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1. Introduction
  

 Geographical and environmental factors 
influence the food availability and diet of orangutans; 
meanwhile, phenology can measure this influence 
(Hill and Dunbar 2002). Plant phenology is a 
repetitive phase or biological life cycle of plants 
influenced by seasonal factors such as environment 
and climate (Leith 1974). In tropical forests, plant 
phenology shows seasonal variations with new 
leaf, flower, and fruit phases emerging in most 
communities (van Schaik et al. 1993). It is known 
that plant or tree phenology is closely related to the 
food availability of orangutans (Marshall et al. 2009; 
van Schaik 1993), which may affect many aspects 
of orangutan life, physiologically, reproductively, 
ecologically, behaviourally, and socially (Chapman 
et al. 2012; Harisson and Marshall 2011; Hardus et 
al. 2011; Wich et al. 2006).
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 Food availability affects activity budgets and diet 
in orangutans (Morrogh-Bernard et al. 2009). When 
fruit availability is high, the percentage of feeding 
activity in Bornean orangutans reaches 47.2% of the 
total daily activity, and there is an increase in resting 
activity when fruit availability begins to decrease 
(Kanamori et al. 2010). When fruit availability is low, 
orangutans change their diet using fallback foods 
such as leaves and bark to meet their energy needs 
(Harisson and Marshall 2011; Knott 1998; Morrogh-
Bernard et al. 2009; van Schaik et al. 1993). This 
kind of activity has only been reported in Bornean 
orangutans.
 The Sumatran orangutan (Pongo abelii) is 
categorised as critically endangered by the 
International Union for Conservation of Nature 
(IUCN) (Singleton et al. 2017). Its existence in nature 
is increasingly threatened due to poaching and high 
rates of habitat deforestation (Wich et al. 2011). 
Understanding the daily activities and foraging 
behaviour of orangutans and their relationship to 
food availability can provide information on how 
orangutans adapt to environmental changes in their 
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habitat (Campbell-Smith et al. 2011; Knott 1998). 
Soraya Research Station (SRS) is located in The 
Leuser Ecosystem and is a natural habitat for the 
Sumatran orangutan. The relationship between food 
availability and its relation to the daily activities 
and diet of orangutans in this location is unknown. 
So, this study aims to observe orangutans' daily 
activities and diet composition in SRS and their 
correlation with food availability.

2. Materials and Methods

2.1. Time and Place 
 We observed the activity budget and diet from 
July 2021 until March 2022 at the Soraya Research 
Station (SRS), Pasir Belo Village, Sultan Daulat 
District, Subulussalam City, Aceh Province, Indonesia 
(N02°55'414"-E97°55'731"). Later, our data were 
analysed at the Laboratory of Biosystematics 
and Animal Ecology, Department of Biology, IPB 
University.

2.2. Field Observation
2.2.1. Phenology and Fruit Availability
 We collected the phenological data and fruit 
availability in SRS by trekking through the existing 
phenological plots in the area. We also used 
binoculars to observe high-up phenological items 
such as fruit, leaves, and flower. We observed 20 
plots with 20 × 20 m (0.8 Ha) per plot size monthly 
comprising approximately 550 trees with a minimum 
diameter of 10 cm. Moreover, the recorded data for 
phenological items were the presence of shoots, the 
number of new leaves, the number of flowers, and 
the number of fruits per month (Marshall et al. 2009; 
Roth et al. 2020). We categorised two types of fruits 
based on their maturity stage: ripe and unripe.

2.2.2. Annual Phenology and Fruit Availability 
Index (FAI)
 Besides our observation data from July 2021 
to March 2022, we used a six-year phenological 
recording (2017 to 2022) and annual fruit 
availability data from 2018 to 2022 to calculate the 
fruit availability index (FAI). FAI was calculated by 
the number of fruiting tree species in the diet of 
orangutans divided by the total number of trees 
with food items (including cambium, leaves, fruit, 
and flowers) consumed in the plot, multiplied by 100 
(Vogel et al. 2009). The Leuser Conservation Forum 
(FKL) team collected this data during their monthly 

monitoring routine at the SRS and consented to us 
using its data in this study. 

