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Abstract. Ghimire SC, Khanal L, Chalise MK. 2021. Feeding ecology of Assamese macaques (Macaca assamensis) troops in
Kaligandaki and Budhigandaki River basins of central Nepal. Biodiversitas 22: 2625-2634. Seasonal fluctuations in the availability of
key food resources impact the foraging behavior of animals. This study aimed to examine the seasonal variations in feeding time of
Assamese macaques (Macaca assamensis) in the sub-tropical deciduous riverine forest environment of central Nepal. Two troops of
Nepal population of Assamese macaques, a troop from Kaligandaki River Basin (KRBT) and the next from Budhigandaki River Basin
(BRBT) were studied by focal animal sampling method. Data from systematic behavioral observations were analyzed with reference to
that of the vegetation surveys. Assamese macaques invested more than two-fifths (>40%) of the diurnal time on feeding. The KRBT
consumed 71 plant species and the BRBT relied on 69 food plants. Leaves, mature and young, constituted the most dominant food item
followed by the fruits and seeds. The two study troops inhabiting highly similar habitats of food plants (Sorensen’s Similarity Index =
0.93) didn’t have a significant difference in the selection of food-plant parts. However, the remarkable temporal difference in feeding
plant parts was observed in concordance with their seasonal availability. Young leaves, when available during the spring and pre-
monsoon were the major food items. Contrastingly, mature leaves were the food items during the winter on which animals were forced
to rely when young leaves were scarce. We conclude that food choice and time investment on the feeding of different plant parts differ
depending on the availability of food in the area. Macaques living in comparable habitats with similar food plants have analogous food

choices and time investments.
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INTRODUCTION

Food availability and other environmental factors,
which vary in time and space, influence the activity
budgets of primates (Majolo et al. 2013; McFarland et al.
2014). Seasonal variation in food availability results in
many primates altering their ranging patterns, activity
budget, and/ or showing dietary flexibility in response to
the availability of preferred and fallbacks (Hemingway and
Bynum 2005; Knott 2005; Grueter 2017). Primates display
a wide array of dietary and behavioral adaptations to
maintain adequate food during periods of food scarcity
(Serckx et al. 2015; Clink et al. 2017). Among them,
frugivores tend to have longer daily travel distances than
folivores because fruits are usually more patchily
distributed than leaves (Chapman et al. 1995). In response
to seasonal food shortages, primates often display
behavioral plasticity by incorporation of alternate plant
parts and human foods including crops and provisioned
items. Additionally, they exhibit differences in activity,
ranging and grouping patterns (Cabana et al. 2017
Frechette et al. 2017; McLennan et al. 2017). They
maximize net energy intake like energy maximizers when
high-quality food is most available and adopt an energy-
conserving strategy during periods of lower food
availability (Ni et al. 2015).

Assamese macaque (Macaca assamensis) is one among
six extant species under the Sinica-group of macaques

(Khanal et al. 2021). It is categorized as Near Threatened
by the IUCN Red List of Threatened Species (Boonratana
et al. 2020) and listed on Appendix Il of the Convention on
International Trade in Endangered Species (CITES). Its
Nepalese population, one of the least studied primates, is
nationally listed as endangered due to its restricted
distribution, population threats, and small numbers in
fragmented patches of the remaining habitat (Chalise 2013;
Khanal et al. 2019). Additionally, a recent phylogenetic
analysis has suggested a distinct species status of the Nepal
population of the Assamese macaques emphasizing the
need for their conservation intervention (Khanal et al.
2021). It has been reported from the mid-hills of Nepal as a
sub-tropical habitat specialist and more than half of the
population is residing outside the protected area system
(Khanal et al. 2019). The sporadically distributed
populations in fragmented habitats, isolated by
physiographic barriers like rivers and mountains, display
variations in both morphology and behavior at different
latitudes and elevations (Chalise 2008, 2013; Khanal et al.
2018, 2019). The species has been described as a crop-
raider in many parts of Nepal (Chalise 2010; Paudel 2017;
Adhikari et al. 2018; Ghimire and Chalise 2018, 2019).
However, the details on its socio-ecology and conservation
status are yet to be documented.

The Assamese macaque population in Nepal is
distributed along with a narrow elevational range of mid-
hills (Chalise 2013; Khanal et al. 2019) and it is a habitat
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specialist requiring broad-leaved riverine forest (Khanal et
al. 2019). They live primarily in subtropical broadleaved
forests. They spend a great deal of time in the high canopy
and are also seen on the ground (Chalise 2003). More than
half of the population currently resides outside protected
areas of Nepal (Khanal et al. 2019) and incidents of
human-macaque conflict, especially driven by crop-raiding,
are high. Therefore, this species' socio-ecology and general
ecology need to be examined in detail as such information
could be of great importance to the conservation of this
macaque species.

