cycle and conceive.
The present study bears on a colony that has one mating season per year, lasting
from autumn through winter, like the wild rhesus monkeys of North India
(LINDBURG, 197 1).
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MATERIAL AND METHODS

Material
Eight mother-infant pairs, living in four social groups were studied. Six infants
were females, two males . At the beginning of the study the youngest infant was
7 weeks, the oldest 18 weeks (Fig. 1). Each group consisted of five to eight
individuals including two mothers with their infants.
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The ages of the infants durin g the observation peri od.
Infants of

• dominant mother :
Sophie ' 06.04.82
Felix ' 27.06 .8 2
Erica ' 27 .05 .82
Mela nie ' 16.06.8 2

pen
1
2
3

4

o subo rdinate mother :
Trevor ' 13.05.82
Gayle ' 31.05 .82
Yoko ' 13.05.82
Yvette ' 12.06.82

T he com positio n o f the groups d id not change during the study period . Each of
them inha bited a n outdoor pen (fl oor : 8 x 3 rn, height : 4 rn) communicating with
a n indoor roo m (fl oor : 2.5 x 1. 5 rn, height : 2 rn). Indoor temperatures were kept
above 13oC. Members of one group could he~r, see and smell those of the other
groups, but could not make physical contact. Every morning, monkey pellets,
peanuts and sunflower seeds were distributed on the floor. The monkeys
immediately started to eat and stopped spontaneously after a while, thus leaving a
certain amount of food available during the whole day until the next morning. At
the beginning of the afternoon a supplement of fresh fruit and vegetables was
added . This was completely consumed in the next two hours. Further details of the
history and management of the colony a re given by ANDERSON and SiMPSON , (1979).
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Many different ethologists used to make observations on the colony, almost daily,
for many years.
Method

Ali observations were made from an inside room with one window to the
monkeys' inside room and one window to their outer part. The monkeys were
accustomed to observers, who behaved as neutrally as possible. A microphone
transmitted the sounds from the cage to the observation room.
Quantitative data on mother and infant were separately collected on checksheets
in a way that allowed continuous and sequential notes and also a two minutes scan
method (HINDE, 1973). At any time, during the observation session, any situation
or change of situation was recorded in respect to four classes of distance : on nipple, ali mother-infant contact except infant on nipple, without contact but within
arm's reach (within 60 cm) and at a distance greater than 60 cm. Any change from
one class of distance to the other was recorded as either approach or leaving by
mother or/and infant. Every two minutes a mark was written down in order to use
those sequential and uninterrupted notes also as an instantaneous scan method with
a two minutes interval. In addition, the following interactions were also noted
whenever they occured :
Mother-infant interactions :

Mother rejects her infant (R) : occasions on which the mother hits the infant
(including pulling, grabbing and biting), passively prevents or breaks contact within
5 s of the infant making contact with or taking the nipple. A mother passively
prevents access to her nipple by putting her arm up as the infant's mouth
approaches her chest and/or by pulling her nipples up and/or by twisting her torso
away (SIMPSON and Howe, 1986).
Mother restrains her infant (r) : occasions when the mother holds the infant
tightly as it tries to move or squirm away, or when she pulls an infant that has
already broken contact, doser to herself again.
Mother-mother interactions :

Attacking, threatening, chasing and supplanting directed by mother A at mother B,
and avoiding, fear-grinning and presenting (in non-groôming context) directed by
mother B at mother A, were regarded as evidence for dominance of mother A over
mother B (SIMPSON and HoWE, 1986). In every group one mother was regarded as
dominant if the above described interactions always occured in the same direction.
For this study we used the observa tions made between august 12th and september 6th, 1982. Most of these were done between 12 a.m. and 1.30 p.m. or between
4 and 7 p.m., while mother and infant were not sleeping nor involved in an eating
session. T he two mother-i nfant pairs of the same social group were each observed
on the same day during 62 to 107 min. T he principle was to change from group
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every day. Therefore, every four days the two mother-infant pairs of the same
group were reobserved. Only a few times this rythm could not be respected due to
external circumstances. But the time interval between two following sessions was
always comprised between a minimum of three and a maximum of five days, as
shown on the graphs (Figs. 2 to 6).
From an other study we made on the social context of this four groups, it
became obvious that group 4 showed a particular terrorizing adult male. He often
bit the members of his group in a context that could not predict his agression. This
influenced the agonistic, grooming and play interactions of ali members of the
group. Therefore, the results of group 4 are sometimes considered separately.
RESULTS
Six relative frequencies were used to analyze the data. Two were measures of
mother-infant proximity. Three of the other measures concerned relative roles of
mother and infant in determining the mother infant proximity as described by
HINDE and SPENCER-BOOTH (1967) and HINDE (1974).
1. Percentages of mother-infant contacts (Fig. 2)

