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1 | INTRODUCTION

| Puji Rianti? | Gabriella M. Fredriksson® | Serge A. Wich®* |

Abstract

In contrast to the African great apes, orangutans (Pongo spp.) are semisolitary: In-
dividuals are often on their own, but form aggregations more often than expected by
chance. These temporary aggregations provide social benefits such as mating op-
portunities. When fruit availability is high, costs of aggregating should be lower,
because competition is less pronounced. Therefore, average party size is expected to
be higher when fruit availability is high. This hypothesis would also explain why
orangutans in highly fruit-productive habitats on Sumatra are more gregarious than
in the usually less productive habitats of Borneo. Here, we describe the aggregation
behavior of orangutans in less productive Sumatran habitats (Sikundur and Batang
Toru), and compare results with those of previously surveyed field sites. Orangutans
in Sikundur were more likely to form parties when fruit availability was higher, but
the size of daily parties was not significantly affected by fruit availability. With
regard to between-site comparisons, average party sizes of females and alone time
of parous females in Sikundur and Batang Toru were substantially lower than those
for two previously surveyed Sumatran sites, and both fall in the range of values for
Bornean sites. Our results indicate that the assessment of orangutans on Sumatra as
being more social than those on Borneo needs revision. Instead, between-site

differences in sociality seem to reflect differences in average fruit availability.
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temporal aggregation

et al, 2008; Mitani, Grether, Rodman, & Priatna, 1991; van
Schaik, 1999). These parties mainly seem to provide social benefits,

In contrast to the African great ape species, orangutans (Pongo spp.)
are semisolitary (Mitra Setia, Delgado, Utami Atmoko, Singleton, &
van Schaik, 2009). Individuals are often found alone, but form tem-

porary parties more often than expected by chance (Knott

such as opportunities to mate, socialize and play, or find protection
from harassment (Delgado & van Schaik, 2000; van Schaik, 1999).
Also, temporary party formation provides opportunities for social

transmission and social learning (Schuppli et al., 2017; van Schaik &
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Knott, 2001). The observed variation in orangutan party size seems
dynamics  (Aureli

et al., 2008; van Schaik, 1999) and individuals are often solitary and

form relatively small parties because of the high costs of feeding

to reflect individual-based fission-fusion

competition.

For other individual-based fission-fusion species, such as
spider monkeys (Ateles spp.) and chimpanzees (Pan troglodytes),
multiple studies have documented a significant positive correla-
tion between food abundance and distribution, and party size
(Chapman, Wrangham, & Chapman, 1995; Rodrigues, 2017,
Shimooka, 2003; Symington, 1988; Wittiger & Boesch, 2013).
Fissioning into smaller groups during periods of low fruit avail-
ability may reduce travel costs imposed by scramble competition
(Snaith & Chapman, 2007). If so, between-population differences
in average group size could reflect differences in fruit availability,
and within-site temporal variation in group size could correlate
with temporal variation in fruit abundance.

Orangutans seem to experience intense scramble competition,
which may partly explain their solitary lifestyle (Knott &
Kahlenberg, 2010). Scramble competition between orangutans is
very likely the result of the distribution of their preferred food
sources: They prefer to feed in trees that are relatively small and
dispersed compared with other great apes (Fleming, Breitwisch, &
Whitesides, 1987; Knott, 1999), and they more often face periods of
fruit scarcity (Knott & Kahlenberg, 2010). Multiple findings suggest
that orangutans experience and try to avoid scramble competition.
For example, Bornean orangutans (Pongo pysmaeus) experience
longer day ranges when they congregate in parties (Galdikas, 1988)
and Bornean orangutan females actively avoid each other (Knott
et al, 2008). In addition, Sumatran orangutan (Pongo abelii)
aggregation size in fig trees matches food abundance in such a way
that scramble competition does not occur during aggregations
(Utami, Wich, Sterck, & van Hooff, 1997).

Studies on average party size in orangutans have documented a
difference between Borneo and Sumatra, with Sumatran orangutans
having a larger average party size (Mitra Setia et al, 2009; van
Schaik, 1999). In addition, Sumatran orangutans generally spend less time
being solitary than those on Borneo (van Noordwijk et al., 2009). This
pattern could result from interisland differences in food production.
Previously studied Sumatran sites had a higher average fruit availability
than those on Borneo (Marshall et al., 2009; Wich et al,, 2011). If this
pattern is consistent across Sumatra, orangutans there should experience
fewer periods of fruit scarcity than orangutans on Borneo, which would
reduce scramble competition and consequently the costs of party for-
mation relative to the sites on Borneo (Mitra Setia et al., 2009).

Regarding temporal variation in average orangutan party size
within sites, the role of temporal fluctuations in fruit availability
remains unclear. Bornean orangutans in Gunung Palung formed
more parties during periods of high fruit availability (Knott, 1998),
but in Sabangau only, flanged males had an increased average party
size when fruit availability was high (Harrison, Morrogh-Bernard, &
Chivers, 2010). Similarly, Sumatran orangutans in Ketambe were

more likely to form parties, and these parties were larger when

fruit availability was higher (Sugardjito, te Boekhorst, &
van Hooff, 1987). However, Sugardjito et al. (1987) did not take the
duration of parties into account. More recent studies that did in-
clude party duration in their analyses found no significant effect of
fruit availability on party size in both Ketambe (Wich, Geurts,
Mitra Setia, & Utami Atmoko, 2006) and Suaq Balimbing
(van Schaik, 1999). However, fruit availability in Ketambe and Suaq
Balimbing may always be high enough to offset the costs of party
formation (Wich, Geurts et al., 2006).

In addition to temporal differences in average party size, age-sex
classes may also differ in their degree of sociality. However, age-sex
class differences in sociality seem to vary between sites. While some
studies have found no significant differences in sociality between
age-sex classes (e.g., van Schaik, 1999), others have found unflanged
males (e.g., Wich, Geurts et al., 2006) or nulliparous females (e.g.,
Galdikas, 1985a) to be the most social. In general, unflanged males
and nulliparous females seem to have the highest average party size,
while flanged males, especially low-ranking flanged males, have the
lowest average party size (Mitra Setia et al., 2009). For unflanged
males, forming parties with adult females is an essential part of
their reproductive strategy (Galdikas, 1985b; Utami Atmoko &
van Hooff, 2004), while sociality of nulliparous females has been
explained as contributing to social bonding (Galdikas, 1985a). For
flanged males, by contrast, party formation may be very costly, as a
result of their large body size (Delgado & van Schaik, 2000; Utami
Atmoko & van Hooff, 2004). Lastly, party formation may be costly for
parous females because of the energetic demands of motherhood
(e.g., lactation). Party formation may, however, offer their infants
opportunities to play, which is important for social development
(van Noordwijk et al., 2012).

Previous studies of orangutan party size on Sumatra have
been conducted mainly in the relatively well-protected and pri-
mary forest areas of Ketambe (Wich, Geurts et al., 2006) and Suaq
Balimbing (van Schaik, 1999). These sites are prime habitat for
orangutans and are generally characterized by low levels of human
disturbance and high levels of fruit availability, compared with
many Bornean study sites (Husson et al., 2009; Marshall
et al., 2009; Wich et al, 2011). Therefore, it is questionable
whether the results from these two populations are generalizable
to other orangutan populations on Sumatra. Although average
orangutan densities are higher on Sumatra than on Borneo
2009),
variation in the population density on Sumatra (Sumatran
range: 0.43-10.18ind./km?%; Bornean range: 0.31-5.59 ind./km?;
Husson et al., 2009). So, while some Sumatran sites support rela-

(Husson et al, there also seems to be more

tively high estimated densities, many others are characterized
by low estimated densities. In some cases, these estimated
densities are lower than those of some Bornean field sites.