Understanding the temporal availability of food to a
particular species is crucial when examining the drivers of
their feeding strategies (Bessa et al. 2015). Assamese
macaques are habitat specialists with a narrow home-range
for which the distribution is mainly concentrated in the
riverine broad-leaved forests. Such areas experience a
remarkable seasonal variation in resource availability.
However, the response of the macaques to such variations
in the accessibility of food resources is understudied in
Nepal. Therefore, this study assessed how seasonal changes
in food availability influence the feeding behavior of
Assamese macaques. Over a twelve-month period, data
from systematic behavioral observations were analyzed
with reference to that of the vegetation surveys. We aimed
to explore i) major food plants and their parts for the
macaque, and, ii) temporal variations in food preference by
the Assamese macaques in two different river basins. By
the analysis of feeding time investment on different food
items, this study improves our understanding of the feeding
ecology of Assamese macaques living in the riverine
forests of Kaligandaki and Budhigandaki rivers in central
Nepal.

Kaligandaki Riverside
(Ramdi to Ranimahal)
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MATERIALS AND METHODS

Study area

This study was conducted for 12 months from February
2015 to January 2016 at Kaligandaki River Basin and
Budhigandaki River Basin of central Nepal (Figure 1).
Kaligandaki River Basin (KRB, Ramdi to Ranimahal
covering about 80 km?) is situated between 27°54'9.34" to
27°92'67"N and 83°38'3.00" to 83°52'78"E including areas
of Palpa and Syangja districts (Figure 1). The altitude
ranges from 420 m to 656 m above sea level (asl). The
mean annual maximum and minimum temperatures of the
area are 26.91°C and 15.18°C, respectively. This area is
rich in biodiversity, which may be due to the presence of
alluvial soil along the basin of the Kaligandaki river and
high productivity of tropical deciduous riverine forest
(Chalise 2013). Mixed types of forest especially tropical
deciduous riverine forest, sub-tropical grassland and sub-
tropical evergreen forests found in the study area.

Budhigandaki River Basin (BRB, Benighat to Arughat,
covering about 192 km?) is an area of Dhading and Gorkha
districts. The study area lies about 2 km north of the
confluence of Budhigandaki River with Trishuli River. The
study area is situated between 27°48'54.48" to 28°04'68"N and
84°46'33.63" to 84°81'25"E. The altitude ranges from 342 m
to 582 m asl. The mean annual maximum and minimum
temperatures of the area are 28.15°C and 16.15°C,
respectively. The area has mixed types of forest especially
tropical deciduous riverine forest, sub-tropical grassland,
and sub-tropical evergreen forests. Aerial distance between
the Kaligandaki riverside (Ramdi) to Budhigandaki riverside
(Benighat) is 112.99 km. Study areas have four distinct seasons
viz. spring (March-May), summer (June-August), autumn
(September-November) and winter (December-February).

Budhigandaki Riverside 5%
(Benighat to Arughat)

C] Nepal boundary

Study Rivers

0 30 60 120 Kilometers
T O

Figure 1. Map of Nepal indicating the study area (Kaligandaki and Budhigandaki River basins) in central Nepal. Photos in the inset
indicate: A. An adult female Assamese macaque from KRBT; B. The BRBT troop resting on their resting site
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Research troops, vegetation and behavioral survey

Kaligandaki River Basin Troop (KRBT) inhabiting on
Ramdi area in Syangja and Budhigandaki River Basin
Troop (BRBT) inhabiting the Siurenitar area of the Gorkha
district were studied as focal troops from the two river
basins. The KRBT had a troop size of 18 individuals (3
adult males, 5 adult females, 3 young males, 2 young
females and 5 infants) and the BRBT had 14 individuals (2
adult males, 4 adult females, 3 young males, 3 young
females, 2 infants). Behavioral observations of each troop
were made for 5 to 7 days each month. The same observer
(SCG) observed KRBT and BRBT non-simultaneously for
almost equal number of hours. The total observation time
for the KRBT was 716 hours whereas the same for the
BRBT was 691 hours. Behavioral data were recorded by
the focal animal sampling method (Altmann 1974). The
individuals of the focal troop of both the study area were
identified with the help of different external characters and
appearances such as facial features, skin color, cut marks,
tail carriage, fur color and body structure.

