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Abstract

This study represents the first investigation of varability in motheriog styles in pigail macagues, Magaca
wemestrina nemishring, Fifteen group-living mother-infan pairs were tocally observed during the fiest 12wk ofinfunt
life and several measures of marernal and infant behavior were recorded. Variability in mothering styles oceurred
alonp the three dimensions of maternal protectivencss, rejection, and warmth, Maternal parity and aggression
received by mothers were the hest predictors of variabiliny in protectiveness and warmth, whereas variability in
rejection was not predicted by any of the variables considered. This study provides clear evidence that appression

towards miothers and previous maternal expericnee have an important influence on mothering srvles

in pigtail
Mmacaques.
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Introduction

In recent vears, there has been a growing interest in studving individual differences
in animal behavior, Animals that share the same environment with other conspecifics may
show striking differences in many aspects of their behavior, including foraging, aggression,
affiliation, mating, and parenting (see CLARK & EHLINGER 1987 for a review). Although

many rescarchers have concentrated their efforts on understanding the adaptive value of

individual differences in behavior, there has also been a growing interest in understanding
the determinants of this variability.

In Old World monkeys such as macaques and verver monkeys, individual differences
in maternal behavior are remarkably consistent with successive infants and across gen-
erations (FATRBANKS 1989, BERMAN 1990). Several studies in which data werce analyzed
with multivariate statistics have demaonstrated that variaton in mothering styles occurs
mainly along the two dimensions of protectiveness and rejection (SIMPSON & HOWE
1980, FAIRBANKS & MCGUIRE 1987, TANAKA 1989, SCHINGO et al. 1995). In other
words, maternal behaviors reflecting protection and control over the infant’s behavior tend
to be correlated with each other and vary independently from behaviors such as breaking
contact, increasing distance, and rejecting the infant’s attempts to make contact. In addition
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to protectiveness and rejection, HINDIE & SIMPSON (1975) identified a third dimension
of mothering style, which they labeled ‘warmth’: this consisted of maternal behaviors such
as cradling and grooming. In HINDE & SIMPSON’S study, however, maternal warmth partly
overlapped with protectiveness because maternal cradling and grooming were positively
correlated with the mother’s tendeney to make contact with her infant.

Characteristics of mother—infant pairs such as maternal age, parity, dominance rank,
infant sex, and presence and sex of siblings or other relatives have been shown to affect
interindividual variability in mothering styles (FAIRBANKS 1996). The effects of these
variables, however, are often highly correlated with each other, thus making it difficult to
identify the primary source of variation in mothering style. For example, older mothers
are also likely to be more experienced than young mothers, and their infants are more
likely to have siblings or other relatives than the infants of young mothers. Moreover, part
of the variation in mothering styles is not accounted for by any demographic characteristics
of mothers and infants. For example, in a study of rhesus macaques, maternal anxiety
measured with visual monitoring and seratching rates was a better predictor of variation
in maternal protectiveness than demographic characteristics of mothers and infants (MALL
STRIPIER] 1993).

The aim of this study was to investigate the determinants of interindividual variability
in mothering styles in a captive group of pigtail macaques. This study provides an original
contribution to the existing literature on mothering styles in monkeys in two main ways:
I. it is the first investigation of variability in mothering styles in pigtail macaques; and 2.
the effects of different maternal characteristics on mothering styles could be independently
investigated more fully than in any other previous studies. Specifically, the characteristics
of the study subjects allowed the analysis of the effects of maternal parity and dominance
rank, infant sex, and the presence and sex of siblings without the confounding effects of
maternal age and family size,

Methods

Subjects and Housing

The subjects were 15 pigrail macaque mother=infant pairs living in 2 social group. The group was housed
n 2 large oudoor eompound (25 x 25m) with attached indbor quarters ot the Field Station of the Yerkes
Regional Primate Research Center in Lawrenceville, Georgia, USAL The group consisted of five adult males, one
subadult male, and 32 adult females, half of which had one yearling offspring. All 32 aclule females in the group
were caught in the wild when reproductively immarure and their genctic relatonships were unknown, All females
were within the same age range (5-7 yr), thus excluding the presence of mother—daughter pairs among the adult
females. Preliminary genetic analyses and phenorypic similaritics suggested thar perhaps there were one or rwo
pairs of sisters ar cousins in the group. The group was formed 2yr before the study and, when observations
began, there was already a lincar dominance hicvarehy among all females which remained stable throughaut the
study period. Among the 15 studly subjects, eight females were primiparous, sis had one yvearling offspring (three
miles, three temales), and one had given hirthiin the previaus year but her infant had not survived. Five subjecrs
were elassified as high ranking, six as middle ranking, and fouras low ranking because they fell intw the upper,
middle, and lower third of the group’s dominance hierarchy. Six subjects save hirdi o a male infantand nine 1
a femle.

