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Infant Carrying Behavior in Callitrichid
Primates: Callithrix and Leontopithecus
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Care of offspring by individuals other than the mother is ubiquitous in
callitrichid primates. In spite of its widespread occurrence, however, there is
considerable taxonomic variation in the timing and intensity of parental effort
by breeding males and nonbreeding juvenile group members. These differences
may be attributable to generic and specifies differences in the costs of
reproduction for females or in ecological constraints on travel and foraging.
We present data on patterns of infant carrying in social groups of two taxa of
callitrichid primates (Callithrix and Leontopithecus) throughout the first 3
months of infant life. We evaluated patterns of care in small groups (two or
fewer juvenile or subadult helpers) and in large groups (three or more helpers
in addition to the breeding adult male and female). Group size had little effect
on levels of maternal carrying effort in either marmosets or lion tamarins, and
mothers ceased carrying infants by 3 months of age. Carrying efforts by fathers
were significantly reduced in groups with many helpers relative to small groups.
Helpers carried at consistent rates during the second and third months of infant
life in Leontopithecus while in Callithrix, carrying by helpers peaked during
the second month. These results suggest that if helpers reduce energetic
demands on lactating females, the mechanism by which helpers reduce these
burdens is independent of maternal carrying effort.
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INTRODUCTION

Communal care of dependent offspring by individuals other than the
mother is a hallmark of callitrichid primate social biology. Indeed, some
have considered communal rearing to be one of the major defining features
of callitrichid social systems (Goldizen, 1987; Ferrari and Lopes-Ferrari,
1989; Tardif et al, 1993). Hypotheses accounting for the existence of com-
munal care by alloparents in these species have typically relied on
arguments based on energetics and the assumption of high costs of repro-
duction for breeding females (Goldizen, 1990). Aspects of the reproductive
biology of callitrichids that contribute to the high cost of reproduction in-
clude the production of twin births with a high neonate maternal weight
ratio (Leutenneger, 1973; Ford and Davis, 1992) and, in some species, an
immediate postpartum estrus with little or no lactational suppression of
fertility (French, 1983; Ziegler et al, 1990).

According to the reproductive energetics account, alloparents, which
are either retained in or recruited into the group, have several possible
effects on the overall reproductive effort of the breeding female. First, al-
loparents may reduce the magnitude of parental effort by the breeding
female: effort expended specifically on parental behavior (Westneat and
Sherman, 1993). This has been traditionally assessed in callitrichid primates
measuring the impact of alloparents on energetically demanding tasks such
as infant carrying and provisioning of solid food to infants (Feistner and
Chamove, 1986; Tardif et al, 1986; McGrew, 1988). Second, the presence
of alloparents may increase the opportunity for the breeding female to en-
gage in activities such as foraging and feeding, which may increase her
likelihood of success in future breeding attempts: somatic effort (Westneat
and Sherman, 1993). Price (1992a) hinted at the significance of long-term
benefits of alloparents for a breeding pair, and studies on some free-ranging
populations (Garber et al, 1984; Baker, 1991) support the notion that
groups with more potential alloparents have greater reproductive success
than groups with fewer alloparents. Indeed, Goldizen (1987; Terborgh and
Goldizen, 1985) suggested that lone breeding pairs of tamarins without al-
loparental resources would be unable to rear offspring successfully.
However, this hypothesis has not been widely assessed in free-ranging
populations, and there is at least one demonstration that helpers may not
be critical for offspring survival in captive groups (Rothe et al, 1993).

In spite of the ubiquity of communal breeding and alloparental care
in the social profile of marmosets and tamarins, there is considerable vari-
ability among species in the distribution of parental care among group
members. For example, golden lion tamarin infants are first carried by in-
dividuals other than the mother at 16 days postpartum (Hoage, 1982). In
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other callitrichid taxa, nonmothers begin to carry infants within the first
week, sometimes on the first day postpartum [Saguinus (Cleveland and
Snowdon, 1984; Tardif et al, 1990), Callithrix (Ingram, 1977), Cebuella
(Christen, 1974)]. The proportion of time that offspring are carried at 8
weeks of age also varies across taxa: Callithrix. jacchus infants are effectively
independent of carriers by 8 weeks, while infant Saguinus oedipus and 5.
fuscicollis are still being carried 60% of the time (Tardif et al, 1986, 1993).
Infant Leontopithecus achieve independence of caregivers even later, and
are carried 15% of the time at 12 weeks of age and independent of carriers
(carried <5% of the time) only after week 14 (Hoage, 1982). Thus, the
profile of parental carrying effort in callitrichid groups differs widely across
taxa. This taxonomic variability may reflect specifies differences in the costs
of producing infants (and costs of subsequent infant care) or potential dif-
ferences in rates of maturation among callitrichid genera or both factors.
Thus, the earlier dependence on alloparents and earlier independence of
offspring in Callithrix, compared to Saguinus and Leontopithecus, has been
attributed to higher neonate:maternal weight ratios in Callithrix (Kleiman,
1977) or the slower maturational rate in the larger-bodied Leontopithecus
(Hoage, 1982).