2.2.3. Activity Budgets and Diets 
 When we had a chance to encounter orangutans 
in the field, we observed their daily activities and 
diet items by following them all day until they built 
their sleeping nests. The observation was conducted 
with an approximate sight range of 5-10 m to the 
object. We followed the orangutans every day for a 
maximum of ten days to avoid too much exposure to 
humans.
 We used the instantaneous method with an 
interval of two minutes (Altmann 1974) to observe 
the feeding activities. We recorded all food types, 
such as fruits, seeds, flowers, young leaves, old 
leaves, bark, pith, other plants, invertebrates and 
vertebrates, and other objects (Russons et al. 2009). 
Besides that, we also recorded the daily activities 
of orangutans. Foraging activity, nest building, 
self-play, social, travelling, and resting were the 
daily activity we observed. We collected the daily 
activities data using the focal animal sampling 
method under the standard collection of orangutan 
data in the field (Morrogh-Bernard et al. 2002).

2.2.4. Environmental Factors
 We measured daily environmental factors such 
as rainfall and temperature. We also used the 
environmental data collected during the 2017-2022 
period by the FKL team. 

3. Results

3.1. Phenology and Fruit Availability
 Our findings on phenology in SRS during our 
observation period (October 2021-March 2022) 
showed that young leaf is the highest of all (an 
average of 94.7%), followed by unripe and ripe fruit 
at 2.5% and 2.0%, respectively (Figure 1A). Flowers 
show the lowest percentage at 0.8% of the total 
phases.

3.2. Annual Phenology and Fruit Availability 
Index (FAI)
 As a result of the annual phenology and FAI 
analysis from 2017 to the latest data in 2022, we 
found a slightly different level of phenology stages 
percentage. Young leaves consistently show the 
highest percentage 93.6% of the total phase for the 
last six years, followed by unripe fruits, ripe fruits, 
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Figure1. Tree phenological pattern at Soraya Research Stations. (A) During this study period (October 2021-March 2022), 
and (B) during the last 6 years (2017-2022). (RF = ripe fruit, UF = unripe fruit, FL = flower, and YL = young leaf)

and flowers 3.0%, 2.1%, and 2.0%, respectively) (Figure 
1B). Our findings indicate that SRS is a habitat with 
low fruit productivity.
 Furthermore, the SRS fruit availability index (FAI, 
Figure 2) shows that fruit availability does not differ 
significantly between months and years, except 
in 2021. In 2021 we found the highest FAI reaching 
15.42%, with the peak of fruit season recorded in 
June, July, and August. From October 2021 to March 
2022, FAI at SRS was relatively low compared to the 
previous months, with an average of only 1.01%.

3.3. Activity Budgets and Diet
 We observed and identified five orangutans and 
followed them between December 2021 and March 
2022 for 648 hours (Table 1). We classified them into 
three age classes: an adult female (Paula), a juvenile 
male (Pasto), and three adult males (Sandria, Dodo, 
and Mike). Sandria is an unflanged male, while 
Dodo and Mike are the flanged males. Adults show 
the highest percentage for resting (48%), foraging 
(22.5%), and moving (21.8%), respectively (Figure 3).
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Figure 2. Average fruit availability index (FAI) at the Soraya Research Station from January 2018 to March 2022

Table 1. Characteristics of focal individuals and time of observation (December 2021-March 2022)

Total

Characteristics NameNumber of individual Time of observation Total observation 
time (hours)

Number 
of days

December-February

December-February
January
February

March

278

278
48
25

19

648

22

22
4
2

1

51

Adult female

Juvenile male
Adult male (flanged)

Adult male (unflanged)