Procedure

Mother—infant pairs were focilly phserved (MARTIN 8 BATESON 1986) in d-weekly 30-min observation
sessions randomly distributed between 0800 and 19:00 hours. Observations began the day after infants were
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born aad continued until fhe end of the wedk 12 of infant life, A toral of 24 h of observation per mother—infant
pair were avi able, Observations were made from a platform that provided unrestricted view of rthe entire
compound. Data were colleered using binoculars and a portable computer.

Since the aim of this study was o investigare individudl differences in maternal behavior, most behavioral
measures considered are percentage measures 5o as to conprol for differences ininfant activity. The following
eight measures of maternal behavior were considered: 1. perce
contact time in which the mother kept her arms around the ir

ntage eradling = the percentage of mother—infant

nt; 2 percentige srooming = the percentage of
contact fime in which the mother groomed her infang 3. percentage contacts made by mother=the percentage
of all mother—infant body contacts made by mothers; 4. pereentage contacts broken by mother = the pereentage
ofall mother—infant body contacts hroken by mothers: 3. percentage approaches made by mother = the percentage
of all mother—infant approaches made by mothers (an approach is a redueron of mother—infant distance from
mote than 60em to less than 60cm withour making contact for at least 5s); 6. percentage Jeaves made by
mother = the percentage of all mother-infant leaves made by mothets (a leave is an increase in mother—infant
distance from less than 60em 1o more than Glem); 7. percentage restraining = the percentage of all infant
attempts to break contact that were prevented by the mother pulling the infant by irs tail o leg B, percentage
tejection = the percentage of all infane artempts 1o make contact that were prevented hy the mother turning,
running awiy, or holding the infant ar a distanee with anarm, The following measures were also considered:
percentage time in contact =rhe percentage of observation time mother and infanr spent in body contact;
agpression received = the number of aggressive aers (threats, bites, chases) received by mothers from other
individudls; infant harassment = the number of acts of har

ssment (rough pulling, dragging, slapping or bidng)
received by infans from other mdividuals; seratching rate= the rate at which mothers scrarched themselves
(nurmber of episodes per 1000.) when their infants were out of contact.

Data Analysis

Interindividual variability in marernal behavior was dnalyzcd in two steps: first, the 8 measures of maternal
bebavivr were analyzed with the principal components analysis (PCA) to investigate cotrelations berween different
micasires and o obtain composite measures of mathering style. Second, stepawise multiple regression analyses
were bsed 1o investigite the role of several factors as predictors of variability in the composite measures of
mothering style. For putposes of analysis, each subject’s average score of maternal behavior over the first 12wk
of infant lite was used.

The PEA is a statisneal technique used toidentify a small number of factors, or principal componcents, that
can be used to represent relanonships among sets of many variables (NORUSIS 1985). The assumption of this
analysis is that correlations between varibles result from their sharing these factars, In PCA, lincar combinations
of the obsesved variables are formed. The first factor is the combination that accourts for the largest dmount of
varianee in'the sample. The second factor accounts for the next largest amount of varianee and is not correlated
with the first. Suce arrelated
with each ather, Factor loadings are coefficients of corelation between the factors and the variables and, usually,
lation greater than +0,30 or less than —050 are arbitrarily chosen as a eriterion for Toading,
Bigenvalues are the sum of the squares of the factor loadings and refleet the total varjance explained by each
factor, Ta determine the number of factors considered in the analysis, only factors whose eigenvalue is greater

sssive factors explain progressively smaller pordons of the total variance and are not

coctficients of corre

than | aré included. Because the factors are wot coerelated. the toral proportion of varianee explained is just the
sum of the variance explained by each tactor.

Stepwise multiple regression analysis is a statistical technique that allows one i examine the effects of any
number of quantitative or eategorical independent variables {predictors) upon - single dependent variable

(PEOFAZUR 1973). Ly this analysis, the careclations of all the independent variables with the dependent variables

are-caleulated. The independent variable that has the highest zero-order correlaion with the dependent varisble
is entered first into the analvsis, followed in subscquent stages by the other independent. variables. Because

predictors that were entered i the regression cquation at an early stage can lose their usefulness when additionial

predicrors are browght inw the cyuation, tests are performed areach step 1o de

ermine the conmbution of cach
predicror already in the equaon if It were to enter last. Lincar regression, oneaway ANOVAS, and Student’s £
wsts for unpaired samples were also used in data analysis. All probabilities are twvo-tiled with & < 0,05 considered
statistically significant.

