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Abstract This study evaluated the e�ects of time of day,
ambient temperature, and relative humidity on mother-
infant interactions in captive Japanese macaques (Mac-
aca fuscata). Unlike time of day and relative humidity,
temperature in¯uenced mother-infant interactions. Even
though total time spent in ventroventral contact did not
change, lower temperatures were associated with greater
attempts by the infants to maintain contact with their
mothers and with more frequent maternal rejection.
E�ects of temperature on mother-infant interactions
were not mediated by the e�ects of temperature on
mothers' general activity. These results are interpreted in
light of the di�erent thermoregulatory needs of mothers
and infants, and highlight a previously neglected cause
for mother-infant con¯ict.
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Introduction

In 1974, Robert Trivers introduced the concept of
mother-o�spring con¯ict (Trivers 1974). He argued that,
due to di�erent genetic interests, mothers and infants
should con¯ict over the amount of maternal care. More
recently, it has been proposed that in nonhuman pri-
mates, mother-infant con¯ict should occur more over
the timing than over the amount of maternal care. In
fact, both Altman (1980) and Barrett et al. (1995) ob-
served that maternal rejection is often context depen-
dent, and hypothesized that mothers attempt to
structure infant contact time so as to minimize distur-
bance during foraging. Thus, while con¯ict may occur

because of di�erences between mothers and infants in
long-term genetic interests, at a proximate level it may
depend on di�erences in immediate ecological needs
(e.g., foraging vs nursing).

Among the ecological variables likely to generate
mother-infant con¯ict is ambient temperature. In fact,
adult and infant primates, due to their di�erent size,
have di�erent thermoregulatory needs and their ther-
moregulatory behaviors are therefore expected to di�er.
Quite surprisingly, although an in¯uence of climatic
factors has been demonstrated on a variety of primate
social and nonsocial behaviors (e.g., Bernstein 1975,
1976, 1980; Troisi and Schino 1986, 1987), to our
knowledge, no study has investigated possible climatic
in¯uences on primate mother-infant relationships.

In this paper we report data on the e�ects of time of
day, ambient temperature, and relative humidity on
mother and infant behavior in captive Japanese ma-
caques. Our results suggest that the di�erent thermo-
regulatory needs of mothers and infants can lead to a
previously neglected cause of mother-infant con¯ict.

Methods

Subjects and housing

Subjects of this study were members of a captive group
of Japanese macaques (Macaca fuscata) living in Rome
zoo. The group had been captured together in
Takasakiyama, Japan, in 1977. During the study period,
it numbered 53±87 monkeys and was housed in a 700-m2

outdoor enclosure provided with smaller indoor com-
partments. Details of the group history and composition
are given in Schino et al. (1995).

Data collection

Two di�erent data sets were available. The larger data
set consisted of 53 mother-infant dyads which were the
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subjects of three 15-min observation sessions a week for
the ®rst 12 weeks of the infant's life. Data were collected
using the one-zero method with 15-s intervals. Infants in
the larger data set were born in the 1986, 1988, 1989,
1990, and 1992 birth seasons. Observations were carried
out either in the morning or in the afternoon, avoiding
the central hours of the day, but no formal attempt was
made to sample the di�erent hours evenly. For these
reasons, the larger data set was not used to evaluate the
e�ects of time of day. Temperature and relative hu-
midity were not recorded at the time of the observations.
Instead, mean daily temperatures for each week of each
infant's life were obtained from the U�cio Centrale di
Ecologia Agraria of Rome, only a few kilometers from
the zoo.

The smaller data set consisted of eight mother-infant
dyads sampled during the 1991 birth season. Each dyad
was the subject of seven 15-min observation sessions for
each 3-week block for the ®rst 27±33 weeks of the in-
fant's life. Data were collected using the one-zero
method with 15-s intervals. Observations were carried
out between 1000 and 1700 hours and were balanced
with respect to time of day. One session was carried out
for each hour of the day for each infant for each 3-week
block of its life. At the time of the observation, tem-
perature and relative humidity were measured in the
shade with a mercury thermometer and a hair hygrom-
eter.