We provide quantitative comparisons of infant carrying behavior by
breeding males and females and by alloparents in representative species of
two genera of callitrichid primates, Callithrix (C. kuhli, C. geoffroyi) and
Leontopithecus (L. rosalia, L. chrysomelas, and L. chrysopygus). We evalu-
ated the assumption that the effort expended by alloparental helpers
reduces the parental burden of any one individual in the social group, es-
pecially the breeding adult female or male or both (Emlen, 1991; Price,
1992a), by comparing differences in carrying effort by individuals in small
groups, consisting of the breeding pair and no more than two alloparents,
with carrying effort in large groups, consisting of the breeding pair and 3
or more potential caregivers.

METHODS

Subjects and Housing

We observed 14 groups of Leontopithecus, including L. rosalia, L.
chrysomelas, and L. chrysopygus, and 10 groups of Callithrix, represented
by C. kuhli and C. geoffroyi. Details of the demographic constitution of the
study groups are in Table I. We observed captive groups at the Rio de
Janeiro Primate Center-FEEMA, Brazil; where social groups are housed
in large outdoor cages measuring 4 x 3 x 2 m. Each cage contained natural
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branches, nestboxes, and natural litter on the floor. The groups were visu-
ally separated but had auditory contact with other groups. Food and water
were supplied twice daily. Morning feeding consisted of bread enriched with
vitamins, proteins, cereal, and milk; in the afternoon fruit and mealworms
were provided. Further details of this colony are given by Coimbra-Filho
and Maia (1977).

Procedure

We conducted observations during the first 12 weeks of infant life, which
we divided into three monthly periods. We divided all social groups in two
sizes: small groups (breeders plus no more than two older siblings) and large
groups (breeders plus three or more older siblings). Older siblings (=helpers)
are in one of three stages of development based on criteria outlined by
Yamamoto (1993): juvenile, 5-10 months of age; subadult: 10-15 months old;
and young adult, >15 months for Callithrix; and juvenile, 4-9 months;
subadult, 9-12 months; and young adult, > 12 months for Leontopithecus. In
Leontopithecus, we had eight small groups (8 litters, 15 infants total) and
eight large groups (9 litters, 14 infants total). In Callithrix we had four small
groups (4 litters, 8 infants) and six large groups (7 litters, 13 infants).

After the birth of infants, we observed each group (litter) an average
of one observation session per week during the first 12 weeks of infant
life. Observation sessions lasted 30 min and were carried out between 0900-
1100 and 1300-1500. We used 1-min instantaneous scan sampling
(Altmann, 1974) to record the location of each of the infants in the group.
For each scan, we identified and recorded both infants as being on or off
a caregiver and noted the identity of the caregiver for each infant as ap-
propriate. No distinction was made regarding whether the carrier had
possession of one or two infants. This assumption is based on captive and
field studies that suggest minimal additional energetic and behavioral costs
associated with carrying two versus one infant (Price, 1992b; Tardif, 1996).
An infant was "on carrier" if a caregiver supported the majority of the
infant's weight. We noted "off carrier" when an infant was on the branch
or other substrate in the cage, and the majority of its weight was supported
by an inanimate substrate. "Nursing" is recorded when the infant was seen
on ventrolateral posture with its mouth on the mother's nipple. Santos was
responsible for all observations.

We averaged carrying scores for each group for each litter to produce
a single carrying effort score for each potential carrier—father, mother, and
alloparents—during each time period. In order to provide a data set that is
sufficiently large to provide adequate statistical power, we combined data
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from different categories of helpers for analysis, but small groups with no
helper (two groups for Callithrix and one group for Leontopithecus) are not
included in the analysis. Thus, each group produced a single score—per-
centage of scan samples (of a total possible of 30) in which that individual
was carrying an infant for each cell in the experimental design. We used
parametric analyses of variance (ANOVA) to assess the statistical reliability
of differences in carrying effort as a function of the major variables in the
design: genus (Callithrix vs. Leontopithecus), age of the infants (weeks 1-4
x 5-8 x 9-12) and group size (small vs. large). We conducted separate analy-
ses for each of the major categories of caregivers (father, mother, alloparent)
and for the category off carrier. We calculated suckling rates by dividing
infant sucking time by mother's carrying time. In the event of significant
main effects or interaction effects, we used post hoc LSD tests (Keppel,
1983) to evaluate further the simple main effects.

We performed a more detailed analysis to evaluate whether the age
and sex of helpers influenced their contribution to parental care, inde-
pendently of any effects associated strictly with variations in group size.
We assessed the influence of these factors, in addition to effects attribut-
able to differences among genera, via analysis of covariance (ANCOVA).
Because group size usually affects several aspects of infant care, we in-
cluded it as a covariate. We used all groups with at least one helper for
this analysis. In Callithrix we compared data from juvenile helpers (5-10
months) with data from subadults (10-15 months) and adults (>15
months). In Leontopithecus we compared data from juveniles (4-9 months)
and subadults (9-12 months) with data from adults (>12 months). Finally,
we conducted regression analysis on parental effort by breeding males and
females as a function of the number of alloparents in the group (zero to
six alloparents in Callithrix and zero to five alloparents in Leontopithecus)
in order to evaluate whether carrying efforts by breeding males and females
varied continuously with group size. We accept a significance level of 0.05
throughout the analyses.

