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ABSTRACT. Infant care is known to impose high energetic costs on female primates because in addition to
lactation, most primate mothers also provide transport for their offspring. Many studies have documented the
high energetic costs of lactation, but less is known about energetic costs of infant carrying and their effects on
the recovery of maternal physical condition. We compared the activities of female northern muriquis (Brachyteles
hypoxanthus Kuhl, 1820) over a 12-month period at the RPPN Feliciano Miguel Abdala, Minas Gerais, Brazil to
investigate whether mothers during their weaning year behaved differently than mothers in their post-weaning
year, when they resumed reproductive cycling and copulating, and conceived again. We found no significant
differences in the behavioral activity budgets of mothers in their weaning year (n = 4) versus post-weaning year
(n = 5), despite the significantly higher proportion of time that mothers in their weaning year spent in close
proximity with their infants and carrying their infants compared to mothers in their post-weaning year. We
suggest that the energy budgets of weaning are similar to those of post-weaning in female northern muriquis.
KEY WORDS. Activity; infant carrying; maternal energetics; reproduction weaning.

RESUMO. Os custos enérgeticos de reproducio em fémeas de muirqui-do-norte (Primates: Platyrrinhi:
Atelidae). O cuidado parental é conhecido por impor um elevado custo energético as fémeas primatas, pois,
além da lactacdo, muitas maes primatas também provém transporte aos filhotes. Diversos estudos tém documen-
tado o elevado custo energético da lactacdo, no entanto, pouco se sabe sobre o custo energético para o
transporte do filhote e seus efeitos na recuperacio da condicdo fisica das maes. Nos comparamos as atividades
de fémeas muriquis (Brachyteles hypoxanthus Kuhl, 1820), durante um periodo de 12 meses, na RPPN Feliciano
Miguel Abdala, Minas Gerais Brasil, a fim de investigar se as mdes durante o ano de desmame dos filhotes se
comportavam diferentemente das mies no ano pés-desmame, quando elas recomecaram o ciclo reprodutivo e de
copulas, e quando estavam concebendo novamente. Nos ndo encontramos nenhuma diferenca significativa no
orcamento das atividades comportamentais entre as maes no ano de desmame (n = 4) versus mies no ano pés-
desmame (n = 5), apesar das maes no ano de desmame terem gasto significativamente mais tempo em proximi-
dade com seus infantes e carregado seus infantes do que as maes no ano pds-desmame. Nos sugerimos que, em
fémeas muriquis, o orcamento de energia do desmame é similar ao de pds-desmame.

PALAVRAS-CHAVE. Atividade; desmame; gastos energéticos maternais; reproducao; transporte de infantes.

Infant care is known to impose higher energetic costs on
female mammals compared to other reproductive states, such
as pregnancy, post-weaning recovery, and cycling and copula-
tion, because of the costs of milk production during lactation
(ArtMaNN 1980, Dunsar et al. 2002, Lee 1996, Strier 1993). In
many primates, infant care also involves other energetic costs
associated with transporting infants and providing protection
against predators or temperature. For example, carrying infants
imposes high energetic costs on Callitrichidae primates (TArDIF