This study contributes to an understanding of how forest pro-
ductivity relates to variation in orangutan aggregation by assessing
the aggregation behavior of two orangutan populations living in less
productive Sumatran forest. These study sites include Sumatran or-

angutans in Sikundur and the recently described Tapanuli orangutans
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in Batang Toru (Nater et al, 2017). These two sites have fruit
availabilities that are similar to or even lower than Bornean forests
(Knop, Ward, & Wich, 2004; Wich et al., 2014). Both sites are subject
to rare supra-annual peaks in fruit production, known as mast fruit-
ings (Wich & van Schaik, 2000). While for Batang Toru, it appears
that fruit availability increases only during mast periods, Sikundur
shows yearly fluctuations in fruit availability, with the highest fruit
availabilities during mast periods.

Our study had three main objectives. First, we aimed to de-
termine whether within-site temporal variation in average party size
correlated positively with temporal changes in fruit availability. We
expected orangutans to form parties at a higher rate and spend
more time in parties during periods of high fruit availability. Second,
for the Sikundur data set, we aimed to determine whether aggrega-
tion behavior differed between age-sex classes. We expected
unflanged males and nulliparous females to be the most gregarious
age-sex classes. Flanged males, in contrast, were expected to be
the least social age-sex class. Our third objective was to compare
average female party size and parous female alone time in less pro-
ductive Sumatran forest with values for other field sites on Borneo
and Sumatra. We expected that average female party size and parous
female alone time would be similar to previously reported values for
Borneo because fruit availability in Batang Toru and Sikundur is
similar to many previously studied Bornean sites. Given that
orangutans may increasingly experience low fruit availability as a
result of logging, understanding how this affects aggregation

behavior is important for orangutan conservation.

2 | METHODS
2.1 | Study areas

The Sikundur study area (3°57'26.4"N/98°04'21.0"E; ca. 6.5 km?) is
located within the Gunung Leuser National Park (Taman Nasional
Gunung Leuser) in Northeast Sumatra (Langkat District, North
Sumatra Province), which itself is situated within the 2.7 million ha
Leuser Ecosystem. The study site is located next to the Besitang
River and consists of mixed dipterocarp lowland (30-100 m eleva-
tion) forest and alluvial forest along the river (Knop et al., 2004). The
area was selectively logged from the late 1960s until the 1980s, and
illegal logging still occurs at the borders of the national park; how-
ever, the forest has regenerated well enough to house prelogging
orangutan densities (Knop et al., 2004).

The Batang Toru Ecosystem consists of roughly 150,000 ha of
primary upland forest located in the North-, Central-, and South-
Tapanuli Districts, North Sumatra Province (Wich, Fredriksson,
Usher, Kahl, & Nowak, 2019). The Batang Toru study area (1°41'9.1”
N/98°59'38.1"E; ca. 13.5km? elevation 850-1,100m; Wich
et al,, 2014) is positioned in the western forest block and consists of
three forest types: heath forest, lowland forest, and mixed dipter-
ocarp forest. Wich et al. (2014) provide a more extensive general

description of the local climate and phenology.
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2.2 | Behavioral data collection

At both Batang Toru and Sikundur, Yayasan Ekosistem Lestari-
Sumatran Orangutan Conservation Programme (YEL-SOCP) employs
approximately six full-time local staff members to conduct long-term
monitoring of the local orangutan populations. All new staff members
were given an introductory period of training (ca. 3 months). Only
once they demonstrated a full knowledge of all data collection pro-
tocols were they allowed to collect data for the YEL-SOCP long-term
database.

Staff members followed individual orangutans from nest-to-nest
(dawn till dusk). If there were no individuals to follow after a focal
individual was lost or was followed for 10 days in a row, the staff
members searched for a new individual. During focal follows, data
collection matched the Orang-utan Data Collection Standardization,
which is commonly used at most orangutan field sites (Morrogh-
Bernard, Husson, & Mclardy, 2002). Data were collected as in-
stantaneous records of the behavior of focal individuals at 2-min
intervals (Altmann, 1974).

During focal follows, assistants recorded the start and end time
of each party. We counted the subject as belonging to a party with
another orangutan if they were within 50 m of each other. We re-
cognized four age-sex classes (Morrogh-Bernard et al., 2009): (a)
unflanged males (UM) were adult males without cheek pads and
adolescent males; (b) flanged males (FM) were adult males with
cheek pads; (c) adolescent females, who still had small body size, and
nulliparous adult females (young sexually active females that did not
have an infant yet) were classified as nulliparous females (NF). In
general, the absence of an infant is a good indicator of parity in
orangutans, because infant mortality rate is extremely low (van
Noordwijk et al., 2018; Wich et al., 2004); (d) parous females (PF) had
a dependent infant. We did not count dependent offspring as
party members, but a dependent individual became an independent
individual when its mother gave birth to another offspring
(Morrogh-Bernard et al., 2002).

We calculated the focal individual's party size (PS;) for
every focal follow of >3hr, according to the following formula
(van Schaik, 1999; Wich, Geurts et al., 2006):

PS; =1+ (Ztij/-ﬁ)y

where T; is the active period of the focal individual that day, and Xt;;
reflects the time that focal individual i spent in association with any
other independent individual j, summed for all js. This formula in-
corporates both the number of associating individuals and the
duration of these associations. A daily party size of 1 means that the
focal individual was solitary.

Active periods started with the first activity outside the morning
nest and ended with the first resting bout in the evening nest. For
days when the focal individual was not followed from nest-to-nest,
we defined the active period start and end times as the moments
when we first or last saw the focal individual, respectively. We in-

cluded follows of >3 hr only (Morrogh-Bernard et al., 2002), because
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using shorter focal follows may increase Type | error (Harrison,
Vogel, Morrogh-Bernard, & van Noordwijk, 2009). We chose the 3-hr
cut-off to minimize data loss, especially for Batang Toru, where a
more stringent criterion (e.g., 6 hr) would result in almost 20%
data loss.

Our final data set for Sikundur comprised 905 focal follows of
over >3hr (June 2013 through May 2015 inclusive; >9,000 ob-
servation hours). In total, we observed 17 independent individuals in
Sikundur: three unflanged males, seven flanged males, two nullipar-
ous females, and five parous females (Table S1). One of the parous
females, Madeline, was a nulliparous female at the start of the study
period but gave birth to an infant during the study. Moreover, we
observed three independent individuals aggregating with other
orangutans, but they were not focal individuals (Table S1).

For Batang Toru, we collected 195 focal follows of over >3 hr for
Batang Toru (January 2015 through October 2017 inclusive; >1,800
observation hours). In Batang Toru, six independent individuals were
observed: two unflanged males, one flanged male, one nulliparous

female, and two parous females (Table S2).