Summarizing, the ®rst data set (which had not in fact
been collected with this particular study in mind) was
larger but based on a shorter infant life span and less
accurate climatic data, whereas the second data set was
smaller but based on a longer infant life span and more
accurate and extensive climatic data.

A number of mother and infant behaviors were re-
corded during the study. Here we present data on time
spent in ventroventral contact (the proportion of 15-s
intervals during which the infant was recorded in
ventroventral contact with its mother), on maternal
rejection (the proportion of the infant's attempts to gain
ventroventral contact that were rejected), and on the
relative roles played by infants and mothers in main-
taining ventroventral contact as evaluated through the
index proposed by Hinde and Atkinson (1970). This
index is calculated as the relative proportion of contacts
initiated by the mother minus the relative proportion of
contacts interrupted by the mother. Beside sampling
mother-infant interactions, in 1990 and 1992, we col-
lected data on mothers' general activity (the proportion
of sampling points during which the mother was re-
corded resting or grooming) using the instantaneous
sampling technique with 60-s intervals. Analysis of
maternal activity is therefore based on a subsample of
the larger data set (i.e., 27 out of 53 mother-infant
pairs).

The method we chose for sampling mother-infant
interactions (one-zero) provides slightly overestimated
durations and slightly underestimated frequencies of
behavior (Leger 1977; Rhine and Flanigon 1978).

However, since interval duration was short (15 s), and
since it seems unlikely that the above biases would a�ect
our data di�erently in di�erent climatic conditions, our
results were unlikely to be signi®cantly a�ected by our
sampling technique.

Data analysis

Time of day

Since time spent in ventroventral contact is in¯uenced by
age of the infant (e.g., Schino et al. 1993) and since
temperature and relative humidity vary during the day,
these variables were inserted as covariates in the analysis
of variance testing if time spent in ventroventral contact
varied with time of day. Separate ANCOVAs were
carried out for each mother-infant dyad in the small
data set and the resulting probabilities were then com-
bined using Fisher's technique. Such a technique is fully
independent of sample size, being based directly on the P
values (Sokal and Rohlf 1981). It was not possible to use
this same procedure to test the e�ect of time of day on
Hinde's index and maternal rejection because the data
were insu�cient to provide meaningful ratios for each
hour of each 3-week block of each infant's life. There-
fore, we averaged for each age block and each hour of
day the di�erent infants' scores, and carried out one-way
repeated-measures ANOVAs on these averaged scores.
Although not entirely satisfactory, this procedure allows
a rough estimate of the e�ects of time of day on Hinde's
index and maternal rejection.

Intradyadic and interdyadic analyses

E�ects of temperature and relative humidity on mother-
infant interactions and maternal activity were evaluated
both intradyadically and interdyadically. In the intra-
dyadic analyses, separate correlation coe�cients were
calculated for each mother-infant dyad across the dif-
ferent infant ages. Their distribution between positives
and negatives was obtained and the probability of ob-
taining a similar or more extreme distribution was cal-
culated by means of the binomial test. This is the
correlational equivalent of a paired sample or repeated-
measures test in that each individual is compared only
with itself. A similar method was used by Simpson
(1973) and Schino et al. (1988, 1993). In the interdyadic
analyses, separate correlation coe�cients were calculat-
ed across the di�erent dyads for each infant age block,
and the probability of their distribution calculated as
above. Thus, the intradyadic analyses evaluated whether
mother-infant dyads changed their behavior in response
to day-to-day climatic variations, whereas the inter-
dyadic analyses evaluated whether the di�erent climatic
conditions experienced by infants born in di�erent pe-
riods of the year accounted for the interindividual
variation in mother-infant relationships.
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Temperature

E�ects of temperature were evaluated calculating partial
correlation coe�cients between ambient temperature
and mother-infant behaviors and maternal general ac-
tivity. In the intradyadic analyses carried out on the
smaller data set, we partialled out the e�ects of infant
age and relative humidity. In the larger data set, relative
humidity data were not available, so only infant age was
partialled out. In the interdyadic analyses, separate
correlations were calculated for each infant age block.
Therefore, only relative humidity was partialled out in
the smaller data set, whereas no variable was partialled
out in the larger data set.