1997) and thermoregulation imposes high energetic costs on
female Japanese macaques, Macaca fuscata Blyth, 1875 (ScHiNo
& Troist 1998). In chacma baboons, Papio ursinus Kerr, 1792,
there is evidence that mothers have higher energetic costs in
habitats with high predation risks (Lycerr et al. 1998).
Analysis of the behavior of female primates can provide
insights into the different energetic costs associated with dif-
ferent reproductive states (Arrmann 1980, WranGHam 1980,
BARReT et al. 1995, Leg 1996, ArtmanN & ALBErTs 2005, SoLANKI et
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al. 2007). Several studies have reported that lactating females
spend more time feeding than copulating or pregnant females:
Papio cynocephalus Linnaeus, 1766, ALrManN (1980), M. fuscata,
TakanasHi (2002), Theropithecus gelada Riippell, 1835, Dunsar et
al. (2002), Cercopithecus aethipos Linnaeus, 1766, Lee & Hauser
(1998). Lactating females have high energy requirements be-
cause of their need to transfer mass (energy) to their offspring
(LEe 1996, CameroN 1998) and these requirements vary across
species depending on infant mass and development from birth
to weaning. The energetic costs of carrying infants can also
vary across primate species, due to factors such as the distances
that mothers must carry their offspring, the weight of the off-
spring, and access to allo-parental caretakers (Tarbir 1997,
KraMmEer 1998). For example, the heavy reliance on allo-parental
care in carrying offspring in species of Callithrix Linnaeus, 1758
and Saguinus Linnaeus, 1758 compared to other smaller Neo-
tropical primates may be related to the higher energetic costs
associated with their more rapid rates of growth (Tarpir &
Jacquist 1994). In addition, in Saguinus oedipus Linnaeus, 1758,
individuals that carry infants have lower body weights than
those that do not carry infants (SANcHEz et al. 1999) and in com-
mon marmosets, Callithrix jacchus Linnaeus, 1758, TaArpIr (1994)
found a negative relationship between the weight of females
and the number of ovulations. In baboons (LycerT et al. 1998,
Hie et al. 2000), low maternal weight can result in delays in
the resumption of ovarian cycling.

Pregnancy generally imposes lower energy costs than lac-
tation (Arrmann 1980). However, females can modify their be-
havior to conserve and store energy, with impacts on offspring
survival before and after birth (Tarpir et al. 2001).

The northern muriqui, Brachyteles hypoxanthus Kuhl,
1820, is one of the largest Neotropical primates, and similar to
species of two of the other genera in their family (Lagothrix
and Ateles), their three years inter-birth intervals are relatively
long compared to other monkeys of similar body weight (D1
Fiore & CampBiLL et al. 2007, STrier 1996, 1999b, 2003). North-
ern muriqui births are concentrated in the dry season and con-
ceptions are concentrated in the rainy season, implying that
the seasonal availability of food affects the timing of their re-
production (Strier 1996, 2004).

We compared the behavior of northern muriqui females
during their weaning year and during their post-weaning year,
when they resumed copulating and reconceived. Weaning oc-
curs during the second year of life, when milk is estimated to
account for an average of 28.2% of infant diets. Unlike smaller
Neotropical primates (Tarbir 1997, SANcHEz et al. 1999, DiGsy et.
al. 2007, StevensoN & Ryranps 1998), northern muriquis females
care alone for their offspring, and during the weaning year they
still carry their offspring on long journeys. When the offspring
is about 2.5 years old, mothers typically resume cycling and copu-
lating, and if conception occurs, they give birth after a 7.2 month
gestation (StriEr & ZieGLER 1997). Consistent with studies on other
species (eg. ALrmanN 1980, Dungar et al. 2002), one comparison
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of northern muriqui females found that a female during her
first year of lactation spent significantly more time feeding than
a nonreproductive female, but there was no significant differ-
ence between her feeding time and that of a pregnant female
(Strier 1987). However, little is known about how the behavior
or energetic costs of females in their weaning year compare to
those of females in their post-weaning year.

Female northern muriquis usually experience a delay in
the resumption of ovarian cycling and conception after wean-
ing, which is thought to be related to the recovery of maternal
physical condition in preparation for reproduction (Strier et al.
2003). If the energetics associated with the resumption of cy-
cling and pregnancy are similar to those associated with infant
carrying during the weaning year, then the activity budgets (eg.
travel, feed and rest) of females in their weaning year should be
similar to those of females during their post-weaning year.