RESULTS

Carrying by Fathers

Group Size. In Callithrix, the percentage of infant carrying performed
by the fathers in small groups is higher than in large groups, but only early
in infant development (Fig. 1). There is a significant interaction between
fathers' carrying effort in small and that in large groups across months
[F(2,18) = 5.87, p < 0.05]. During the first month, fathers in small groups
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Fig. 1. Figure 1. Mean (+SE) percentage of scan samples
per observation in which infants were carried by breeding
males (=fathers). Data for Callithrix are presented in the
top panel, for both large (n = 4) and small (n = 6) groups.
Data for Leontopithecus are shown in the bottom panel,
with n = 8 small groups and n = 8 large groups. See text
for a description of the statistical comparisons.

carried more (M = 64.9 ± 10.8%; mean ± SE., throughout) than in large
groups (M = 8.6 ± 7.0%). Carrying decreased during the second month
(M = 40 ± 14.5%) for small groups but remained higher than in large
groups (M = 12.1 ± 4.3%). Post hoc tests confirmed that fathers' carrying
effort in small groups is significantly higher than in large groups for the
first 2 months (p < 0.05).

In Leontopithecus (Fig. 1), the fathers' effort in carrying infants differs
significantly between small and large groups [F(l,15) = 4.74, p < 0.05].
Fathers in small groups carried more than fathers in large groups, but un-
like Callithrix, paternal carrying was not affected by the age of the infants.
The percentage of intervals infants were carried by Leontopithecus fathers
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Table II. Correlation Between Group Size and Maternal and Paternal Carrying Effort

Maternal
Month 1
Month 2

Paternal

Month 1
Month 2

Slope r

Callithrix

+8.0
-2.7

-13.9
-9.0

0.42
-0.31

-0.75
-0.72

P

n.s.
n.s.

0.007
0.013

Maternal
Month 1
Month 2

Paternal

Month 1
Month 2

Slope r

Leontopithecus

+5.0
-0.3

-8.0
-4.7

0.36
-0.06

-0.57
-0.31

P

n.s.
n.s.

0.01
n.s.

does not vary significantly across infant development. In accordance with
the previous analysis, the regression analysis of group size versus paternal
carrying effort in both genera revealed a significant association between
these measures (p's < 0.01, see Table II), especially for the first month of
infant life.

Taxonomic Differences. When we analyzed the data for paternal car-
rying effort across genera, we found a significant statistical interaction
among genera, age of infant, and group size [F(2,20) = 4.53, p < 0.05].
In small groups, differences in carrying effort during weeks 1-4 and 5-8
did not differ between Callithrix and Leontopithecus. However, during the
third month fathers in small groups of Callithrix carried infants during fewer
scan samples (17.9%) than fathers in small groups of Leontopithecus did
(43.1%; p < 0.05). In large groups, there is no significant difference be-
tween genera, and fathers carried infants at relatively low and consistent
levels in both taxa.

Carrying by Mothers

Group Size. In Callithrix, the carrying effort by mothers (Fig. 2) is
higher during the first month of infant life in large groups (M = 62.2 ±
13.4%) than in small groups (M = 23.9 ± 7.7%). Subsequent months re-
vealed significantly reduced effort by mothers in both large and small
groups. There is a significant interaction between mother's carrying effort
in small and that in large groups across months [F(2,18) = 4.72, p < 0.05].
Post hoc tests demonstrated a significant difference between mothers' car-
rying effort in small and that in large groups during the first month (p <
0.05). Carrying effort by mothers in large and small groups of Callithrix
during the second and third months is not significantly different.
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Fig. 2. Figure 2. Mean (+SE) percentage of scan samples in which infants
were carried (solid line) and nursed (dashed line) by mothers. Callithrix
is depicted in the top panel, for both large and small groups, and
Leontopithecus is in the bottom panel. See legend to Fig. 1 for sample
sizes.

In Leontopithecus, the carrying effort by mothers (Fig. 2) also varies
significantly across the first 3 months of infant life in both large and small
groups [F(2,30) = 46.5, p < 0.01]. Carrying effort by mothers during the
first month (46.7 ± 5.8% of scan samples) is significantly higher (p < 0.05)
compared with both the second month (11.72 ± 1.54%, n.s.) and the third
month (3.41 + 0.82%, n.s.). There is no significant effect of group size on
maternal carrying effort in Leontopithecus.

Regression analysis revealed a pattern similar to that seen for the
ANOVA. In contrast to paternal carrying effort, regression of group size
versus carrying effort in Leontopithecus yielded no significant association
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between these measures (see Table II). There is a nonsignificant association
between group size and maternal carrying effort in Callithrix, though the
magnitude and direction of the slope (+8.0) are consistent with a larger
maternal effort in large groups.

Group size had no effect on the proportion of time that mothers
nursed infants. The percentages of intervals with nursing in both Callithrix
and Leontopithecus are very similar between large and small groups (Fig.
2).