The number of instantaneous observations, made at a two minutes' interval on
the same day, when a mother was in contact with ber infant (Ne) as proportion of
the total (Nt) watched, is expressed in :
Ne x 100 / Nt
This measure is inspired from the index described by HINOE and SPENCER-BOOTH
(1967), but we used a scan method rather than a one-zero sampling. The decreasing
percentages of contacts reflect the increasing independence of the infant.
In the beginning of the study, the highest percentages of contacts in groups 1, 2
and 3 occured for ali subordinate mothers and the dominant mother of the
youngest infant. At -the end the situation looked quite different as the higher percentages decreased faster. Consequently, the differences between the means of the
dominant mothers and the subordinate ones seem to diminish with time. The status
of the mother and even the age of the infant would act Jess and Jess upon their independence as time went on. lt Jooked as if the degrees of independence of the offspring tended to leve! out. This suggests a « catching up » phenomenon. This is
most strongly supported by the fact that, at their infant's 14 weeks, the subordinate
mother-infant pair of pen 1 (1 SMI) and 3 SMI rate higher than 2 SMI and the
dominant mother-infant pair of pen 3 (3 DMI), but then they do their « catching
up » in the next 2-3 weeks. Moreover, the fact that the ranges of the observations,
at 13-14 weeks, for 1 SMI and 3 SMI hardly overlap with those for 2 SMI and
3 DMI is important beca11se it suggests that the differences are not merely due to
sampling error in the observations. The infant of the subordinate mother of group 4
would be the only exception. Hence, at this stage her independence would remain
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Fig_ 2_ - Proportion of time in contact : number of two minutes' observations during which
the infant was in contact with the mother as proportion of the total number of observations.
The means of the index and the extreme values (limits of vertical dotted lines) are put in the
middle of each observation period represented by the horizontal dotted li ne. The mean of the
first three and that of the last three observation sessions are joined by a plain line. They
are plotted according to the age of the infant in the middle of the period including the
three sessions.
• Infant with dominant mother,
o Infant with subordinate mother

more related to its mother's rank. Nevertheless two short observation sessions (of
22 and 33 minutes during the same two observation periods of three weeks) of the
subordinate mother-infant pair of group 4, made in the «absence » of the dominant
male (i.e. while he was sitting in the other pàrt of the cage or sleeping) showed
much lower percentages of contacts (57% and 55 %) than those on the graphs
(76% and 62 %).

2. Relative frequency of rejections (Fig. 3)
This measure was given by the ratio of the number of times the infant attempted
to get on its mother and was rejected (R) to the total number of contacts, either
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on the infant's initiative (MKi), or on the mother's (MKm) and of the infant's
unsuccessful attempts to contact (R), i.e. :
R x 100 / MKi

+

MKm

+R

Binee the frequency with which the infant gains contact on the mother's initia tive
(MKm) decreases rapidly over the first weeks of !ife, the relative frequency of rejections during th~ study period approximates to the failure rate of the infant's
attempts (HINDE, 1974).
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Fig. 3. - Rel ati ve frequency of rejections : ra ti o of the number of occasions on which the
in fan t attem pted to ga in contact and was rejected by th e mo th er (R) to the num ber of occasions on which it made contact on th e mother's initiative (Mkm) , made contact on its own
initiative (Mki) or attempted unsuccessfull y to ga in contact (R) . The mea ns of the index and
the extreme va lues (limits of verti cal do tted !i nes) are put in th e . midd le of each observation
period rep rese nted by the horizo ntal do tted tine. T he mean of the first three and that of the
last three observati on sessions are joined by a plain tine. T hey a re plotted acco rdin g to the
age of the infa nt in the middle of the period incl udin g the three sessions.
• Infant with domina nt mo th er,
o Infant with subordinate mother

Ali mothers increased their relative frequency of rejections except the dominant
mother of the oldest offspring, who tended to decrease it.
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Those measures remained lower for the mothers of group 4, especially for the
subordinate mother. Nevertheless, as for the preceding index, her relative frequencies of rejections were higher in the «absence)) of the dominant male (36 and 41 %
instead of the 13 and 20% on the graphs).