Like chimpanzees and baboons, northern muriquis live
in large mixed-sex groups, but unlike these primates, northern
muriquis maintain an egalitarian society in which aggression
is rare and there is no evidence of overt competition for food
(GuMARAEs & STRIER 2001, STrRIER 1993, 19994, STRIER ef al. 2002).
Indeed, females avoid feeding competition by avoiding close
proximity with other group members (Strier 1990), and by fis-
sioning into smaller feeding parties instead of increasing their
day ranges (Dias & Strier 2003). However, females with depen-
dent offspring may associate with one another to give their
infants opportunities to socialize (Strier 1999a), which would
lead to different social patterns between females in their wean-
ing and post-weaning years. Specifically, we predicted that fe-
males in their weaning year would spend more time in associa-
tion with other females with dependent offspring than females
in their post-weaning year despite the predicted similarities in
their activity budgets.

MATERIAL AND METHODS

This study was conducted from August 2004 to July 2005
at the RPPN Feliciano Miguel Abdala, in Minas Gerais, Brazil
(19°44’S, 41°49'W). This private reserve consists of 957 ha of
semidecidual forest and is surrounded by pasture and planta-
tions (StriEr et al. 2006). Minimum and maximum tempera-
tures during the study were 12 and 29°C, respectively. The an-
nual precipitation was 1,561 mm, slightly above the average of
1,252 + 426 mm (StriER et al. 2001).

The study subjects were nine adult females that had given
birth in 2002 and 2003 in the Matao group, which had from 77
to 84 members this year. Mothers of offspring born in 2002 (n =
5) were considered to be in their post-weaning; mothers of off-
spring born in 2003 (n = 4) were in their weaning year (Tab. I). All
females in their post-weaning year copulated during the study
and gave birth to new offspring in the later months of the study
or in subsequent months. Although the majority of offspring were
male, previous studies have shown that muriqui mothers do not
invest differentially in sons and daughters (ToLentiNo et al. 2008).
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Table I. Focal subjects and their reproductive status.

Focal Females Reproductive state Offspring sex

Birth date of offspring

Offspring age in months during the study

BA Post-weaning Male
FE Post-weaning Male
GA Post-weaning Male
NY Post-weaning Female
PL Post-weaning Male
YA Weaning Male
JU Weaning Female
VD Weaning Male
1Z Weaning Male

August 2002 24-36
October 2002 22-34
August 2002 24-36
November 2002 21-33
September 2002 23-35
August 2003 12-24
March 2003 17-29
May 2003 15-27
June 2003 14-26

We recorded the activities of mothers and mother-off-
spring distances during on-the-minute observations of focal
females (MARTIN & Barteson 1993). Focal samples were 10 minu-
tes in duration, and the samples were discarded if an individual
was lost to view for more than two minutes during a sampling
period. The activities recorded were adapted from previous stud-
ies on this group (Strier 1987, PrinTEs & STRIER 1999): resting,
traveling, feeding (ingesting food), socializing (eg. embraces,
play, and agonistic interactions), mother-offspring interactions
(socializing between the mother and her offspring), and drink-
ing water. When the focal subject was feeding, we also recorded
the item ingested (fruit, young leaf, mature leaf, flower, other
item) and when she was traveling we recorded whether she
was carrying her offspring. The mother-offspring distances were
distinguished as: In contact, within a 1 m radius, within a 5 m
radius, and outside of a 5 m radius.

During the focal observation periods, we also recorded
any neighbor within a 5 m radius of the focal female. The 76
individuals in the study group (excluding the focal females and
their infants, and individuals that died or emigrated during
the first two months of the study, or were born or immigrated
during the last two months) were classified into six neighbor
categories, in accordance with Strier (1993): Adult males (n =
20), young males (n = 9), adult females without dependent off-
spring (n = 8), young females (n = 13), females with dependent
offspring (n = 13) and dependent offspring (n = 13).