Relative humidity

E�ects of relative humidity were evaluated only in the
smaller data set. The procedure was similar to that used
to evaluate the e�ect of temperature. Infant age and
ambient temperature e�ects were partialled out in the
intradyadic analyses, whereas only temperature was
partialled out in the interdyadic analyses.

Estimate of e�ect sizes

The analyses described above do not give information
about e�ect sizes. To estimate e�ect sizes, for each data
set we pooled data from all subjects and calculated
partial correlation coe�cients between climatic and be-
havioral variables while controlling for age e�ects. This
procedure can neither discriminate between intradyadic
and interdyadic e�ects, nor be used to test for signi®-
cance due to large pseudoreplication, but gives never-
theless an estimate of e�ect size.

All variables were tested for normality. Ratio mea-
sures were subjected to arcsine transformation before
being entered into analyses. Throughout the presenta-
tion of the results, Nr+ indicates the number of positive
rs and Nr), the number of negative rs. All probabilities
are two tailed.

Results

Mean temperatures experienced by our subjects were
22.4 � 0.4 °C (mean and standard error) and
19.2 � 0.6 °C in the larger and smaller data sets, res-
pectively, while mean relative humidity was 65.6 � 0.6%
(small data set only). Infants in the larger data set spent
on average 69.9 � 1.6% of observation time in ventro-
ventral contact. The score for maternal initiative in
maintaining contact was 0.426 � 0.029 and that for
maternal rejection 0.074 � 0.013. In the smaller data set,
the equivalent ®gures were 42.7 � 2.4%, 0.405 � 0.026,
and 0.170 � 0.029, respectively. The di�erences between

the two data sets are due to di�erences in the infant
age span during which data were collected (the ®rst 12
versus the ®rst 27±33 weeks of infant life). More detailed
data on the time course and interindividual variation of
mother-infant relationships in these Japanese macaques
can be found in Schino et al. (1993, 1995).

E�ect of time of day

The e�ect of time of day on mother-infant interactions
was evaluated only for the smaller data set (see Meth-
ods). No signi®cant e�ects on ventroventral contact
were observed for either time of day (Fisher's combined
probability: v2 � 14.952, df � 16, n.s.) or its interac-
tion with temperature (v2 � 14.639, df � 16, n.s.),
relative humidity (v2 � 15.416, df � 16, n.s.), or age of
the infant (v2 � 14.445, df � 16, n.s.). Similarly, time
of day exerted no signi®cant e�ect on either the relative
roles played in maintaining contact (F � 0.502,
df � 6.36, n.s.) or maternal rejection (F � 0.629,
df � 6.42, n.s.).

Intradyadic analysis: e�ect of temperature

In the intradyadic analysis, ambient temperature exerted
no signi®cant e�ect on the time infants spent in vent-
roventral contact with their mothers either in the smaller
data set (Nr+ � 3, Nr) � 5, binomial test: n.s.), or in
the larger data set (Nr+ � 22, Nr) � 31, n.s.). Com-
bining the probabilities from the two tests using Fisher's
technique again yielded nonsigni®cant results (v2 �
3.25, df � 4, n.s.).

In contrast, temperature was signi®cantly and posi-
tively correlated with the role played by the mothers in
maintaining ventroventral contact in the smaller data set
(Nr+ � 8, Nr) � 0, P � 0.008), whereas in the larger
data set, the correlation approached signi®cance
(Nr+ � 27, Nr) � 15, P � 0.09). The combined
probability was also signi®cant (v2 � 14.47, df � 4,
P � 0.008). In other words, decreasing temperatures
were associated with an increasing role of the infants in
maintaining contact with their mothers.

Temperature was also signi®cantly and negatively
correlated with maternal rejection in the larger data set
(Nr+ � 11, Nr) � 25, P � 0.03), but not in the
smaller data set (Nr+ � 5, Nr) � 3, n.s.). The com-
bined probability was not signi®cant (v2 � 7.65,
df � 4, n.s.). Thus, decreasing temperatures were as-
sociated with an increase in the proportion of the in-
fant's attempts to establish contact that were rejected by
the mother, at least in the larger data set.