Taxonomic Differences. An intergeneric comparison of mother's carry-
ing performance revealed a significant three-way interaction among group
size, infant age, and genera [F(2,20) = 8.40, p < 0.01] in small groups. In
Leontopithecus, the mean carrying effort by mothers during the first month
is significantly higher (M = 39.6 ± 3.8%) than in Callithrix (M = 23.9 ±
7.7%; p < 0.05). The opposite occurred for the second month, during which
Callithrix mothers carried more (M = 22.4 ± 7.3%) than Leontopithecus
mothers did (M = 11.9 ± 2.3%; p < 0.05). Carrying scores by females
during the third month do not differ between the two genera. In large
groups, we found no statistical interaction between genera and infant age.
Maternal carrying scores in Leontopithecus and Callithrix do not differ sig-
nificantly at any age for mothers in large groups.

There are significant differences in infant suckling between genera
across months [F(2,52) = 3.74, p < 0.05]. Mothers of Leontopithecus nursed
infants more (p < 0.05) during the second (M = 67.2 ± 8%) and third (M
= 49.3 + 11.1%) months than Callithrix mothers did (M = 24 ± 7.9 and
19.9 ± 10.7%).

Carrying by Alloparents

Group Size. In Callithrix, the cumulative carrying effort performed by
alloparents across the first 3 months was higher in large groups than in
small groups [F(l,8) = 8.68, p < 0.05] (Fig. 3). There also are significant
differences in carrying across months for Callithrix alloparents F(2,16) =
5.28, p < 0.05]. The post hoc LSD test showed that carrying effort by al-
loparents is significantly higher during the second month than during the
third month of infant life (comparisons p < 0.05). In Leontopithecus, cu-
mulative carrying effort by alloparents is not affected by either the group
size or the age of the infants (Fig. 3).

Taxonomic Differences. There is a significant difference between gen-
era in carrying by alloparents in small groups [F(2,14) = 4.97, p < 0.05].
In small groups of Leontopithecus, alloparents carried significantly (p <
0.05) more during the second and third months (M = 18.1 ± 10.8 and 13
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Fig. 3. Figure 3. Mean (+SE) percentage of scan samples
in which infants were carried by group members (allopar-
ents) other than the breeding adult male or female. Top
panel presents data for Callithrix; bottom panel, for Leon-
topithecus. See legend to Fig. 1 for sample sizes.

± 9.6%) than those of Callithrix did (M = 1.8 ± 1.4 and 1.1 + 1.1%).
There is no significant difference across genera in carrying effort by al-
loparents in large groups. The analysis of covariance revealed a interaction
between helper age and week blocks [F(l,65) = 4.41, p < 0.04]. Older
helpers (M = 9.54 ± 2.26%) of both genera carried more during the first
month than younger helpers did (M = 4.53 ± 1.53%). Differences among
older vs. younger helpers during the second and third month of infant life
are not significant.

Infant Independence

Group Size. The overall pattern of the development of infant inde-
pendence is similar in Callithrix and Leontopithecus. In Callithrix, there is
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a significant increase in the percentage of scans in which the infant was
off all carriers across 4 week blocks (Fig. 4) [F(2,18) = 84.3, p < 0.01].
There are significant increases in the percentage of intervals off carriers
between weeks 1-4 and weeks 5-8 (p < 0.05) and between weeks 5-8 and
weeks 9-12 (p < 0.05). The proportion of time infant Callithrix spent off
all carriers is not affected by group size.

In Leontoplthecus (Fig. 4), there is also a significant pattern of increas-
ing infant independence across months [F(2,30) = 42.7, p < 0.01]. As in
Callithrix, changes across the three time blocks are all significantly different
(p's < 0.05). Similarly, there is no significant difference in infant inde-
pendence patterns as a function of group size in Leontopithecus,

Taxonomic Differences. For infant independence, there are significant
differences between genera, but only for large groups [F(2,28) = 3.48, p
< 0.05], In both genera, the infants spent <2% of their time away from

Fig. 4. Figure 4. Mean (+SE) percentage of scan samples in which
infants were independent of all potential caregivers in the social
group. Top panel presents data for Callithrix; bottom panel, for
Leontopithecus. See legend to Fig. 1 for sample sizes.
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a caregiver during the first 4 weeks of life. Post hoc tests show that infant
Callithrix in large groups spent significantly more time (M = 86.5 ±7.1%)
off carriers at weeks 9-12 than infant Leontopithecus in large groups did
(M = 62.5 ± 9.5%; p < 0.05). Comparisons between genera and infant age
are not significantly different for time off carriers in small groups.

DISCUSSION

Our results provide additional support for the notion that there is con-
siderable variation among callitrichid genera in patterns of parental and
alloparental care. In addition, the results show that species-typical patterns
of the division of caregiving behavior are affected differently by the pres-
ence or absence of alloparental resources. Fathers in small groups, with no
or few alloparents, carried more actively during the first period of infant
development than in larger groups for both Callithrix and Leontopithecus.
However, during the third month of infant development, fathers in Leon-
topithecus continued to carry at higher rates, while for Callithrix, rates of
infant transport by fathers are low and do not differ between large and
small groups. With respect to mothers, group size had a lesser effect on
maternal carrying effort in both taxa: in large groups, maternal transport
of offspring is highest during the first month of life and drops consistently
as infants develop. Carrying efforts by alloparents in large groups of Cal-
lithrix is low during the first month, peaks during the second month, and
drops again in the third month. In contrast, Leontopithecus helpers in large
groups carry at more or less consistent rates throughout the first 3 months
of infant life. Callithrix also show early independence, in large groups,
spending 86% of observational intervals off carriers during the third month
of life, while Leontopithecus spend fewer intervals off carriers during this
same period (62%).