We used a similar protocol employed in previous muriqui
studies to reduce bias and maintain the independence of the
focal samples (Printes & STriER 1999). We used Mann-Whitney
U tests to compare the mean monthly proportion of time moth-
ers devoted to different activities and spent in proximity to
their infants in their weaning versus post-weaning years. We
divided the year into rainy and dry periods based on months
with =100 and <100 mm of rainfall, respectively. This resulted
in three periods: Dry season 1 (August to October 2004), Rainy
season (November 2004 to March 2005) and Dry season 2 (April
to July 2005). We used Friedman tests (Siegel 1975) to compare
the mean monthly proportion of time of weaning versus post-
weaning mothers in different activities across all periods.

We used the chi-square test to analyze the female neigh-
bor relationships. The expected frequencies for each category
of neighbor with the two types of focal females were calcu-
lated from the total number of records of neighbors (the num-
ber of individuals in each category the 76 individuals in the
group, excluding the focal female and her infant). If the results
of the chi-square test were significant (p < 0.05), we submitted
the results to standardized residual analysis (SieGeL 1975).

RESULTS

In total, we recorded 5,205 minutes of activities during
530 samples of focal females in their post-weaning year, and
3,034 minutes during 306 samples of focal females in their
weaning year. We found no significant differences in the aver-
age proportion of time that females in their weaning and non-
weaning years devoted to different activities (Tab. II). Females
in their weaning year appeared to devote significantly more of
their time to feeding on flowers than females in their post-
weaning year during Dry season 2, but this effect was due to
the exceptionally high proportion of feeding on flowers by only
one of the four weaning-year females (Tab. III).

Females in their weaning year spent an average of
56.80 = 26.72% (n = 4) of their travel time carrying offspring.
The three of the five post-weaning females that carried their
offspring did so for an average of 25.18 + 21.80% (n = 3). The
average proportion of travel time that females carried offspring
was negatively correlated with the age of the offspring
(Spearman Rank correlation: r, = -0.75, n = 24, p < 0.001), and
none of the offspring were carried when their mothers were
traveling after they had reached 26 months of age.

Females in their weaning year spent significantly more
time in contact with their offspring (Mann-Whitney: W = 16.0,
N, =4, N, =5, Mean # SE, = 16.86 * 1.67%, Mean + SE, = 10.37
+ 1.38%, p < 0.05) and within a 1 m radius of their offspring
(Mann-Whitney: W = 15.0, N, =4 N, =5, Mean + SE, = 20.32 +
1.53%, Mean + SE, = 13.15 £ 1.12%, p < 0.05) than females in
their post-weaning year. There were no differences in the per-
centage of time that females in their weaning and post-wean
years spent within a 5 m radius (W =23.0, N, =4, N,=5, Mean #
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Table Il. Mean + SE % of mean time devoted to different activities.

Behavior and food item

Mean = standard error of percentage of time

consumed Females in weaning year Females in post-weaning year Mann Whitney U test (W) results and their "p" values
Feeding 39.76 +1.57 39.86+2.16 W=27,p=0.713,N,=4,N,=5
Fruit 17.56 +2.38 16.81 £ 2.01 W= 24, p=0.902, N, =4,N,=5
Young leaf 2.59 £0.55 4,08 £1.02 W= 29, p=0.391,N,=4,N,=5
Mature leaf 13.62 £ 0.84 14.60 £1.47 W=29, p=0.3913,N, =4, N, = 5
Flower 5.27+1.38 3.55+1.02 W= 20, p=0.270, N, =4, N, =5
Resting 39.80 + 2.60 43.56 £ 4.00 W=27,p=0.713,N,=4,N,=5
Traveling 17.64 £1.08 14.69 £ 2.10 W=21, p=0.391, N, =4, N, =5
Socializing 1.41 £0.57 1.42 £0.39 W= 25, p=1.000, N, =4, N, =5
'(;‘f;f;‘":icrf'go“ with 0.65 +0.41 0.20+0.15 W=23,p=0.713,N,=4,N,= 5
Drinking water 0.74 £0.47 0.27 £0.15 W=22.5,p=0.624, N, =4, N, =5

Table Ill. Mean + SE % of mean time devoted to different activities across seasons.