2.3 | Phenological data/fruit availability

We assessed general fruit availability using phenology plots
(Marshall & Wich, 2013). For Sikundur, twenty 25x25m plots
(total: 1.25ha), containing approximately 800 stems total, were
sampled every month between June 2013 and May 2018. The
20 plots, scattered throughout the area, covered all microhabitat
types and the entire elevation range of Sikundur. For Batang Toru,
fifteen 10x 100 m plots (total: 1.5ha), containing approximately
1,500 stems, were sampled on a monthly basis between March 2009
and October 2017. These plots were evenly spread among the three
microhabitat types. For Batang Toru, we used the phenology data
that corresponded to the study period (January 2015 through
October 2017 inclusive) in our analyses but used the full phenology
data set to compute average fruit availability and monthly variation
in fruit availability.

At both field sites, trained staff members noted for every liana or
tree stem with a diameter at breast height (DBH) of 210 cm whether
it was bearing fruit. All species were sampled, so no distinction was
made between fruits that were or were not part of the orangutan
diet, because habitat-wide fruit availability generally correlates
strongly with the availability of fruits that orangutans eat (Vogel
et al.,, 2008; Wich, Geurts et al., 2006). Based on the phenological
data, we calculated a monthly fruit availability index (FAI) as a proxy
for fruit availability. The monthly FAI was the percentage of sampled
stems bearing fruit, irrespective of ripeness and quantity.

2.4 | Statistics

All data analyses were carried out in R v.3.5.0 (R Core Team, 2018)
and RStudio v.1.1.453 (RStudio Team, 2016). To test for the effect of

seasonality on fruit availability in Sikundur and Batang Toru, we used
Kruskal-Wallis tests to test for FAI variability across the months of
the year. For Batang Toru we ran the analysis twice: both for the
study period and for the full period for which phenological data were
available (2009-2017). We did this to see whether (lack of) seasonality
was apparent only in our relatively short study period, or was char-
acteristic of Batang Toru in general. We used mixed-effect models
from the packages Ime4 (Bates, Méchler, Bolker, & Walker, 2015)
and ImerTest (Kuznetsova, Brockhoff, & Christensen, 2017) for our
analyses, and an alpha level of .05 for all tests. In all analyses, we
mean-centered the FAI, to make the intercept more meaningful.

To analyze the data for Sikundur, we used a two-stage hurdle
model, consisting of a mixed-effects logistic regression to predict
the presence or absence of party formation, and a mixed-effects
gamma regression with an inverse link function to predict the daily
party size, if a party occurred. We modeled both the presence/
absence of party formation and the party size as functions of
FAl and age-sex class and added random intercepts per focal
individual.

To test whether the probability of party formation and the size
of the party differed significantly between age-sex classes in
Sikundur, we ran post hoc comparisons using estimated marginal
means (emmeans; Lenth, 2019). We used Tukey adjustments to
control for multiple comparisons.

For Batang Toru, we used only a mixed-effects logistic regression
to predict the presence or absence of party formation. We modeled
the occurrence of party formation as a function of FAI. In addition,
we added random intercepts for each individual. We did not test for
differences in party formation between the age-sex classes because
of the low number of focal individuals per age-sex class. In addition,
we did not model the size of the party, if a party occurred, as a
function of FAI, because parties were formed in only 37 of 195 focal

follows.

2.5 | Between-site comparison

Data from previous studies on orangutan party size at other field
sites were obtained from Mitra Setia et al. (2009). It is common to
report the average female party size when comparing aggregation
behavior between sites. To obtain the average female party size, we
calculated average daily party sizes per female and took the average
of those individual values. For Sikundur, this was based on long-term
data of six females (three parous, two nulliparous, one nulliparous/
parous), and for Batang Toru this was based on data of three females
(two parous, one nulliparous).

Furthermore, we estimated alone time for parous females in
Batang Toru and Sikundur by calculating for each parous female how
much of their total observation time she spent completely solitary.
We used long-term data for four parous females in Sikundur, and
two parous females in Batang Toru. We compare these values with
the data reported for Suaq Balimbing, Ketambe, Tuanan, and

Sabangau in van Noordwijk et al. (2009).
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FIGURE 1 Fruit availability index (FAI) in (a) Sikundur between
June 2013 and May 2018, and (b) in the Batang Toru area between
June 2015 and October 2017. Note that the average FAI and standard
deviation (SD) were calculated using the data of March 2009 until
June 2018. Note that there is one missing value (July 2016)

2.6 | Ethical note

All applicable institutional guidelines were followed, and research
complied with the American Society of Primatologists Principles for
the Ethical Treatment of Non-Human Primates. The research followed
all of the regulations of the Ministry of Forestry and Environment
for Indonesia and involved only noninvasive observations with
well-habituated focal individuals.

3 | RESULTS
3.1 | Sikundur

On average, the FAIl in Sikundur between June 2013 and May 2018 was
2.13 (red line; Figure 1). FAI ranged between 0.3 and 13.4 (standard
deviation [SD] = 2.54). In general, fruit availability was around 1% for
most months, with short peaks of 2-5% each year. A Kruskal-Wallis
test for seasonality revealed that FAIl differed significantly across
months of the year (¥*(11) = 25.02; p = .009). Note that one mast fruiting
event (FAI of >1.96 x SD above average FAI; Wich & van Schaik, 2000)
occurred between June 2014 and September 2014.
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The logistic model showed a positive relationship between FAI
and the probability of party formation (Table 1 and Figure 2). We
found no such relationship, however, for the effect of FAI on daily
party size in the gamma model (Table 1 and Figure 2).

Age-sex class did not have a significant influence on the prob-
ability of party formation (;(2(3) =5.037; p=.169; Figure 3). Conse-
quently, all post hoc comparisons were nonsignificant (all corrected
p >.17; Table S3). However, age-sex class did predict the size of
formed parties (¥*(3) = 10.488; p=.015; Figure 3). Post hoc tests
revealed that unflanged males formed larger parties than flanged
males (z=2.823; p=.025). All other post hoc tests were non-
significant after adjusting for multiple comparisons (Table S3).

3.2 | Batang Toru

On average, the FAIl in Batang Toru between March 2009 and June
2018 was 7.55 (red line; Figure 1). During the study period (January
2015 to October 2017), there was little variation in FAI between
months, and there were no large peaks in fruit availability. Variability
in FAl was lower than in Sikundur (SD=1.73). Using the
Kruskal-Wallis test, we found no evidence for an effect of month of
the year on FAI, in both the full period (4*(11) = 12.33; p =.340) and
the study period (¥*(11) = 11.01; p = .443).

The logistic model did not show a significant relationship
between FAI and the probability of party formation in Batang Toru
(Table 2 and Figure 4).

3.3 | Between-site comparison

The average female party size was 1.26 for Sikundur and 1.09 for
Batang Toru. Both values are substantially lower than previous re-
ports from Sumatra and fall within the range of previous values for
Borneo (Figure 5). Furthermore, parous female alone time was similar
to Bornean sites as well (Figure 5). Parous females in Sikundur were
alone 80% of the time, compared with 91% of the time for parous
females in Batang Toru. These results indicate that the grouping
behavior of females in less productive Sumatran forest is similar to
grouping behavior of females on Borneo, as is the fruit availability.