Recently, Tardif et al. (1993) proposed an ecological energetics hy-
pothesis, as opposed to a strict reproductive energetics one, to account for
specifies variation in patterns of parental and alloparental care in cal-
litrichid primates. They suggest that taxonomic differences can be
attributed to variations in home range size, travel speed, and daily ranging
distance. Specifically, they argue that the small home range size, short rang-
ing distance, and slow travel speed in Callithrix may be associated with early
transfer of infants from the mother and early cessation of infant care. Large
home ranges, long daily ranging distance, and fast travel speed in Saguinus
may promote retention of infants by the mother and longer periods of in-
fant dependence on carriers. Leontopithecus have home ranges and travel
distances that are more similar to those of Saguinus than to those of Cal-
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lithrix, and age at transfer from mother and infant dependence on carriers
in Leontoptihecus, at least until 8 weeks of age, appear to be associated
with these ecological variables (Tardif et al, 1993).

Our findings are useful for assessing taxonomic variation in the impact
of alloparental behavior. First, the focal study groups of Callithrix and Leon-
topithecus were housed in identical enclosures, and details of management
and husbandry are similar. In addition, we used the same observational
protocols for both genera. Thus, sources of variation in parental behavior
that could be produced by differences in physical environments, e.g., cage
size or feeding schedules, or by methodological differences were minimized
(Tardif et al., 1993). Second, the two taxa under consideration vary on a
number of parameters that are relevant to the hypotheses described above,
and are good choices for a test of the alternative accounts. First, there is
variation in the cost of reproduction, as measured by maternal investment
in offspring before parturition, with Callithrix tending to have higher neo-
nate:maternal weight ratios (22.8%) than Leontopithecus (19.2%; Ford and
Davis, 1992). Callithrix tends to produce two litters per year, while the mo-
dal number of litters in Leontopithecus is one, both in free-ranging groups
(Dietz et al, 1994) and in captivity (French et al, 1996). Thus, differences
between the taxa in reproductive costs on an annual basis are even greater.
Second, ecological costs also vary between the two taxa, with home range
sizes and daily ranging distances typically being much larger in Leontopi-
thecus than in Callithrix (Rylands, 1989; Ferrari and Lopes-Ferrari, 1989).
While our data do not provide a critical test of the differential predictions
generated by the reproductive and ecological hypotheses, the general lack
of effect of group size on maternal carrying efforts is evidence against a
strict reproductive energetics account of alloparental care. With the excep-
tion of the first month of carrying by mothers in Callithrix, maternal effort
was unaffected by the presence of helpers. Carrying effort and nursing ef-
fort did not differ in groups with few versus many helpers.

Previous studies on the impact of helpers on maternal behavior re-
vealed that maternal effort remains constant or decreases in groups with
more helpers [S. oedipus (McGrew, 1988; Tardif et al, 1990; Price, 1992a)
and C. jacchus (Ingram, 1977; Box, 1977)]. Unexpectedly, we found that
in the first month postpartum, mothers in large groups of Callithrix carried
infants more than mothers in small groups did. Several possible explana-
tions can be proffered to account for this finding. First, when newborn
infants are present, there is typically a great interest and competition to
carry the infants (especially in large groups) by all members of the family,
including inexperienced alloparents (Cleveland and Snowdon, 1984; per-
sonal observation by C.V.S.). A reluctance to respond to infant transfer
interactions with inexperienced alloparents could produce high levels of
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maternal carrying effort, even in the presence of many potential carriers
(Pryce, 1988).

In our study, 48% of the alloparents in groups of Callithrix were ju-
veniles, which is consistent with the interpretation described above. High
performance in maternal carrying might, therefore, be correlated with in-
fant protection in an attempt to minimize the risk of perinatal mortality
(Rothe et al, 1992; Price, 1991; Digby, 1995).

In addition, there appear to be differences between Leontopithecus and
Callithrix in the potential risk of infanticide. In spite of detailed observations
across many years on many groups, suspected or observed infanticide has
not been reported in Leontopithecus (French, 1997). In contrast, there is
evidence of infanticidal behavior in free-ranging common marmosets (Digby,
1995). The potential for differential risk of infanticide may also account for
the pattern of maternal carrying that we documented in Callithrix.

Second, the low effort displayed by fathers could contribute to the
maintenance of high maternal carrying effort. Experimental studies that re-
move the father from social groups for a short period of time in Callithrix
jacchus have revealed that mothers offset the absence of the father by ad-
justing their carrying effort (Arruda et al, 1985; Yamamoto et al, 1987;
Yamamoto, 1989). This variation in the behavior of postpartum mothers
suggests considerable flexibility in their capacity or willingness to carry in-
fants. Mothers may be able to estimate groupwide rates of infant care and
then increase or decrease their own carrying effort accordingly. Among our
subjects, fathers in large groups showed extremely low rates of carrying
during all phases of infant life, including the first month of life. Low rates
of paternal effort, combined with maternal reluctance to allow infants to
be carried by helpers, could therefore lead to high rates of maternal car-
rying in large groups. Furthermore, lactation is the sole responsibility of
the adult female, and the time required to nurse the offspring is obviously
independent of demographic variables such as group size. Infant suckling
reached almost the same levels when we compared large and small groups
in each genera. This excludes the possibility that the high levels of infant
carrying by mothers in large groups of Callithrix during the first month
could be associated with infant nursing.