Females in weaning year

Females in post-weaning year

Behavior and food items

Dry season 1 Rainy season  Dry season 2 Dry season 1 Rainy season  Dry season 2

Feeding 30.46 £5.67 4424 £5.55 48.05+2.68 2842+ 390 4594+236 40.67 +£2.29
Fruit 12.06 £5.08 30.93 £6.48 14.42+2.45 6.07+ 1.06 F 25.53£4.96F 13.39+2.56
Young leaf 3.19 £1.23 5.02+3.61 0.00 112+ 0.67 7.54+2.10 1.93+0.92
Mature leaf 9.93 £1.30 7.39+2.86 22.91+0.85 18.22+ 3.33 9.13£3.13  19.16 £1.65
Flower 4.79 £2.52 0.19+£0.19 9.70+1.23W 238+ 0.91 2.99 £2.05 5.17 £0.89 W
Resting 48.22 +4.78 27.88 +2.16 38.20+1.08 5212+ 6.09 37.49+4.65 45.00+3.07
Traveling 18.90 £2.31 2458 +2.16 10.85+2.71 16.46+ 299 15.26+2.93 12.57 £1.27
Socializing 0.56 £0.20 1.38+1.04 2.50+0.79 2.71 £10.59 0.87 £0.56 1.16 £0.59
Drinking water 0.30 £0.30 1.93+1.93 0.40+0.15 0.07 + 0.07 0.14 £0.06 0.59 £0.43
Interaction with offspring 1.56 £1.00 0.00 0.00 0.22+ 0.08 0.31 £0.31 0.00

(W) See text for details on this difference; (F) Fruit consumption by females in their post-weaning year differed significantly across seasons.

Post-hoc Tukey: Fr = 7.00, df = 2, p < 0.05.

SE, = 40.88 + 2.10%, Mean * SE, = 40.89 + 3.38%, p = 0.713) or
outside 5 m of their offspring (W = 33.0, N, =4, N,= 5, Mean #
SE, =21.93 + 1.34, Mean * SE, = 35.58 + 4.23, p = 0.066) (Fig. 1).

All members of the group were recorded as neighbors of
all focal females on at least one occasion. The frequencies of
neighbor categories differed significantly from expectations
based on their representation in the group for females in their
weaning year (x? = 65.33, df = 5, p< 0.05) and post-weaning
year (x> = 55.29, df = 5, p < 0.05). The standardized residuals
revealed that females in their weaning year were observed sig-
nificantly more often than expected in proximity with other
females with dependent offspring, and significantly less often
in proximity with young and old males. By contrast, females
in their post-weaning year were observed significantly more
often than expected in proximity with adult females with or
without dependent offspring, and significantly less often in
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proximity with both young males and young females (Fig. 2).

DISCUSSION

Consistent with our predictions, there were no differ-
ences in the activity budgets between females in their weaning
versus non-weaning years, and females in their weaning year
spent more time in proximity with their offspring and more
time carrying their offspring than females in their post-wean-
ing year. The similarity we found in the females’ activity bud-
gets differs from results of a previous study, when females in
their weaning year devoted more time to feeding than preg-
nant females. Although the average proportion of time that
females in their weaning year devoted to feeding was similar
in the two studies, sample did not include females during the
post-weaning to conception period, which might have affected
his results. In addition, different ecological and demographic
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Figures 1-2. (1) Mean + SE% of mean time mother-offspring distances. (*) Significant differences between females in their weaning and
post-weaning years. (2) 2. Standardized residuals of Chi-square test for neighbor categories. (AF) = Adult females, (FO) = females with
dependent offspring, (YF) = young females, (IN) = infants, (AM) = adult males, (YM) = young males. (*) Statistical significance was

considered when the residuals were greater than +2 or -2.

conditions could have affected the females’ behavior during
each of the study periods.