4 | DISCUSSION

Previous research (van Schaik, 1999; Wich, Geurts et al., 2006)
suggested that orangutans on Sumatra are more social than their
Bornean counterparts (Mitra Setia et al., 2009), likely as a result of
interisland differences in fruit availability (Morrogh-Bernard
et al., 2009). However, studies of orangutans on Sumatra occurred
in highly productive habitat, which is not representative of the range
of habitats that these primates occupy. Studying aggregation beha-
vior in less productive habitats is important to unravel the driving

factors behind sociality, as fruit availability may have a profound
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TABLE 1 Model output for both the binomial and the gamma mixed model that was applied to the Sikundur data set
Probability of party formation Size of formed parties
Odds ratio 95% ClI z value p Estimates 95% ClI t value p
Predictors
Intercept 0.37 0.17-0.80 -2.54 .011 411 2.95-5.74 8.31 <.001
FAI (mean-centered) 1.17 1.10-1.25 4.89 <.001 0.97 0.94-1.01 -1.61 .107
Age-sex class (NF) 151 0.70-3.24 1.05 294 145 0.83-2.51 1.32 .188
Age-sex class (FM) 247 0.79-7.76 1.55 121 1.82 1.07-3.09 2.20 .027
Age-sex class (UM) 3.64 1.05-12.60 2.04 .042 0.81 0.51-1.27 -0.92 .358
Random effects
o 3.29 0.54
Too 0'72Focal 0~02Focal
ICC 0.18 0.04
N 17Foca| 16Focal
Observations 905 342
Marginal R?/conditional R? .090/.253 .140/.174

Abbreviations: Cl, confidence interval; FAI, fruit availability index; FM, flanged male; ICC, intraclass correlation coefficient; NF, nulliparous female; UM,

unflanged male.
Statistically significant values are in bold.

influence on aggregation behavior: Scramble competition in highly
productive forests should be less intense, thereby reducing the costs
of aggregation.

Our study on orangutans in two less productive Sumatran for-
ests documented average party sizes that were very similar to values
for Borneo and substantially lower than those of the Sumatran
orangutans in the more productive long-term study sites Ketambe
and Suaq Balimbing (Figure 5), thereby challenging the notion that

Bornean orangutans are less social than their Sumatran counterparts.
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FIGURE 2 Relationship between fruit availability index (FAI;
mean-centered) and (a) probability of party formation and (b) daily
party size in Sikundur. Shaded area shows 95% confidence interval.
*Statistically significant results

Below we discuss the effect of fruit availability (Batang Toru and
Sikundur) and age-sex class (Sikundur) on orangutan aggregation
behavior, suggest improvements for future studies of orangutan ag-
gregation behavior, and outline conservation implications of our
results.

4.1 | Within-site variation in party size

Our hypothesis that aggregation behavior is a plastic response to
fruit availability is partly corroborated by the fact that the prob-
ability of party formation correlated positively with fruit avail-
ability in Sikundur. This result could be interpreted as evidence
that higher fruit availability indeed reduces the costs of party
formation, thereby increasing the probability of party formation
during these periods. However, when parties were formed, the
daily party size did not correlate positively with fruit availability.
Therefore, it is questionable whether fruit availability also impacts
the duration and size of parties. Our results are in line with
Sugardjito et al. (1987), who found that increased fruit availability
was associated with a higher probability of party formation and
larger parties in Ketambe. As mentioned before, Sugardjito et al.
(1987) did not take the duration of parties into account, which is
an important limitation. Our results are in contrast with other
reports from Ketambe and Suaq Balimbing (van Schaik, 1999;
Wich, Geurts et al., 2006), where no effect of fruit availability on
aggregation behavior was found. These studies may have failed to
find such an effect because fruit availability was always high en-
ough to offset the energetic costs of aggregation (Wich, Geurts
2006).

Sikundur, variation in fruit availability may indeed have a

et al, However, in less productive habitats like

considerable impact on aggregation behavior.
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FIGURE 3 Relationship between age-sex class and (a) probability
of party formation and (b) daily party size in Sikundur. Error bars
show 95% confidence interval. *Statistically significant results. FM,
flanged male; NF, nulliparous female; PF, parous female; UM,
unflanged male

The ambiguity of results on within-site variation in sociality
might also have a methodological explanation. First, it could be re-
lated to the way we measured fruit availability. An index based on
only presence/absence of fruit may be a very rough proxy. In addition
to tree DBH and crown size (Chapman et al., 1992), factors such as
nutritional quality of available fruit (Busia, Schaffner, Rothman, &
Aureli, 2016) and distribution of the available fruit within the habitat
(Chapman et al., 1995; Ramos-Fernandez, Boyer, & Gomez, 2006) are

expected to have a significant influence as well. These measures

TABLE 2 Model output for the binomial mixed model that was
applied to the Batang Toru data set

Probability of party formation

Odds ratio 95% CI zvalue p

Predictors

Intercept 0.26 0.16-040 -5.88 <.001

FAl (mean-centered) 0.82 0.60-1.12 -1.27 .203
Random effects

o 3.29

T00 Focal 0.01

ICC 0.00

Nrocal 6
Observations 195

Marginal R?/conditional R> .019/.023

Abbreviations: Cl, confidence interval; FAI, fruit availability index; ICC,
intraclass correlation coefficient.
Statistically significant values are in bold.
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FIGURE 4 Relationship between fruit availability index (FAI;
mean-centered) and the probability of party formation in Batang
Toru. The shaded area shows the 95% confidence interval

combined with general presence/absence of food might enhance our
understanding of the observed variation in aggregation behavior.
Second, social factors may explain a large amount of variation in
party size. For example, the identity of the associating individual may
influence party formation and duration (e.g., kin or nonkin), the type
of party (e.g., consortship, feeding party), and female fecundity may
affect party formation. Finally, we note that our Sikundur data set
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FIGURE 5 Female party size (a) and parous female alone time
(b) across Borneo and Sumatra (figures adapted from Mitra Setia
et al,, 2009 and van Noordwijk et al., 2009, respectively). Previous
studies are shown in dark gray, this study in light gray. Dots show
values for each individual for Sl and BT. BT, Batang Toru; GP,
Gunung Palung; KE, Ketambe; KU, Kutai; SA, Sabangau; SB, Suaq
Balimbing; SI, Sikundur; TP, Tanjung Puting; TU, Tuanan
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contained relatively few data points from periods with high fruit
availability. More data from periods of high fruit availability, espe-
cially periods of mast fruiting, are necessary to confirm and expand
our findings for Sikundur.

In contrast to the Sikundur orangutan population, FAI did not
significantly predict party formation in Batang Toru. While this
conflicting finding may result from a small sample size, we think
this explanation is unlikely, as analysis of the first 2.5 years of
Sikundur data still identified a significant correlation between fruit
availability and party formation (z = 4.872; p <.001). An alternative
explanation is that FAI variability at Batang Toru was quite low
during the study period, making it difficult to detect a pattern in
the data. Indeed, the lack of variability would be a plausible
explanation, as most data points for Batang Toru had an FAI of
between 7 and 9, while FAI values in Sikundur were more evenly
distributed in the first 2 years. Previously, large aggregations of
Tapanuli orangutans have been observed during the fruiting of
Dacrydium beccarii trees (Wich et al.,, 2014). This anecdote in-
dicates that such events may indeed reduce the costs of party
formation. Possibly, the fruit availability during our study period
was never high enough to reduce these costs, or an increase in
party formation may be related to the availability of specific foods
of high nutritional quality. Further research would allow for a
more thorough investigation into the aggregation behavior of the

orangutans in Batang Toru.

4.2 | Age-sex class differences

Contrary to our expectation that unflanged males and nulliparous
females would be more social than other age-sex classes in Sikundur,
we found little effect of age-sex class on aggregation behavior. Age-
sex class did not significantly predict the occurrence of party for-
mation. Unflanged males were most likely to form parties, but the
difference with other age-sex classes was not significant. However,
we did find that unflanged males had significantly larger daily party
sizes than flanged males when they formed parties.