Our results suggest that group size is a critical regulator of paternal
care in callitrichid primates: male care is greater in small groups than in
large ones. We found that male carrying effort was dramatically affected
by group size: paternal effort was lowest in groups with many alloparents.
This finding has been reported in a number of other species [Saguinus oedi-
pus (McGrew, 1988; Tardif et al., 1990; Price, 1992a) and Callithrix jacchus
(Box, 1977; Locke-Haydon and Chalmers, 1983)]. Fathers may benefit from
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the presence of large number of alloparents and this may be reflected in
the ability of the father to invest in future infants.

As expected, alloparents in small groups for both genera showed a
low participation in infant transport activities. Our results for the first
month are similar to those found by Hoage (1982), in a study with groups
of Leontopithecus rosalia with a small number of helpers. Alloparents car-
ried 10% during the first month. However, our study showed that during
weeks 5-8 and 9-12, helpers and mothers together were secondary carriers,
exhibiting similar percentages of carrying, while in Hoage's (1982) study,
alloparents were tertiary carriers from the second to the seventh weeks and
only incidental carriers after week 8. Alloparents from large groups of
Leontopithecus shared infant carrying with the fathers during the three
blocks of weeks, which suggests that father plus helper participation may
reduce maternal effort, especially after the first month of infant life. Car-
rying effort by mothers in Callithrix was drastically reduced during the
second month. Helpers were the primary carriers in large groups. Similar
findings were seen in Callithrix jacchus by Ingram (1977) and in Saguinus
oedipus by Cleveland and Snowdon (1984).

The contribution of helpers to infant caregiving varied as a function
of the helpers age. Older helpers (subadults and adults in Callithrix and
adults in Leontopithecus) exhibited more carrying than younger helpers (ju-
veniles in Callithrix and juveniles and subadults of Leontopithecus) did. The
same effect is confirmed by other infant care studies [Saguinus oedipus
(Price, 1992c) and Callithrix jacchus (Ingram, 1977)]. We found no signifi-
cant difference in carrying effort between male and female alloparents. This
result is in agreement with results from other species (Tardif, 1997).

Infant Callithrix from large groups showed more independence during
the third month than infant Leontopithecus did. These results are in ac-
cordance with those of Tardif et al. (1986). Infants of Callithrix jacchus
became independent earlier than infants of Saguinus oedipus. The energetic
costs of infant carrying are therefore lower for Callithrix jacchus than for
Saguinus oedipus and Leontopithecus. Tardif et al. (1986, 1993) suggested
that earlier infant independence in Callithrix might be mediated by earlier
rejection of infants by carriers in this genera than in Saguinus. In agreement
with this suggestion, Santos (1994) found that Callithrix fathers from both
large and small groups rejected the infants more during the third month
than Leontopithecus fathers did. Early independence in Callithrix may be
related to small home ranges and short travel distances (Tardif et al, 1993;
Tardif, 1994). Others have proffered that these specifies differences are
attributable to differences in rates of maturation in Leontopithecus, sug-
gesting that for larger species the rate of maturation is slower, and this
could result in late weaning for infants of this genus (Hoage, 1978; Klei-
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man, 1977). However, Tardif et al. (1993) found no difference in growth
attained for marmosets (C. jacchus) and tamarins (L. rosalia, S. oedipus,
and S. fuscicollis), which suggests that the impact of rates of maturation
on specifies differences in carrying effort may be determined by factors
other than, or in addition to, differential maturation among genera in cal-
litrichids.

Some groups with just one or no alloparent experienced cases of new-
born death, especially in triplets (Table I). Studies with free-ranging
callitrichids suggest that in larger groups, the chances of infant survival is
greater than in groups with no or few helpers (Garber et al, 1984). The
presence of a large number of older siblings also produces benefits for the
reproductive pair, reducing the individual costs for the group members and
increasing the parental investment in future offspring (Rylands, 1985; Price,
1992a). Our results suggest that if these benefits exist in free-ranging popu-
lations, they are likely to affect maternal somatic effort rather than parental
effort (Westneat and Sherman, 1993), since the presence of helpers in our
study and in other studies did not reduce maternal care.

ACKNOWLEDGMENTS

We thank Prof. Adelmar F. Coimbra-Filho and Dr. Alcides Pissinatti
for permission to observe the monkeys at Centra de Primatologia do Rio de
Janeiro (Rio de Janeiro Primate Center)—FEEMA. The work was supported
in part by grants from Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico-CNPq (135729/91-2) and Fundaco de Amparo a Pesquisa do
Estado de Sao Paulo-FAPESP (93/1624-2) to C.V.S., from CNPq (306.385/88-
0) to E.O., and from the National Science Foundation (CRB 90-00094, IBN
92-09528, and Nebraska EPSCoR) to J.A.F. We especially thank two anony-
mous reviewers and the following people for constructive comments on early
versions of the manuscript: S. Tardif, M. Yamamoto, P. Izar, M. Platt, C.
Schaffner, R. Shepherd, T. Smith, and J. Fite. Finally, Dan Jorgensen, Frank
Hartranft, and Gini Collins provided statistical advice.