3. Infant's rote in making mother-infant contact (Fig. 4)

This index is the difference between the percentage of contacts (on ni pp le or
other) made on infant's initiative and the percentage of contacts broken by the
infant, i.e. :
(MKi x 100 1MKi

+ MKm) - (BKi x 100 1BKi + BKm)

abbreviated to % MKi- % BKi

50

MKix100
MKi x MKm

(HINDE,

1974 and

HINDE

and

ATKINSON ,

1970).
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Fig. 4. - Infant's role in seeking contact : number of contacts made on the infant's initiative,
as a percentage of the total number made by mother and infant, minus number of contacts
broken off by the infant, as percentage of the total number broken . The means of the index
and the extreme values (lirnits of vertica l dotted !ines) are put in the m iddle of each observation period represented by the horizontal dotted bne. The mean of the firs t three and that
of the last three observation sessions are joined by a plain line. They are p lotted according
to the age of the infant in the middle of the peri od includi ng the th ree sessions.
• Infant with dominant mother,
o Infant with subordinate mother
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If the infant were responsible for ali makes and no breaks this index would have
a value of + 100 %, and if the mother were responsible for ali makes and no
breaks it would be - 100 % . A positive value means that the infant is primarily
responsible for the contacts.
From Fig. 4 it is obvious that ali infants, except one, were more responsible than
their mothe~:s for seeking contacts. As for the frequencies of rejections, the infant's
rote increased with time, except for the oldest infant where it rather decreased.
In group 4, it is the subordinate mother who is primarily responsible for seeking
contacts. But here too, as in the previous measures, the results were markedly different and even positive in the «absence» of the adult male ( + 8 and + 14%
instead of - 15 and - 19 % on the graphs). On these occasions the subordinate
mother was not seeking infant's contact more than mothers in other groups.
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F ig. 5. - Proportion of time out o f arm 's reach of mother: number of two min utes' observations during which the infant was more tha n 60 cm fro m the mother (N > 60 cm) as proportion of the number fo r which it was otT her (N - c). The means of the index and the extreme
values (limits of vertica l do tted ti nes) are put in the middle o f each observa tion period
rep resented by the horizo ntal dotted ti ne . T he mean of the first three and tha t of the last three
observation sessions are joined by a plain li ne. They are plotted accordi ng to the age o f the
infa nt in the midd le of the period includi ng the three sessions .
• Infant with dominant mother,
o Infant with subordinate mother
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4. The proportion of time spent at a distance of more than 60 cm (Fig. 5)
This measure resulted from the number of instantaneous observations made at
a two minutes' interval on the same day, when the infant was at more than 60 cm
from its mother as a proportion of the total number when it was off her, i.e . :
N(> 60cm) x 100 / N(- c)

N(- c) =Nt- Ne

The distance of 60 cm was chosen because it is considered as the limit of a rhesus
mother's arm reach .
This index is inspired from that described by HINDE and SPENCER-BOOTH (1967),
but we used a scan method rather than a one-zero sampling.
The increasing proportion of time the infant spent at a distance of more than
60 cm also shows sorne kind of increasing independence of the infant. The values
of the younger offspring of the subordinate mother of groups 1, 2 and 4 who at
first spent )east time at a distance, increased the fastest. The degrees of independence of the infants of groups 1, 2 and 3 seemed to lev el out with time. The
same could be said for the babies of group 4. In the Iast group the status of the
mother kept acting most upon the emancipation of the offspring. From the beginning to the end of the observation period the infant of the subordinate mother
remained markedly more dependent.
5. Infant's role in seeking proximity Jess than 60 cm (Fig. 6)
The infant's role in proximity was assessed by counting the number of
approaches (the distance decreases from > 60 cm to < 60 cm) and leavings (the
distance increases from < 60 cm to > 60 cm), and by calcula ting the difference
between the percentage of approaches due to the infant's movement (APi) a nd the
percentage of leavings due to the infant's movement (Li), i.e. :
(APi x 100 J APi+ APm)- (Li x 100 / Li+ Lm)
A positive result would indicate tha t the maintaining of proximity is mostly due to
the mother and a negative result tha t it is mostly due to the infa nt (HINDE and
A"FKINSON, 1970 ; HINDE, 1974).
Ali measures were positive except in the beginning for the infant of the subordinate mother of group 4. This sustains the fact that almost ali infan ts were mostly
responsible for seeking the proximity of the mother. The subordinate mother of
group 4 was the only mother, who was primarily responsible for seeking proximity
and this solely at the beginning of the observation period. As time went on, she
drastically decreased her respo nsibility a nd at the end the baby became even more
responsible than herself.
6. Restraints by the mother
T he last measure is the percentage of restraints by the mother. lt is defined as
the ratio of the number of times the mother restrained (r) her infant to the total
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Fig. 6. - Infant's role in seeking proximity : number of approaches made by the infant, as
percentage of the total number made by the mother and the infant, minus the number of
leavings made by the infant, as percentage of the total number made. The means of the index
and the extreme values (limits of vertical dotted !ines) are put in the middle of each observation period represented by the horizontal dotted line. The mean of the first three and that
of the last three observation sessions are joined by a plain line. They are plotted according
to the age of the infant in the middle of the period including the three sessions.
• Infant with dominant mother,
o Infant with subordinate mother

number of times the mother broke contact and the infant's either successful or
unsuccessful attempts to break contact, i. e. :
r x 100 / BKi