Our results regarding age-sex class differences match the am-
biguous results of previous studies. As we have shown, unflanged
males tend to be the most social age-sex class, while other age-sex
classes are less social and roughly similar to each other. Wich, Geurts
et al. (2006) found a similar pattern for Ketambe. However, in Ke-
tambe the average party size of unflanged males was significantly
higher than for all other age-sex classes, while we found a significant
difference between only flanged males and unflanged males. In that
sense, our results are also comparable to previous results from Suaq
Balimbing, where average party size did not differ substantially be-
tween age-sex classes (van Schaik, 1999).

Contrary to our expectations, nulliparous females were not sig-
nificantly more social than parous females and flanged males, which
contrasts with previous results from Borneo (Galdikas, 1985a). This
discrepancy highlights the need for long-term studies. Our current

study population contained only two regularly observed nulliparous

adult females, of which one gave birth in the second year of ob-
servation. Altogether, we had no data on adolescent females that had
just become independent of their mothers in our data set. Long-term
studies, which are capable of incorporating more individuals over
longer periods of time, are essential in evaluating such conflicting
results (Kappeler, van Schaik, & Watts, 2012).

4.3 | Between-site comparison

Both in Batang Toru and Sikundur, average female party size was
substantially lower than for previously studied orangutan popula-
tions on Sumatra but very similar to values for Bornean populations
(Figure 5). Furthermore, parous female alone time was similar to
previously sampled Bornean sites (Figure 5). These results challenge
the notion that orangutans on Sumatra are strictly more social than
orangutans on Borneo (e.g., Mitra Setia et al., 2009), and indicate that
the perceived interisland differences in orangutan grouping behavior
may need revision. Our results add to a growing body of evidence
that shows that many of the previously noted differences between
orangutans on Borneo and Sumatra are no longer valid (e.g., life
history; van Noordwijk et al., 2018).

The main conclusion about the difference in average party size
between the islands is that Sumatran populations seem to show
much more heterogeneity than those on Borneo. This social varia-
bility is consistent with Sumatra being more heterogeneous with
regard to fruit availability as well: Some Sumatran sites have rela-
tively high fruit availability (e.g., Ketambe and Suaq Balimbing)
(Marshall et al., 2009; Wich et al., 2011) while others have fruit
availability indices more similar to (e.g., Batang Toru) or even lower
than (e.g., Sikundur) Bornean field sites.

Still, some differences in sociality between sites remain un-
explained. For example, Batang Toru has a higher average FAI than
Sikundur but has a lower average female party size than Sikundur.
This pattern suggests that our FAI does not entirely represent the
distribution and availability of food from an orangutan perspective.
Second, the fact that FAIl is measured differently at different
field sites further complicates direct comparisons. While some sites
use a simple, general FAI, others use more sophisticated methods,
such as sampling orangutan-specific food species, incorporating
patch size and maturation stage of the fruits, or incorporating food
quality. Such methodological differences may affect the reliability of
the between-site comparisons. More consistency in measurement
between field sites could facilitate better between-site comparisons.
However, we note that multiple studies have documented a high
agreement between orangutan-specific FAlIs and the more general
FAI utilized here (e.g., Vogel et al., 2008; Wich, Geurts et al., 2006).

4.4 | Conservation implications

Studying the behavior of orangutan populations living in less pro-

ductive habitats such as Sikundur and Batang Toru is important to
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understand how orangutans cope with human habitat alteration and
how resilient they are to long periods of low fruit availability (Spehar
et al., 2018). Many orangutans live outside protected areas (Bornean
orangutan: 60-69%; Sumatran orangutan: 0-9%; Tapanuli orangutan:
90-99%) and their habitats will likely become smaller and more
fragmented in the future (Ancrenaz et al., 2016; Nowak, Rianti, Wich,
Meijaard, & Fredriksson, 2017; Singleton, Wich, Nowak, Usher, &
Utami Atmoko, 2017). Logging has a negative impact on fruit avail-
ability (e.g., Rao & van Schaik, 1997; Hardus, Lameira, Menken, &
Wich, 2012; but see Knop et al., 2004). Similarly, fruit availability
decreases with altitude (Djojosudharmo & van Schaik, 1992), which
may contribute to the relatively low fruit availability in the Batang
Toru area.

While logging does not result in low orangutan densities per se
(Borneo: Marshall et al., 2006; Seaman et al., 2019; Sumatra: Knop
et al., 2004), behavioral changes that accompany logging suggest
increased energetic costs (Hardus et al, 2012; Rao & van
Schaik, 1997) or decreased nutrient intake (e.g., increased reliance
on fallback foods: Russon, Kuncoro, & Ferisa, 2015) in logged or
damaged forest. These behavioral changes may ultimately also
influence costly activities, such as party formation. Accordingly,
we suggest that future investigations of how logging affects
orangutan behavior should also try to incorporate grouping
behavior, along with data on diet composition and activity budget.
Such data would allow for investigating the direct effect of logging
on sociality.

This study shows that orangutans in less productive Sumatran
habitat are less social than in highly productive habitat, indicating
that lower sociality is a behaviorally plastic response to low fruit
availability. How these behavioral changes affect social aspects of the
population, such as reproductive behavior and infant development,
remains to be established. However, such knowledge is essential for

long-term conservation of all three orangutan species.

ACKNOWLEDGMENTS

We want to thank the Indonesian Government and their Directorate
General of Natural Resource and Ecosystem Conservation for colla-
boration with the PanEco Foundation and Yayasan Ekosistem Lestari,
in addition to the Gunung Leuser National Park Authority, the For-
estry Service of North Sumatra, and KPH XI Unit XXIV for granting
permission to establish monitoring stations. Tremendous thanks go
out to all of the hardworking staff from both monitoring stations.
Also, Bogor Agricultural University for their assistance as a coun-
terpart university for T. S. R. Animal Behavior Society, BOS
Netherlands, the Durrell Wildlife Conservation Trust, Great Ape
Trust of lowa, Indianapolis Zoo, Stichting het Kronendak, WWF
Netherlands, NVD (Dutch Foundation Zoo's Help), Ouwehands Zoo
Foundation of Netherlands, Philadelphia Zoo, U.S. Fish and Wildlife
Service, and Utrecht University are thanked for their financial
support for the project. Furthermore, we would like to thank Julian
Karch for statistical advice, and Anne Marijke Schel, Marina Cords,
and two anonymous reviewers for their comments on earlier versions

of the manuscript.