Intradyadic analysis: e�ect of relative humidity

Relative humidity data were only available for the
smaller data set. In the intradyadic analysis, relative
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humidity had no e�ect on time spent in ventroventral
contact (Nr+ � 2, Nr) � 6, n.s.), on the relative roles
played by mothers and infants in maintaining contact
(Nr+ � 3, Nr) � 5, n.s.), and on maternal rejection
(Nr+ � 4, Nr) � 4, n.s.).

Interdyadic analysis: e�ect of temperature

Results of the interdyadic analyses were similar to those
of the intradyadic analyses. Ambient temperature was
not signi®cantly correlated with time spent in ventro-
ventral contact (smaller data set: Nr+ � 5, Nr) � 4,
n.s.; larger data set: Nr+ � 7, Nr) � 5, n.s.; combined
probability: v2 � 0.51, df � 4, n.s.). In contrast, tem-
perature was signi®cantly and positively correlated with
the relative role played by the mothers in maintaining
ventroventral contact (smaller data set: Nr+ � 8,
Nr) � 1, P � 0.04; larger data set: Nr+ � 10, Nr) �
2, P � 0.038; combined probability: v2 � 12.98,
df � 4, P � 0.012). Unlike the intradyadic analysis,
correlations between maternal rejection and temperature
failed to reach signi®cance (smaller data set: Nr+ � 3,
Nr) � 5, n.s.; larger data set: Nr+ � 3, Nr) � 8, n.s.;
combined probability: v2 � 3.61, df � 4, n.s.).

Interdyadic analysis: e�ect of relative humidity

Similar to the intradyadic analyses, in the interdyadic
analyses, ambient relative humidity had no e�ect on
time spent in ventroventral contact (Nr+ � 5, Nr) � 4,
n.s.), on the relative roles played by mothers and infants
in maintaining contact (Nr+ � 4, Nr) � 5, n.s.), and
on maternal rejection (Nr+ � 4, Nr) � 4, n.s.).

E�ect of temperature on mothers' general activity

To test whether the e�ects of ambient temperature on
mother-infant interactions were mediated by its e�ects
on maternal activity, we evaluated the relationship be-
tween temperature and the time mothers spent resting
and grooming. This analysis was carried out on the
larger data set only. In the intradyadic analysis, ambient
temperature exerted no e�ect on time spent resting and
grooming (Nr+ � 14, Nr) � 13, n.s.). Similarly, the

interdyadic analysis revealed no e�ect of temperature on
resting and grooming (Nr+ � 9, Nr) � 3, n.s.).

Estimate of e�ect sizes

Results of correlations based on pooled data are shown
in Table 1. The analyses above had shown that the only
consistently signi®cant e�ect was that of temperature on
the role played by the mother in maintaining contact.
Variation in ambient temperature accounted for 1.4±
15.8% of the variance in the role played by the mother in
maintaining contact.

Discussion

The results reported in this paper show that mother-
infant contact is in¯uenced neither by time of day
(within the 10.00±17.00 hours time window) nor by rel-
ative humidity. Temperature did not in¯uence the
amount of mother-infant contact, but did in¯uence the
relative roles played by mothers and infants in main-
taining such contact. Decreasing temperatures were as-
sociated with an increasing role played by the infants in
maintaining contact with their mothers and (at least in
the larger sample of the intradyadic analysis) with more
frequent maternal rejection. Not only was temperature
associated with day-to-day variations in mother-infant
interactions, but it also explained part of the interindi-
vidual variability. In other words, each infant had to
play a greater role in maintaining contact on those days
on which temperature was lower, and those infants that
were born when average temperatures were lower had to
play a greater role in maintaining contact with their
mothers than those infants born when average temper-
atures were higher. Thus, temperature e�ects extended
from single mother-infant interactions to whole mother-
infant relationships (Hinde 1976).