In accord with our prediction, females in their weaning
year were observed in proximity with other females with de-
pendent offspring more often than expected. This may reflect
similar activity patterns among females with dependent infants,
and is consistent with the idea that proximity provides oppor-
tunities for young offspring to socialize (Strier 1999a). We found
differences in the proximity of females in their weaning and
post-weaning years with adult males, which may be related to
differences in the females’ sexual activity. All of the females in
their post-weaning year resumed copulating, which may have
made them more attractive to males than sexually inactive fe-
males in their weaning year (Strier & ZieGLER 1994, 1997). Due
to their philopatric social structure the risk of infanticide by
male muriquis is considered minimal and this is supported by
a study of adult male-infant interactions, which showed their
interactions to be non-aggressive and very rare (GUIMARAES &
Strier 2001). Possamal et al. (2007) found a positive relationship
between the proportion of time that some females spent in
proximity with males and their copulation frequencies, sug-
gesting that at least some male-female spatial relationships may
be associated with sexual interactions.

Our results suggest that although the energetic costs of
reproduction in female northern muriquis may differ over their
3-year birth interval (Strier 1999b, 2003), their energy budgets
may be similar for different reasons (Fig. 3). During the first
year post-partum, female energetic requirements are primarily
associated with cost of lactation, but during the weaning year,
they are primarily associated with infant carrying, which be-
comes more costly as the body mass of the offspring increases
(ALrmanN 1980). Females may need to draw on their energy
reserves during both their lactation and weaning years, result-
ing in weight loss, as has been observed in lactating baboons

Physical conditio

Energetic requirements

® * “Pregnancy

Transport

0 6 12 18 24 30 36
Offspring age in months
Figure 3. Graphical model representing changes in female energetic
requirements across reproductive phases.

(BercovitcH 1987) and poor physical condition, as has been
observed in female marmosets that were carrying infants
(SANcHEZ et al. 1999), respectively. Female muriquis may reduce
their investment in lactation after the first six months in order
to sustain the rising energetic costs of carrying growing off-
spring. We consider that carrying offspring is energetically
costly for female muriquis because in addition to traveling more
than one kilometer, on average, per day (Dias & Strier 2003),
their suspensory locomotion is more energetically expensive
than the quadruped locomotion employed by most other pri-
mate species (LEONARD & ROBERTSON 1997, STEUDEL-NUMBERS 2003).

In the post-weaning year, when females have ceased to
carry their offspring, they may switch to recovering their ener-
getic reserves for subsequent reproductive cycling and pregnancy.
StriER ef al. (2003) showed that female muriquis have signifi-
cantly higher levels of cortisol during the post-weaning/anovu-
latory and cycling/copulation phases than males, which can be
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attributed to the energetics required for cycling and pregnancy.
The recovery of female physical condition prior to the resump-
tion of cycling and conception is also known to be important in
other primates (Baboons: Bercovitch 1987, Attmann 1980, Lycert
et al. 1998, spider monkeys: FEpigan & Rose 1995).

Although infant carrying in muriquis ceases when their
infants are 26 months of age, mothers may continue to help
their offspring to traverse wide gaps in the canopy by using
their bodies as a “bridge” between the branches . However, there
is no evidence of consistent, preferential associations or inter-
actions between mothers and their older offspring that could
be interpreted as energetically expensive investment (ToLENTINO
et al. 2008).

The energetic requirements of pregnant females may be
focused on conserving energy in preparation for dry season
births, when energy rich foods are scarce (Strier 1991, 2004,
Strier et al. 2001). Female Leontopithecus rosalia Linnaeus, 1766,
are also thought to store energy for copulation, pregnancy and
the early months after birth (MiLLer et al. 2006).

Our interpretation of the similar energetic requirements
of muriqui females in their weaning and post-weaning years
emphasizes the non-lactational costs of reproduction (Fig. 3).
Future research focused on behavior and physiology, including
female weights, during the weaning and post-weaning years is
needed to evaluate the generality of our findings to other pri-
mates with different reproductive and infant caretaking patterns.
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