9 of 11
[ WL ey

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

ORCID

Tom S. Roth http://orcid.org/0000-0002-2985-120X

REFERENCES

Altmann, J. (1974). Observational study of behavior: Sampling methods.
Behaviour, 49, 227-267. https://doi.org/10.1163/156853974X00534

Ancrenaz, M., Gumal, M., Marshall, A. J,, Meijaard, E., Wich, S. A, &
Husson, S. (2016). Pongo pygmaeus (errata version published in 2018).
The IUCN Red List of Threatened Species: €T17975A123809220,
10.2305/IUCN.UK.2016-1.RLTS.T17975A17966347.en

Aureli, F., Schaffner, C. M., Boesch, C., Bearder, S. K., Call, J., Chapman,
C. A, ... van Schaik, C. P. (2008). Fission-fusion dynamics. Current
Anthropology, 49, 627-654. https://doi.org/10.1086/586708

Bates, D., Michler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-
effects models using Ime4. Journal of Statistical Software, 67, https://
doi.org/10.18637/jss.v067.i01

Busia, L., Schaffner, C. M., Rothman, J. M., & Aureli, F. (2016). Do fruit
nutrients affect subgrouping patterns in wild spider monkeys (Ateles
geoffroyi)? International Journal of Primatology, 37, 738-751. https://
doi.org/10.1007/s10764-016-9935-8

Chapman, C. A, Chapman, L. J., Wrangham, R., Hunt, K., Gebo, D., &
Gardner, L. (1992). Estimators of fruit abundance of tropical trees.
Biotropica, 24, 527-531. https://doi.org/10.2307/2389015

Chapman, C. A, Wrangham, R. W., & Chapman, L. J. (1995). Ecological
constraints on group size: An analysis of spider monkey and
chimpanzee subgroups. Behavioral Ecology and Sociobiology, 36,
59-70. https://doi.org/10.1007/BF00175729

Delgado, R. A., & van Schaik, C. P. (2000). The behavioral ecology and
conservation of the orangutan (Pongo pygmaeus): A tale of two islands.
Evolutionary Anthropology, 9, 201-218. https://doi.org/10.1002/1520-
6505(2000)9:5<201::AID-EVAN2>3.0.CO;2-Y

Djojosudharmo, S., & van Schaik, C. P. (1992). Why are orang utans so rare
in the highlands? Altitudinal changes in a Sumatran forest. Tropical
Biodiversity, 1, 11-22.

Fleming, T. H., Breitwisch, R., & Whitesides, G. H. (1987). Patterns of tropical
vertebrate frugivore diversity. Annual Review of Ecology and Systematics,
18, 91-109. https://doi.org/10.1146/annurev.es.18.110187.000515

Galdikas, B. M. F. (1985a). Orangutan sociality at Tanjung Puting.
American Journal of Primatology, 9, 101-119. https://doi.org/10.
1002/ajp.1350090204

Galdikas, B. M. F. (1985b). Subadult male orangutan sociality and
reproductive behavior at Tanjung Puting. American Journal of
Primatology, 8, 87-99. https://doi.org/0.1002/ajp.1350080202

Galdikas, B. M. F. (1988). Orangutan diet, range, and activity at Tanjung
Puting, Central Borneo. International Journal of Primatology, 9, 1-35.
https://doi.org/10.1007/bf02740195

Hardus, M. E., Lameira, A. R., Menken, S. B. J., & Wich, S. A. (2012). Effects
of logging on orangutan behavior. Biological Conservation, 146,
177-187. https://doi.org/10.1016/j.biocon.2011.12.014

Harrison, M. E. Morrogh-Bernard, H. C., & Chivers, D. J. (2010).
Orangutan energetics and the influence of fruit availability in the
nonmasting peat-swamp forest of Sabangau, Indonesian Borneo.
International Journal of Primatology, 31, 585-607. https://doi.org/10.
1007/s10764-010-9415-5

Harrison, M. E., Vogel, E. R., Morrogh-Bernard, H. C., & van Noordwijk,
M. A. (2009). Methods for calculating activity budgets compared:
A case study using orangutans. American Journal of Primatology,
71, 353-358. https://doi.org/10.1002/ajp.20655

Husson, S. J., Wich, S. A, Marshall, A. J,, Dennis, R. D., Ancrenaz, M.,
Brassey, R., ... Singleton, I. (2009). Orangutan distribution, density,


http://orcid.org/0000-0002-2985-120X
https://doi.org/10.1163/156853974X00534
https://doi.org/10.1086/586708
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/s10764-016-9935-8
https://doi.org/10.1007/s10764-016-9935-8
https://doi.org/10.2307/2389015
https://doi.org/10.1007/BF00175729
https://doi.org/10.1002/1520-6505(2000)9:5&#x0003C;201::AID-EVAN2&#x0003E;3.0.CO;2-Y
https://doi.org/10.1002/1520-6505(2000)9:5&#x0003C;201::AID-EVAN2&#x0003E;3.0.CO;2-Y
https://doi.org/10.1146/annurev.es.18.110187.000515
https://doi.org/10.1002/ajp.1350090204
https://doi.org/10.1002/ajp.1350090204
https://doi.org/0.1002/ajp.1350080202
https://doi.org/10.1007/bf02740195
https://doi.org/10.1016/j.biocon.2011.12.014
https://doi.org/10.1007/s10764-010-9415-5
https://doi.org/10.1007/s10764-010-9415-5
https://doi.org/10.1002/ajp.20655

ROTH ET AL

10 of 11
2L ey

abundance and impacts of disturbance. In S. A. Wich, S. S. Utami
Atmoko, T. Mitra Setia, & C. P. van Schaik (Eds.), Orangutans:
Geographic variation in behavioral ecology and conservation (pp. 77-96).
Oxford, UK: Oxford University Press.

Kappeler, P. M., van Schaik, C. P., & Watts, D. P. (2012). The values and
challenges of long-term field studies. In P. M. Kappeler & D. P. Watts
(Eds.), Long-term field studies of primates (pp. 3-18). Heidelberg:
Springer. https://doi.org/10.1007/978-3-642-22514-7_1

Knop, E., Ward, P. I, & Wich, S. A. (2004). A comparison of orang-utan
density in a logged and unlogged forest on Sumatra. Biological
Conservation, 120, 187-192. https://doi.org/10.1016/j.biocon.2004.
02.010

Knott, C. D. (1998). Social system dynamics, ranging patterns and male
and female strategies in wild Bornean orangutans (Pongo pygmaeus).
American Journal of Physical Anthropology Supplement, 26, 140.

Knott, C. D. (1999). Reproductive, physiological and behavioral responses of
orangutans in Borneo to fluctuations in food availability (Unpublished
doctoral dissertation). Harvard University, Cambridge, MA.

Knott, C. D., Beaudrot, L., Snaith, T. White, S, Tschauner, H., &
Planansky, G. (2008). Female-female competition in Bornean
orangutans. International Journal of Primatology, 29, 975-997.
https://doi.org/10.1007/s10764-008-9278-1

Knott, C. D., & Kahlenberg, S. M. (2010). Orangutans: Understanding
forced copulations. In C. J. Campbell, A. Fuentes, K. C. MacKinnon,
S. K. Bearder, & R. M. Stumpf (Eds.), Primates in perspective (2nd ed.,
pp. 313-325). New York, NY: Oxford University Press.

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). ImerTest
package: Tests in linear mixed effects models. Journal of Statistical
Software, 82, https://doi.org/10.18637/jss.v082.i13

Lenth, R. V. (2019). emmeans: Estimated marginal means, aka least-squares
means. R package version 1.4.3.01. Retrieved from https://CRAN.R-
project.org/package=emmeans

Marshall, A. J., Ancrenaz, M., Brearley, F. Q., Fredriksson, G. M,
Ghaffar, N., Heydon, M., ... Wich, S. A. (2009). The effects of forest
phenology and floristics on populations of Bornean and Sumatran
orangutans. In S. A. Wich, S. S. Utami Atmoko, T. Mitra Setia, & C. P.
van Schaik (Eds.), Orangutans: Geographic variation in behavioral
ecology and conservation (pp. 97-118). Oxford, UK: Oxford
University Press.