One could hypothesize that the e�ects of temperature
on mother-infant interactions were secondary to the ef-
fect of temperature on maternal time budgets since,
when temperatures are higher, monkeys often tend to
rest and groom more and thus (possibly) reject their
infant less (see the Introduction for a discussion of
context-dependent maternal rejection). This hypothesis
is, however, unlikely to explain our results, since in our

Table 1 Estimate of e�ect sizes:
partial correlations between
climatic and behavioral vari-
ables based on pooled data

Temperature Relative humidity

Larger sample Smaller sample Smaller sample

Ventroventral contact 0.031 0.030 )0.087
Maternal role in
maintaining contact

0.118 0.398 )0.103

Maternal rejection )0.076 0.076 )0.069
Maternal resting and grooming 0.173 ± ±
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sample, temperature did not a�ect mothers' general ac-
tivity (see also Troisi et al. 1982 for more detailed data
on the absence of an e�ect of temperature on grooming
in this Japanese macaque group).

It is worth noting that the Japanese macaque subjects
of our study were exposed to climatic conditions similar
to those typical of their natural environment. Italy and
Japan share a similar temperate climate: for example,
annual mean temperatures in Rome and Oita (the
weather station closest to Takasakiyama, where our
macaques originated) are 15.7 °C and 15.6 °C, respec-
tively, while seasonal variations are also similar, al-
though in Japan they are slightly more extreme [Rome
data were provided by the Istituto Nazionale di Statis-
tica, Japanese data are taken from the Japan Statistical
Yearbook (Statistics Bureau Management and Coordi-
nation Agency 1984), see also Arakawa and Taga 1969].
The results we obtained are therefore likely to apply to
wild Japanese macaques as well.

Unlike mother-infant contact, huddling between
adult macaques has been reported to increase with de-
creasing temperatures (Dahl and Smith 1985; Dahl et al.
1986; Schino and Troisi 1990). Interindividual contact
requires the coordination of the behavior of both part-
ners. The absence of an increase in mother-infant con-
tact with lower ambient temperatures could be explained
by the di�erent thermoregulatory needs of adults and
infants. Being smaller, infants have a higher surface-to-
volume ratio and therefore lose heat more rapidly than
adults. They are expected to be more sensitive to low
ambient temperatures than adults and, as a conse-
quence, to attempt to establish thermoregulatory con-
tact when the mother does not have the same need.
Furthermore, their smaller size may make them less
pro®table as thermoregulatory huddling partners. This
interpretation is supported by the observation that the
relative role played by infants in maintaining contact
increased with decreasing ambient temperatures. In ad-
dition, when temperatures were lower, mothers tended
to reject a higher proportion of infants' attempts to es-
tablish contact, further supporting the hypothesis that
under such conditions, the thermoregulatory needs of
mothers and infants may clash. Thus, climatic variations
and the di�erent thermoregulatory needs of mothers and
infants may constitute a (further) cause for mother-in-
fant con¯ict.

Several studies have demonstrated that, in nonhuman
primates, early interactions with the mother can have
long-lasting e�ects on the development of social behav-
ior. In vervet monkeys, male and female infants born to
restrictive mothers were less enterprising as juveniles, and
female infants were more restrictive towards their own
infants as adults (Faibanks and McGuire 1988; Fair-
banks 1989). Furthermore, infant macaques who had to
play a greater role in maintaining proximity to their
mothers were more likely to show depressive reactions as
a consequence of maternal separation (Hinde and
Spencer-Booth 1970). These ®ndings may be relevant for
a better understanding of the implications of our results.

Infants of primate species inhabiting temperate areas
can experience di�erent ambient temperatures depend-
ing on their date of birth, even if births are restricted to
the warmest months of the year. For example, in our
sample, mean temperatures experienced by infants dur-
ing their ®rst 12 weeks of life varied between 13.4 and
25.7 °C. If temperature can a�ect early mother-infant
interactions, and if these interactions can in turn in¯u-
ence adult behavior, then early ``climatic experiences''
may be a factor that should be taken into account when
trying to explain variability in adult interindividual be-
havior. It is hoped that this study will stimulate more
detailed investigations of both short- and long-term in-
¯uences of climatic factors on primate behavior.
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