REFERENCES

Altmann, J. (1974). Observational study of behavior: Sampling methods. Behavior 49: 227-265.
Arruda, M. F., Yamamoto, M. E., and Bueno, O. A. F. (1985). Descricao das relacoes

pai/mae-filhote e da separacao pai filhote no sagui comum (Callithrix jacchus). In Melo,
M. T. (ed.), A Primatologia no Brasil-2, Universidade de Brasilia, Brasilia, pp. 47-57.



906 Santos, French, and Otta

Baker. A. J. (1991). Evolution of the Social System of the Golden Lion Tamarin (Leontopithecus
rosalia): Mating System, Group Dynamics and Cooperative Breeding, Ph.D. thesis,
University of Maryland, Washington, D.C.

Box, H. O. (1977). A social developmental study of young monkeys (Callithrix jacchus) within
a captive family group. Primates 18: 475-484, 1977.

Christen, A. (1974). Fortpflanzungsbiologie und Verhalten bei Cebuella pygmaea und Tamarin
tamarin. Forschrittle Verhaltensforsch 14: 1-78.

Cleveland, J., and Snowdon, C. T. (1984). Social development during the first twenty weeks
in the cotton-top tamarin (Saguinus oedipus). Anim. Behav. 32:432-444.

Coimbra-Filho, A. F., and Maia, A. de A. (1977). A alimentaco de saguis em cativeiro. Brasil
Florest. 29: 15-26.

Dietz, J. M., Baker, A. J., and Miglioretti, D. (1994). Seasonal variation in reproduction,
juvenile growth and adult body mass in golden lion tamarins (Leontopithecus rosalia).
Am. J. Primatol. 34: 115-132.

Digby, L. J. (1995). Infant care, infanticide, and female reproductive strategies in polygynous
groups of common marmosets (Callithrix jacchus). Behav. Ecol. Sociobiol. 37: 51-62.

Emlen, S. T. (1991). Evolution of cooperative breeding in birds and mammals. In Krebs, J.
R., and Davies, N. B. (eds.), Behavioral Ecology—An Evolutionary Approach, Blackwell
Scientific, Oxford, pp. 301-335.

Feistner, A. T. C., and Chamove, A. S. (1986). High motivation towards food increases
food-sharing in cotton-top tamarins. Dev. Psychobiol. 19: 439-452.

Ferrari, S. F., and Lopes-Ferrari, M. A. (1989). A re-evaluation of the social organization of
the Callitrichidae, with reference to the ecological differences between genera. Folia
Primatol. 52: 132-147.

Ford, S. M., and Davis, L. C. (1992). Systematics and body size: Implications for feeding
adaptations in new world monkeys. Am. J. Phys. Anthropol. 88: 415-468.

French, J. A. (1983). Lactation and fertility: An examination of nursing and interbirth intervals
in tamarins (Saguinus oedipus). Folia Primatol. 43: 276-282.

French, J. A. (1996). The proximate regulation of singular breeding in callitrichid primates.
In Solomon, N. G., and French, J. A. (eds.), Cooperative Breeding in Mammals, Cambridge
University Press, New York, pp. 34-75.

French, J. A., Pissinatti, A., and Coimbra-Filho, A. F. (1996). Reproduction in captive lion
tamarins (Leontopithecus): Seasonality, infant survival, and sex ratios. Am. J. Primatol.
39: 17-33.

Garber, P. A., Moya, L., and Malaga, C. (1984). C. A preliminary field study of the mustached
tamarin monkey (Saguinus mystax) in northeastern Peru: Questions concerned with the
evolution of a communal breeding system. Folia Primatol. 42: 17-32.

Goldizen, A. W. (1987). Tamarins and marmosets: Communal care of offspring. In Smuts, B.
B., Cheney, D. L., Seyfarth, R. M., Wrangham, R. W., and Struhsaker, T. T. (eds.),
Primate Societies, University of Chicago Press, Chicago, pp. 34-43.

Goldizen, A. W. (1990). A comparative perspective on the evolution of tamarin and marmoset
social systems. Int. J. Primatol. 11: 63-83.

Hoage, R. J. (1978). Parental care in Leontopithecus rosalia rosalia: Sex and age differences
in carrying behavior and the role of prior experience. In Kleiman, D. G. (ed.), The Biology
Conservation of the Callitrichidae, Smithsonian Institution Press, Washington, DC, pp.
293-305.

Hoage, R. J. (1982). Social and physical maturation in captive lion tamarins, Leontopithecus
rosalia rosalia (Primates: Callitrichidae). Smithson, Contrib. Zool. 354: 1-56.

Ingram, J. C. (1977). Interactions between parents and infants, and the development of
independence in the common marmoset (Callithrix jacchus). Anim. Behav. 25: 811-827.