Paula

Pasto
Dodo
Mike

Sandria

1

1
2

1
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Figure 3. Percentage of the activity budget of Sumatran orangutans (Pongo abelii) at Soraya Research Station, Aceh. (AF = 
adult female, JM = juvenille male, FM = flanged male,  UFM = unflanged male)
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 Analysis of diet composition for each individual 
showed that bark (BR) was the most consumed 
food type for the majority of individuals observed, 
including Paula, Pasto, and Mike, with an average 
percentage of each reaching 48.3%, 43.8%, and 68.1% 
(Figure 4A, B, and D). In the other two individuals, 
Dodo and Sandria, other plants (OP) were the food 
type with the highest percentage reaching 74.2% 
and 61%, respectively (Figure 4C, and E). Generally, 
bark (BR), Fruits (FR) and other plants (OP, including 

lianas, ferns, and epiphytes) were the main types of 
diet of Sumatran orangutans in SRS with a frequency 
of 40.6%, 28.9%, and 15.6%, respectively (Figure 5). 
Moreover, the diet composition variation in the 
observation months is provided in Figure 6. We 
found that bark is their most preferred food during 
the observation period, particularly in February 2022 
(56.2%), January 2022 (48.8%), and December 2021 
(39.8%). In March, the orangutans shifted diets to 
other plants (liana and epiphytes), with the highest 
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Figure 4. Percentage of diet types on Sumatran orangutans (Pongo abelii) by individuals in SPS, (A) Paula, (B) Pasto, (C) 
Dodo, (D) Mike, and (E) Sandria. (FR = fruit, SD = seed, FL = flower, YL = young leaf, ML = mature leaf, BR = bark, 
PT = pith, AT = other plants, IV = invertebrate and Vertebrate, O = others)   
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Figure 6. Percentage of diet types variations on Sumatran orangutans (Pongo abelii) between months during the study 
period (December 2021-March 2022. (FR = fruit, SD = seed, Fl = flower,  YL = young leaf, ML = mature leaf, BR = 
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percentage of 61%. Our data also shows that the 
highest fruit consumption was in January (36.0%), 
while the lowest was in March (14.3%).

3.4. Environmental Factors
 According to the analysis of environmental 
factors, including temperature and rainfall periods 
from January 2017 to March 2022, tSRS hasno 
significant variation between monthly and annual 

temperatures  The yearly average temperature is 
26.6 degrees Celcius per year. The year with the 
highest temperature is 2020, reaching 30 degrees 
Celcius (Figure 7A). Furthermore, analysis of rainfall 
showed that the daily average of rainfall at SRS was 
categorised as low, with an average of 5.4 mm. The 
highest daily average rainfall was in 2018, reaching 
9.2 mm, while the lowest was found in 2021, only 
reaching 2.8 mm (Figure 7B).
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Figure 7. Average temperature (A) and rainfall (B) at the Soraya Research Station period January 2017-March 2022

A
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4. Discussion

 Orangutans in Soraya Research Station (SRS) show 
their adaptation to low fruit availability with an 
alternative food source and high resting behaviour. 
As frugivorous, orangutans prefer fleshy fruits in their 
diets, such as Garcinia parvifolia, Garcinia microcarpa, 
and Garcinia celebica from the genus Clusiaceae 
(Onrizal and Auliah 2019; Russon et al. 2009). This 
fruit usually grows at 1-1,500 m asl (Uji 2007). SRS 
is dominated by the genus Euphorbia (12 species), 
Dipterocarpaceae (11 species), Meliaceae (8 species), 
and Moraceae (7 species) (Iqbar 2018).
 Based on our observation, the Sumatran 
orangutans in SRS consumed inverse diets compared 
to other Sumatra locations, such as Ketambe and 
Suaq Balimbing. Sumatran orangutans at SRS prefer 
bark as their primary alternative food, whereas 
Keambe and Suaq Balimbing prefer fruit as their 
primary food. Sumatran orangutans in Ketambe 
and Suaq Balimbing consumed a high percentage 
of fruits at 66.2% and 67.5%, respectively (Morrogh-
Bernard et al. 2009). Diet composition is also affected 
by the season, such as the fruiting season. In Borneo, 
orangutan fruit consumption reaches 64-100% during 
periods of high fruit availability. However, during 
periods of fruit shortage, orangutans intensively 
consume leaves (Spatholobus and Ficus) as well as 