Marshall, A. J., Nardiyono, Engstréom, L. M., Pamungkas, B., Palapa, J.,
Meijaard, E., & Stanley, S. A. (2006). The blowgun is mightier than the
chainsaw in determining population density of Bornean orangutans
(Pongo pygmaeus morio) in the forests of East Kalimantan. Biological
Conservation, 129, 566-578. https://doi.org/10.1016/j.biocon.2005.
11.025

Marshall, A. J, & Wich, S. A (2013). Characterization of primate
environments through assessment of plant phenology. In E. Sterling,
M. Blair, & N. Bynum (Eds.), Primate ecology and conservation: A
handbook of techniques (pp. 103-127). Oxford, UK: Oxford University
Press. https://doi.org/10.1093/acprof:0s0/9780199659449.003.0007

Mitani, J. C., Grether, G. F., Rodman, P. S., & Priatna, D. (1991). Association
among wild orang-utans: Sociality, passive aggregations or chance?
Animal Behaviour, 42, 33-46. https://doi.org/10.1016/S0003-3472(05)
80603-7

Mitra Setia, T., Delgado, R. A., Utami Atmoko, S. S., Singleton, I., & van
Schaik, C. P. (2009). Social organization and male-female relationships.
In S. A. Wich, S. S. Utami Atmoko, T. Mitra Setia, & C. P. van Schaik
(Eds.), Orangutans: Geographic variation in behavioral ecology and
conservation (pp. 245-254). Oxford, UK: Oxford University Press.

Morrogh-Bernard, H. C., Husson, S. J., Knott, C. D., Wich, S. A, van
Schaik, C. P., van Noordwijk, M. A, ... Bin Sakong, R. (2009).
Orangutan activity budgets and diet. In S. A. Wich, S. S. Utami
Atmoko, T. Mitra Setia, & C. P. van Schaik (Eds.), Orangutans:
Geographic  variation in  behavioral ecology and conservation
(pp. 119-133). Oxford, UK: Oxford University Press.

Morrogh-Bernard, H. C., Husson, S. J., & McLardy, C. (2002). Orang-utan
data collection standardisation (designed during orang-utan culture
workshop, February 2002). San Anselmo, CA. Retrieved from https://
www.aim.uzh.ch/dam/jcr:00000000-31fd-16f1-ffff-fffff64ca75e/
method_standardisation_fina_Il.pdf

Nater, A, Mattle-Greminger, M. P., Nurcahyo, A, Nowak, M. G, de
Manuel, M,, Desai, T,, ... Kriitzen, M. (2017). Morphometric, behavioral,
and genomic evidence for a new orangutan species. Current Biology, 27,
3487-3498.e10. https://doi.org/10.1016/j.cub.2017.09.047

Nowak, M. G., Rianti, P., Wich, S. A., Meijaard, E., & Fredriksson, G.
(2017). Pongo tapanuliensis. The IUCN Red List of Threatened
Species: e.T120588639A120588662, 10.2305/IUCN.UK.2017-
3.RLTS.T120588639A120588662.en

R Core Team. (2018). R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing.

Ramos-Fernandez, G., Boyer, D., & Gémez, V. P. (2006). A complex social
structure with fission-fusion properties can emerge from a simple
foraging model. Behavioral Ecology and Sociobiology, 60, 536-549.
https://doi.org/10.1007/s00265-006-0197-x

Rao, M., & van Schaik, C. P. (1997). The behavioral ecology of Sumatran
orangutans in logged and unlogged forest. Tropical Biodiversity, 4,
173-185.

Rodrigues, M. A. (2017). Female spider monkeys (Ateles geoffroyi) cope
with anthropogenic disturbance through fission-fusion dynamics.
International Journal of Primatology, 38, 838-855. https://doi.org/10.
1007/s10764-017-9981-x

RStudio Team. (2016). RStudio: Integrated development for R. RStudio,
Inc., Boston, MA.

Russon, A. E., Kuncoro, P., & Ferisa, A. (2015). Orangutan behavior in
Kutai National Park after drought and fire damage: Adjustments to
short- and long-term natural forest regeneration. American Journal of
Primatology, 77, 1276-1289. https://doi.org/10.1002/ajp.22480

Schuppli, C., Forss, S., Meulman, E., Utami Atmoko, S. S., van Noordwijk,
M. A, & van Schaik, C. P. (2017). The effects of sociability on
exploratory tendency and innovation repertoires in wild Sumatran
and Bornean orangutans. Scientific Reports, 7, 15464. https://doi.org/
10.1038/s41598-017-15640-x

Seaman, D. J. |, Bernard, H., Ancrenaz, M. Coomes, D. Swinfield, T,
Milodowski, D. T., & Struebig, M. J. (2019). Densities of Bornean
orang-utans (Pongo pygmaeus morio) in heavily degraded forest and oil
palm plantations in Sabah, Borneo. American Journal of Primatology, 81,
€23030. https://doi.org/10.1002/ajp.23030

Shimooka, Y. (2003). Seasonal variation in association patterns of wild
spider monkeys (Ateles belzebuth belzebuth) at La Macarena, Colombia.
Primates, 44, 83-90. https://doi.org/10.1007/510329-002-0028-2

Singleton, 1., Wich, S. A,, Nowak, M., Usher, G., & Utami Atmoko, S. S.
(2017). Pongo abelii (errata version published in 2018). The IUCN
Red List of Threatened Species: €.T121097935A123797627,
10.2305/IUCN.UK.2017-3.RLTS.T121097935A115575085.en

Snaith, T. V., & Chapman, C. A. (2007). Primate group size and interpreting
socioecological models: Do folivores really play by different rules?
Evolutionary Anthropology, 16, 94-106. https://doi.org/10.1002/evan.
20132

Spehar, S. N,, Sheil, D., Harrison, T., Louys, J., Ancrenaz, M., Marshall, A. J.,
... Meijaard, E. (2018). Orangutans venture out of the rainforest and
into the Anthropocene. Science Advances, 4, e1701422.https://doi.org/
10.1126/sciadv.1701422

Sugardjito, J., te Boekhorst, I. J. A, & van Hooff, J. A. R. A. M. (1987).
Ecological constraints on the grouping of wild orang-utans (Pongo
pygmaeus) in the Gunung Leuser National Park, Sumatra, Indonesia.
International Journal of Primatology, 8, 17-41. https://doi.org/10.1007/
bf02737112

Symington, M. M. (1988). Food competition and foraging party size in the
black spider monkey (Ateles paniscus chamek). Behaviour, 105,
117-134. https://doi.org/10.1163/156853988x00476


https://doi.org/10.1007/978-3-642-22514-7_1
https://doi.org/10.1016/j.biocon.2004.02.010
https://doi.org/10.1016/j.biocon.2004.02.010
https://doi.org/10.1007/s10764-008-9278-1
https://doi.org/10.18637/jss.v082.i13
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.1016/j.biocon.2005.11.025
https://doi.org/10.1016/j.biocon.2005.11.025
https://doi.org/10.1093/acprof:oso/9780199659449.003.0007
https://doi.org/10.1016/S0003-3472(05)80603-7
https://doi.org/10.1016/S0003-3472(05)80603-7
https://www.aim.uzh.ch/dam/jcr:00000000-31fd-16f1-ffff-fffff64ca75e/method_standardisation_fina_II.pdf
https://www.aim.uzh.ch/dam/jcr:00000000-31fd-16f1-ffff-fffff64ca75e/method_standardisation_fina_II.pdf
https://www.aim.uzh.ch/dam/jcr:00000000-31fd-16f1-ffff-fffff64ca75e/method_standardisation_fina_II.pdf
https://doi.org/10.1016/j.cub.2017.09.047
https://doi.org/10.1007/s00265-006-0197-x
https://doi.org/10.1007/s10764-017-9981-x
https://doi.org/10.1007/s10764-017-9981-x
https://doi.org/10.1002/ajp.22480
https://doi.org/10.1038/s41598-017-15640-x
https://doi.org/10.1038/s41598-017-15640-x
https://doi.org/10.1002/ajp.23030
https://doi.org/10.1007/s10329-002-0028-2
https://doi.org/10.1002/evan.20132
https://doi.org/10.1002/evan.20132
https://doi.org/10.1126/sciadv.1701422
https://doi.org/10.1126/sciadv.1701422
https://doi.org/10.1007/bf02737112
https://doi.org/10.1007/bf02737112
https://doi.org/10.1163/156853988x00476