Keppel, G. (1983). Design and Analysis: A Researcher's Handbook, Prentice Hall, New York.
Kleiman, D. G. (1977). Monogamy in mammals. Q. Rev. Biol. 52: 39-69.
Leutenegger, W. (1973). Maternal-fetal weight relationships in primates. Folia Primatol. 20:

280-294.
Locke-Haydon, J., and Chalmers, N. R, (1983). The development of infant-caregiver

relationships in captive common marmosets (Callithrix jacchus). Int. J Primatol. 4: 63-81.



Infant Carrying in Callitrichids 907

McGrew, W. C. (1988). Parental division of infant caretaking varies with family composition
in cotton-top tamarins. Anim. Behav. 36: 285-286.

Price, E. C. (1991). Competition to carry infants in captive families of cotton-top tamarins
(Saguinus oedipus). Behavior 118 (1-2): 66-88.

Price, E. C. (1992a). The benefits of helpers: Effects of group and litter size on infant care
in tamarins (Saguinus oedipus). Am. J. Primatol. 26: 179-190.

Price, E. C. (1992b). The costs of infant carrying in captive cotton-top tamarins. Am. J.
Primatol. 26: 23-33.

Price, E. C. (1992c). Contributions to infant care in captive cotton-top tamarins (Saguinus
oedipus): The influence of age, sex, and reproductive status. Int. J. Primatol. 13(2): 124-141.

Pryce, C. R. (1988). Individual and group effects on early caregiver-infant relationships in
red-bellied tamarin monkeys. Anim. Behav. 36: 1455-1464.

Rothe, H., Darms, K., and Koenig, A. (1992). Sex ratio and mortality in a laboratory colony
of the common marmoset (Callithrix jacchus). Lab. Anim. 26: 88-99.

Rothe, H., Koenig, A., and Darms, K. (1993). Infant survival and number of helpers in captive
groups of common marmosets (Callithrix jacchus). Am. J. Primatol. 30: 131-137.

Rylands, A. B. (1985). Infant-carrying in a wild marmoset group Callithrix humeralifer:
Evidence for a polyandrous mating system. In de Mello, M. T. (ed.), A Primatologia no
Brasil-2, Sociedade Brasileira de Primatologia, Brasilia, pp. 131-144.

Rylands, A. B. (1989). Sympatric brazilian callitrichids: The black tufted-ear marmoset,
Catlithrix kuhli, and the golden-headed lion tamarin, Leontopithecus chrysomelas. J. Hum
Evol. 18: 679-695.

Santos, C. V. (1994). Estudo comparative do cuidado parental e desenvolvimento de filhotes de
calitritjuideos (Callithrix e Leontopithecus), Dissertacp de Mestrado, Universidade de So
Paulo, So Paulo.

Tardif, S. D. (1994). Relative energetic cost of infant care in small-bodied neotropical primates
and its relation to infant-care patterns. Am. J. Primatol. 34: 133-143.

Tardif, S. D. (1996). Bioenergetics of parental behavior and the evolution of alloparental care
in marmosets and tamarins. In Solomon, N. G., and French, J. A. (eds.), Cooperative
Breeding in Mammals, Cambridge University Press, New York, pp. 11-33.

Tardif, S. D., Carson, R. L., and Gangaware, B. L. (1986). Comparison of infant care in
family groups of the common marmoset (Callithrix jacchus) and the cotton-top tamarin
(Saguinus oedipus). Am. J. Primatol. 11: 103-110.

Tardif, S. D., Carson, R. L., and Gangaware, B. L. (1990). Infant care behavior of mothers
and fathers in a communal-care primate, the cotton-top tamarin (Saguinus oedipus). Am.
J. Primatol. 22: 73-85.

Tardif, S. D., Harrison, M. L., and Simek, M. A. (1993). Communal infant care in marmosets
and tamarins: Relation to energetics, ecology and social organization. In Rylands, A. B.
(ed.), Marmosets and Tamarins: Systematics, Behavior and Ecology, Oxford University
Press, Oxford, pp. 220-234.

Terborgh, J., and Goldizen, A. W. (1985). On the mating system of cooperatively breeding
saddle back tamarins (Saguinus fuscicollis). Behav. Ecol. Sociobiol. 16: 293-299.

Westneat, D. F., and Sherman, P. W. (1993). Parentage and the evolution of parental behavior.
Behav. Ecol. 4: 66-77.

Yamamoto, M. E. (1989). Estudos de separagao em primatas. In Ades, C. (ed.), Etologia de
Animais e Homens, EDICON/EDUSP, So Paulo, pp. 123-144.

Yamamoto, M. E. (1993). From dependence to sexual maturity: The behavioral ontogeny of
Callitrichidae. In Rylands, A. B. (ed.), Marmosets and Tamarins: Systematics, Behavior
and Ecology, Oxford University Press, Oxford, pp. 235-254.

Yamamoto, M. E., Arruda, M. F., and Bueno, O. F. A. (1987). Compensation in abnormal
conditions of infant care in the common marmoset (Callithrix jacchus). Int. J. Comp.
Psychol. 1: 97-106.

Ziegler, T. E., Widowski, T. M., Larson, M. L., and Snowdon, C. T. (1990). Nursing does
affect the duration of the postpartum to ovulation interval in cotton-top tamarins
(Saguinus oedipus). J. Reprod. Fertil. 90: 563-570.