Results

The developmental changes of maternal and infant behavior over the first 12wk of
infant life, as well as the social interactions between mothers, infants and other individuals
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are presented elsewhere (MATSTRIPIER] 1994a,b). The PCA applied to the cight measures
of maternal behavior identified three factors that accounted for 70.9% of the total variance.
Table 1 shows factor loadings and cigenvalues.

In the first factor, percentage contacts made by mother, percentage approaches made
by mother, percentage cradling time, and percentage restraining had significant positive
loadings. The individual scores of these four measures were thus added to obtain a
compasite measure of maternal protectiveness. In the second factor, percentage contacts
broken by mother and percentage leaves by mother had significant positive loadings, Their
scores were added to obtain a measure of maternal rejection. Percentage grooming time
and percentage eradling time were positively loaded on the third factor and their scores
werte added to obtain a measure of maternal warmth. The low frequency and low variability
of rejection behavior among the subjects of this study were probably responsible for
percentage rejection not being loaded on any of the three factors. Some measures of
maternal behavior were highly variable but the results of the PCA did not change when
outliers were excluded from the analysis.

The measures of protectiveness, rejection, and warmth served as dependent variables
in stepwisce multiple regression analyses in which the following variables were used as
predictors: maternal rank (high, middle, or low), age (5, 6, or 7 yr), and parity (primiparous,
multiparous), sex of the infant (male, female), presence and sex of a sibling (no sibling,
brother, or sister), ageression received, and scratching rate. Quantitative information on
these variables for all study subjects is presented elsewhere (MAESTRIPIERI 1994a.b). There
was no statistically significant association between any of these variables. In particular, age
did not differ significantly between primiparous and multiparous females (mean agein year
1 SE, primiparous: 6.0 4 0.4; multiparous: 6.7 + 0.2; t=10.13, df = 13, ns).

Variability in protectiveness was best explained by parity (R=0.49, F 1,13 =4.09,
p < 0.05) followed by aggression received (R =10.69, 1! 2,12=5.63, p < 0.05). Primiparous
mothers were more protective (mean score + SE = 153.97) than multiparous mothers

Table 1: Tactor loadings and cigenvalues of PCA applied o cight messures of maternal behavior

Factor 1 [Facror 2 Factor 3
Behavioral measures Protectivencss Rejeetion Warmth
% Cradling 0.64* —0.13 (.51
% Grrooming, (.44 0.35 0.71%
Y Contacts made (K70* (.48 —0.21
Y Approaches made 0.74* (.37 —1).28
" Restraining 0.72% — (.38 0.29
Yo Rejection —10.35 =035 — 1145
Yo Contacts broken 0.04 (L.65% 045
Yo Leaves — .31 0.81* (.06
Eigenvalues (Y varianee) 2.39 1.87 1.39

(300 (23.4) (17.5)

#, statistically significant,
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(109.18 + 11.39), and protectiveness increased as a function of aggression received by
mothers. Variability in rejection was not significantly predicted by any of the predictors
considered, although infant sex had the highest partial correlation with rejection (R=
—042), with male infants being rejected by their mothers (mean score £ SE=
63.99 + 6.97) more than female infants (49.83 £ 5.17). Aggression received was the best
predictor of maternal warmth (R = 0.53, F 1,13 =5.10,p < (1.03), the higher the aggression
received the warmer the mother with her infant.

To assess whether different mothering styles had signiticant consequences for infant
safety, linear regression analyses were run using infant harassment data and measures
of mothering style. [nfant harassment, however, was not significantly associated with
protectiveness (R=0.39, F 1,13=2.31, ns), rejection (R=0.16, F 1,13=0.35, ns), or
warmth (R =0.06, F 1,13=0.05, ns). Infant harassment was inversely related to percentage
time in contact (R = —0.57, n=15, p < 0.05), suggesting that infants that spent less time
in contact with their mothers were harassed more by other individuals. Infant harassment
did not differ significantly in relation to marternal rank (I 2,12 = 0.77, ns) or parity (t = 0.02,
df=13, ns). There was a tendency for male infants to be harassed more than females
(t=2.05, df =13, p=0.06), but this difference was mainly due to one male infant that
received unusually high levels ot harassment.