ROTH ET AL

Utami Atmoko, S. S., & van Hooff, J. A. R. A. M. (2004). Alternative male
reproductive strategies: Male bimaturism in orangutans. In P. M.
Kappeler & C. P. van Schaik (Eds.), Sexual selection in primates
(pp. 196-207). Cambridge, UK: Cambridge University Press. https://
doi.org/10.1017/CB0O9780511542459.013

Utami Atmoko, S. S., Wich, S. A,, Sterck, E. H. M., & van Hooff, J. A. R. A. M.
(1997). Food competition between wild orangutans in large fig trees.
International Journal of Primatology, 18, 909-927. https://doi.org/10.
1023/a:1026392012922

van Noordwijk, M. A,, Arora, N., Willems, E. P., Dunkel, L. P, Amda, R. N.,
Mardianah, N, ... van Schaik, C. P. (2012). Female philopatry and its
social benefits among Bornean orangutans. Behavioral Ecology and
Sociobiology, 66, 823-834. https://doi.org/10.1007/s00265-012-1330-7

van Noordwijk, M. A, Sauren, S. E. B., Abulani, A., Morrogh-Bernard, H. C,,
Utami Atmoko, S. S., & van Schaik, C. P. (2009). Development of
independence. In S. A. Wich, S. S. Utami Atmoko, T. Mitra Setia, & C. P.
van Schaik (Eds.), Orangutans: Geographic variation in behavioral ecology
and conservation (pp. 189-204). Oxford, UK: Oxford University Press.

van Noordwijk, M. A., Utami Atmoko, S. S., Knott, C. D., Kuze, N., Morrogh-
Bernard, H. C., Oram, F., ... Willems, E. P. (2018). The slow ape: High
infant survival and long interbirth intervals in wild orangutans. Journal
of Human Evolution, 125, 38-49. https://doi.org/10.1016/j.jhevol.
2018.09.004

van Schaik, C. P. (1999). The socioecology of fission-fusion sociality in
orangutans. Primates, 40, 69-86. https://doi.org/10.1007/BF02557703

van Schaik, C. P., & Knott, C. D. (2001). Geographic variation in tool use on
Neesia fruits in orangutans. American Journal of Physical Anthropology,
114, 331-342. https://doi.org/10.1002/ajpa.1045

Vogel, E. R., van Woerden, J. T., Lucas, P. W., Utami Atmoko, S. S., van
Schaik, C. P., & Dominy, N. J. (2008). Functional ecology and evolution
of hominoid molar enamel thickness: Pan troglodytes schweinfurthii and
Pongo pygmaeus wurmbii. Journal of Human Evolution, 55, 60-74.
https://doi.org/10.1016/j.jhevol.2007.12.005

Wich, S. A, Fredriksson, G., Usher, G., Kiihl, H. S., & Nowak, M. G. (2019).
The Tapanuli orangutan: Status, threats, and steps for improved
conservation. Conservation Science and Practice, 1, €33. https://doi.org/
10.1111/csp2.33

Wich, S. A, Geurts, M. L., Mitra Setia, T., & Utami Atmoko, S. S. (2006).
Influence of food availability on Sumatran orangutan sociality and
reproduction. In G. Hohmann, M. M. Robbins, & C. Boesch (Eds.),

11 of 11
I WL Ey— L

Feeding ecology in apes and other primates (pp. 337-358). Cambridge,
UK: Cambridge University Press.

Wich, S. A, Usher, G, Peters, H. H., Khakim, M. F. R., Nowak, M. G., &
Fredriksson, G. M. (2014). Preliminary data on the highland
Sumatran orangutans (Pongo abelii) of Batang Toru. In N. B. Grow, S.
Gursky-Doyen, & A. Krzton (Eds.), High altitude primates
(pp. 265-284). New York, NY: Springer. https://doi.org/10.1007/
978-1-4614-8175-1_15

Wich, S. A, Utami Atmoko, S. S. Mitra Setia, T., Rijksen, H. D.,
Schirmann, C., van Hooff, J. A. R. A. M., & van Schaik, C. P. (2004). Life
history of wild Sumatran orangutans (Pongo abelii). Journal of Human
Evolution, 47, 385-398. https://doi.org/10.1016/j.jhevol.2004.08.006

Wich, S. A., & van Schaik, C. P. (2000). The impact of El Nifio on mast
fruiting in Sumatra and elsewhere in Malesia. Journal of Tropical
Ecology, 16, 563-577. https://doi.org/10.1017/50266467400001577

Wich, S. A, Vogel, E. R, Larsen, M. D., Fredriksson, G., Leighton, M.,
Yeager, C. P, ... Marshall, A. J. (2011). Forest fruit production is higher
on Sumatra than on Borneo. PLOS One, 6, €21278.https://doi.org/10.
1371/journal.pone.0021278

Wittiger, L., & Boesch, C. (2013). Female gregariousness in Western
Chimpanzees (Pan troglodytes verus) is influenced by resource
aggregation and the number of females in estrus. Behavioral Ecology
and Sociobiology, 67, 1097-1111. https://doi.org/10.1007/s00265-
013-1534-5

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Roth TS, Rianti P, Fredriksson GM,
Wich SA, Nowak MG. Grouping behavior of Sumatran orangutans
(Pongo abelii) and Tapanuli orangutans (Pongo tapanuliensis) living
in forest with low fruit abundance. Am J Primatol. 2020;e23123.
https://doi.org/10.1002/ajp.23123


https://doi.org/10.1017/CBO9780511542459.013
https://doi.org/10.1017/CBO9780511542459.013
https://doi.org/10.1023/a:1026392012922
https://doi.org/10.1023/a:1026392012922
https://doi.org/10.1007/s00265-012-1330-7
https://doi.org/10.1016/j.jhevol.2018.09.004
https://doi.org/10.1016/j.jhevol.2018.09.004
https://doi.org/10.1007/BF02557703
https://doi.org/10.1002/ajpa.1045
https://doi.org/10.1016/j.jhevol.2007.12.005
https://doi.org/10.1111/csp2.33
https://doi.org/10.1111/csp2.33
https://doi.org/10.1007/978-1-4614-8175-1_15
https://doi.org/10.1007/978-1-4614-8175-1_15
https://doi.org/10.1016/j.jhevol.2004.08.006
https://doi.org/10.1017/S0266467400001577
https://doi.org/10.1371/journal.pone.0021278
https://doi.org/10.1371/journal.pone.0021278
https://doi.org/10.1007/s00265-013-1534-5
https://doi.org/10.1007/s00265-013-1534-5
https://doi.org/10.1002/ajp.23123