bark (Spatholobus and dipterocarp) (Kanamori et al. 
2010). In SRS, the Sumatran orangutans' dominant 
diet is similar to the Bornean orangutans, who spend 
more time eating barks. It has been reported that 
Bornean orangutans, from 16% of their daily feeding 
time, spent 15% in Kutai and 11% in Tanjung Putting, 
as well as Segama, eating barks (Delgado and van 
Schaik 2000).
 The high amount of time eating barks on Sumatran 
orangutans caught our attention. In Bornean 
orangutans, the adaptation of feeding behaviour 
as an alternative to the scarcity of diet sources has 
been reported (Bastian et al. 2010; Vogel et al. 2009, 
2016). Most of them consumed flowers of Pouteria 
cf. Malaccensis in Tuanan, the bark of Koompassia 
malaccensis and Xanthophyllum discolor, leaves of 
Blumeo dendron kurzii and Nephelium mangayi in 
Sungai Lading as their alternatives or fallback diet 
(Bastian et al. 2010). Our finding shows that the 
Sumatran orangutans consumed more bark of Damli 
(Streblus elongatus) in SRS. The bark contains many 
components like fibre, water, and lipid fatty acids 
(Rothwell 2016). The Sumatran orangutans in SRS 
also consumed plants like green tampang (Artocarpus 
dadah Miq) and bird's nest fern (Asplenium nidus).
 The high bark consumption by the orangutans acts 
as their fallback diet at SRS and is thought to be a 
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form of adaptation to the low fruit availability. Finding 
dominant diet sources other than fruits shows how the 
individual orangutans have adapted to the scarcity of 
diet sources in the area (Harisson and Marshall 2011; 
Marshall et al. 2009). So far, reports on Sumatran 
orangutan fallback diets are still rare. Our findings 
might add to this knowledge, particularly for the 
Sumatran orangutans' diet preference adaptation to 
their habitat. 
 The FAI might influence the diet preferences of 
Sumatran orangutans in SRS in the area. The FAI 
at SRS is generally low, except for 2021, which had 
the highest FAI value because of the masting event 
(Figure 3). A masting event is where trees in the 
ecosystem bear fruit simultaneously, usually in mixed 
dipterocarp forests in Southeast Asia. Masting events 
are hypothesised to be initiated by dry circumstances 
and abrupt reductions in nighttime temperatures 
linked to the El Nino Southern Oscillation (Ashton et 
al. 1988). After this occurrence, an ecosystem will face 
prolonged fruit scarcity (Ashton et al. 1988; Cannon 
et al. 2007). The fruit productivity in SRS neighbour 
areas such as Ketambe and Suaq Balimbing is 25.11% 
and 30.57%, respectively (Wich et al. 2011). A low FAI 
will drive the orangutans in the habitat area to adapt 
to other dietary sources.
 As a price to pay, because of the lack of fruit 
availability, orangutans have to choose to limit their 
moving behaviour and preserve energy by resting more. 
This resting behaviour is high in our observed flanged 
males, Dodo and Mike. The observed flanged males in 
SRS (70.9% and 71.6%) seem to have the highest time 
spent on resting activity compared to other orangutans 
population, i.e., at Gunung Palung (57%), Kinabatangan 
(56.7%), Mentoko (55.6%), and Ulu Segama (52.2%) 
(Galdikas 1988; MacKinnon 1974; Mitani 1989). The 
longer time spent in resting behaviour might be due 
to the orangutans' body sizes, ages, and energy needs 
when they are active or moving (Morrogh-Bernard et 
al. 2009). In contrast to the flanged male, females and 
juveniles spend more time daily foraging (Figure 3). 
Females need more energy than males to maintain 
their reproduction system (van Schaik et al. 2009).
 The uniqueness of the SRS's ecology characteristic 
might not be suitable for orangutans. Nevertheless, 
SRS can be considered a connected forest between the 
primary forest (Leuser National Park), the surrounding 
belt forest area, and other used forest areas. It can 
be considered a natural habitat for the Sumatran 
orangutans to meet their daily roaming area needs. The 

study on activity budget, population, and phenology 
in SRS needs to be continued. The continuity of the 
Sumatran orangutans' study in the area will give 
us more understanding of the species, especially 
in the bridging area as SRS. Furthermore, studying 
this particular species in a rapidly changing habitat 
may show us a new perspective on how adaptable 
orangutans are to changing environments, migration, 
and survival behaviour.
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