Discussion

Variability in the mothering styles of pigtail macaques mainly oceurred along the three
dimensions of maternal protectiveness, rejection, and warmth. Protectiveness consisted of
behaviors reflecting the mother's effort in maintaining proximity and contact with her
infant such as approaching, making contact, cradling, and restraining. Pigtail macaque
mothers have been shown to be very protective relative to other species of macaques
(ROSENBLUM & KAUFMAN 1967, MAESTRIPIERD 1994a), and variation in protectiveness
accounted for 30% of total variaton in the maternal behavior data. Variation in the
maothers’ tendency to break contact with their infants and increase distance from them
accounted for 23% of the variance. In other Old World monkeys, these behaviors are
highly correlated with maternal rejection (FAIRBANKS & MCGUIRE 1987, SCHINO et al.
1995), but in this study rejection was relatively infrequent. This study focused only on the
first 3mo of infant life when most pigtail macaque mothers have not yet started to reject
their infants (MAESTRIPIERL 1994a). Variability in maternal warmth, reflected by cradling

0

and grooming behavior, accounted for 17% of the variance.

Although the factor analysis of maternal behavior was conducted with a small sample
size relative to the number of variables considered, the results of this analysis were generally
consistent with the findings reported for other species of Old World monkeys (FAIRBANKS
1996). Marternal age and matriline size have been identified as an important source of
vatiation in macaque mothering styles (BERMAN 1988, SCHINO et al. 1995) and it is
noteworthy that variability in the mothering styles of pigtail macaques could be reliably
detected despite the fact that all subjects were in the same age range and lived in a group
without a typical matrilineal structure.

This study clearly indicates that primiparity has an important effect on mothering
stvle. Parity was the best predictor of variation in maternal protectiveness although the
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only difference in parity among the study subjects was that some of the subjects had one
previous infant while others did not. The data suggested that it was maternal experience
associated with parity, rather than the presence or sex of a sibling, that accounted for
variability in protectiveness. Furthermore, the fact that aggression received was the second
best predictor of variation in protectiveness suggests that maternal experience may influence
the perception of infant safety in relation to danger in the environment (MAESTRIPUERI
1995). Variation in the rejection dimension of mothering style was not significantly associ-
ated with any of the predictors considered, while maternal warmth increased as a function
of aggression received by mothers. Thus, it appears that when mothers are treated with
hostility by other group members they affiliate more with their infants.

Ifant sex, maternal age (though only variable between 5 and 7vr) and scratching
tate did not affect any dimensions of mothering style. The lack of an association between
scrarching and mothering style is somewhat surprising because in rhesus macaques scrarch-
ing rate was a good predictor of maternal protectiveness (MAESTRIPIER] 1993). Although
the reason for this discrepancy is not entirely clear, it may be related in part to the different
mothering styles of rhesus and pigtail macaques. Scratching primarily reflects a component
of anxicty associated with uncertainty and motivational conflict (MAESTRIPIERT et al.
1992). Rhesus macaques have both high maternal protectiveness and rejection, whereas
pigtail macaque mothers have a more marked tendency toward protectiveness (MAT
STRIPIERI 1994a). Thus, it is possible that rhesus mothers experience more conflice-related
anxiety than pigtail mothers and, as a result, seratching behavior is more strictly associated
with mothering style in rhesus than in pigtail macaques.

Individual differences in maternal protectiveness, rejection, or warmth were not
significantly correlated with differences in harassment received by infants. Thus, the
consequences for infant safety of different mothering seyles were not clear. Infants that
spent less time in contact with their mothers were harassed more by other group members
than infants that spent more time in contact, suggesting that contact with the mother
reduced the probability of infant harassment. Time in contact, however, is the result of
both maternal and infant behavior and it is unelear from this data set whether high levels
of infant harassment resulted from low levels of maternal protectiveness or high levels of
infant activity and independence.

Understanding the relationship between danger for the mother—infant pair in the
social environment and mothering style is complicated by the difficulty in establishing a
clear cause—effect relationship between these two variables. In other words, with obser-
vational studies and correlational analyses alone, it is difficult to assess whether levels of
aggression and harassment received by mothers and infants are the cause or the conse-
quence of different mothering styles. Research in which mothering style or the social
environment are experimentally manipulated is needed to resalve this issue. More research
is also needed to better understand the dererminants of variability in maternal rejection
and the role played by infant characreristics other than their sex.
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