+ BKm + r -

Ail mothers restrained extremely rarely, except the subordinate mother of group 4.
Of ali dominant mothers of groups 1, 2 and 3 only two restrained their infant (once
each). The subordinate mothers of the same groups scored a mean of 10 times in
absolute value (i.e. 1 %) in the beginning and restrained only twice at the end.
In group 4, the dominant mother restrained 4 times in the beginning and only
once at the end . While the subordinate mother of this group, counted 24 % of
restrainings in the beginning and 19 % at the end. As for other measures, the situation was markedly different in the « absence» of the adult male, when she
restrained onJy once in 64 a ttempts by her infa nt to leave her.
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Although the values of this index were too low to be considered alone, they confirm the general trend of the other results, i.e. the active involvement of the subordinate mother of group 4 which delayed the emancipation of ber infant.
Temporal evolution of the measures

The age-changes in the mother-infant interactions could depend on changes in
the infant's behaviour, changes in the mother's behaviour, or both (HINDE, 1974).
If the proportion of time in contact (Fig. 2) decreases with increasing percentages
of rejections (Fig. 3) and increasing infant's role in contact (Fig. 4), the emancipation of the infant must be primarily due to changes with the mother. This was the
case for each mother-infant pair, except the one with the oldest infant (group 1).
Here the correlation is positive and the emancipation could be primarily due to
changes with the infant.
The situation is different, if we consider the proportion of time at a distance of
more than 60 cm (Fig. 5). The changes in the infant's role in maintaining proximity
was only clear for the subordinate mother-infant pair of group 4. For this pair we
can tell that, as both indices increased witb time, the mother is primarily responsible for this kind of increasing independence too.
In sum, for most pairs, the mother's changes were primarily responsible for the
decreasing proportion of time in contact, but when contact was broken, changes in
mother and infa nt had a similar role in the increasing proportion of time spent
beyond arm's reach. This could be due to the fact that the mother's most importa nt
point is to get free from « too much contact» with her infa nt. Once the contact is
broken, she may concede a bigger part of initiative to the infant to a ugment its
proportion of time out of arm's reach.
DISCUSSION
In four captive groups of rhesus monkeys, part of the weaning process of eight
infants was observed in detail during the last weeks preceding the onset of the
annual mating season. Severa! factors seem to influence the rate of increasing independence of the infants. T he results suggest that this independence may be delayed
in three circumstances. F irst, the younger age of the infant, as described by DIENSIŒ
and METZ (1977) and H INDE (1 974). Second, the lower status of the mother, consistent with SIMPSON a nd HowE ( 1986). Finally, the particular social context of the
presence of a feared adult male. SIMPSON and HowE (1986) observed that the
mothers, submitted to higher rates of aggression from other adults, played a more
important role in maintaining proximity with their -8-week-old infants.
Furthermore, two particular points appear in our observations, most obviously
in groups 1, 2 and 3. On the one hand, the differences between the dominant and
the subordinate mothers were more noticeable at the beginning than at the end of
the study. On the other hand, even the expected differences between the degrees of
independence in relation to the infants' ages only, became surprisingly smaller at
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the end of the study. This is an amazing finding if one expects a graduai development of the mother-infant relationship only in function of the infants' age. Facts
tend to give evidence of a « catching up » phenomenon : the emancipation going
faster for offspring that, in the beginning, are more dependent of their mother. As
the correlations between the indices suggest, this catching up phenomenon would
be primarily due to the behaviour of the mother, who would fasten the emancipation of her « late » infant. This is not in contradiction with TRIVERS' argument
(1974) that the infant must be selected to elicit more parental investment than the
parent is selected to provide. Another major factor, different from infants' age,
could inteHere. At the approach of the annual mating season, the emancipation of
the « late » infants would be accelerated (in regard of the more precocious infants)
and reach an optimal degree at the onset of the mating season . In terms of inclusive
fitness, this could have an adaptive value for the mother : too much contact
between mother and infant could make it difficult for the mother to invest in her
sexual activities with males or a delay in the infants' weaning could delay the
mother in resuming her sexual cycles. SIMPSON et al. (1981) observed that mothers
proving quicker to conceive their next infants tend to reject them more often.
This emphasizes that there are many factors that may influence the reproductive
strategy and that these Iikely interact in a complex fashion. It could be worthwhile
to reconsider the evolution of mother-infant relationship, in seasonally polyoestrous
species, by gathering the observations of infants grouped in age-classes rela tive to
the onset of the following mating season, as weil as pooled in the usual age-classes
only in function of their birth date. This could give sorne insight in the question :
is the rate of emancipation of young seasonally polyoestrus primates, a function of
the proximity to the following mating season ?
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