The diurnal time was divided into four observational
sessions, i.e. 06.00-09.00, 09.00-12.00, 12.00-15.00 and
15.00-18.00 hours. One adult focal animal was observed
during each session continuously for 60 minutes and then
switched to the next focal individual. All behavioral
patterns of the focal animal and all behavior directed
towards it by troop members were recorded. The choice of
an individual was randomly determined among the adults
prior to the observation. When the focal individual under
observation was partially obscured or moved completely
out of sight, the recording was stopped until it was visible
again (Altmann 1974; Martin and Bateson 1993).

A total of 16 quadrates (total 32 quadrates for two
troops) each of 20 x 20 m? were laid on the habitat of each
study troop. The distance between the successive quadrates
was maintained above 20 m. All the trees within the
quadrates were identified to the species level, counted and
their diameter on breast height was measured at
approximately 1.5 m above the ground. Data on the feeding
behavior of Assamese macaques including food plants,
food items and feeding time were collected by direct
observation in the field following the methods as in Chalise
et al. (2013). Different kinds of food plants and parts of
plants, including young leaves, mature leaves, fruits,
flowers, seeds, barks, and others, which the macaques ate,
were noted in datasheet. The food species and plant parts
were listed daily and a collective food list of Assamese
macaque of each area was pooled.

Data analysis

All data were entered in Microsoft Excel and then
analyzed primarily with descriptive statistics using the
program Statistica for Windows release 7.0. Data on tree
species from the vegetation survey were used to calculate
the relative density and relative frequency of the trees.

Density of the species

100

Relative denSIty = Total density of all the species

Frequency values of the species

Relative freq. = » 100

Sum of frequency of all the species
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In order to calculate the similarity in food preference
between the two study troops, Sorensen’s Similarity Index
(Ss) was calculated as follows:

2a
2a+b+c

Ss

Where:

Ss : Sorensen’s similarity coefficient

a : Number of food plants in both communities (joint
occurrences)

b : Number of food plants in KRBT but not in BRBT

¢ : Number of food plants in BRBT but not in KRBT

For overall behavioral data analysis, mean values
among the focal animals of each troop were used for the
monthly distribution of time spent on different behavioral
states and events including feeding. Being specific to
feeding, the time spent feeding different food plants and
their parts were calculated and expressed in percentages.
The difference in time investment in feeding specific plant
parts between the two troops were tested for the
significance by Kruskal-Wallis H test. The percentage time
spent on particular food item was calculated as:

Percentage time spent on particular food item =
Total time spent on a particular food

Total time spent on feeding

RESULTS AND DISCUSSION

Food items and feeding behavior

Out of the total observation time (716 hours), the
KRBT spent 294.7 hours (41.16%) on feeding. Similarly,
the BRBT was observed for 691 hours out of which, 306.5
hours (44.36%) was invested in feeding. The highest
percentage of time invested on feeding was in January and
the least was in August for both the troops (Table 1).

The KRBT fed on 71 different plant species (45 tree
species, 11 shrub species, 10 herb species and 5 climber
species) and the BRBT fed on 69 plant species (43 tree
species, 12 shrub species, 10 herb species and 4 climber
species) (Table S1). Among them, 65 food plants were
common between the sites that resulted in Sorensen’s
Similarity Index of 0.93. The trees like Trichilia
connaroides dominated the habitat of the KRBT, Schima
wallichii, Aegle marmelos, Ficus hispida, etc. whereas that
of the BRBT was dominated by Shorea robusta, Adina
cordifolia, Lagerstroemia parviflora, Spondias pinnata,
etc. (Table 2). The KRBT used the leaf of Albizzia
chinensis as their major food plant throughout the year,
whereas BRBT used leaves of Lagerstroemia parviflora as
a major food. The two troops had invested different
percentage of time on feeding different plant parts (fruits,
mature leaves, young leaves, seeds, flowers, barks,
rhizomes) (Figure 2), however, Kruskal-Wallis H test (H =
0.3891, Hc = 0.3918, P = 0.5314) revealed no significant
difference on time investment between the two study troops.
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Monthly variation of time spent on major food items
Leaves (mature and young), fruits and seeds constituted
the major food items (on which macaques invested longer
time on feeding or they contributed larger amount of food)
of Assamese macaques in both the study troops (Figure 3).
The mean time spent for mature leaf-eating was 30.02% (S?
= 389.6, CV = 65.7) per year by the KRBT and 29.04% (S?

BIODIVERSITAS 22 (7): 2625-2634, July 2021

emerged and were available to the macaques in higher
amounts. After the rainy season, leaves become more
mature, and in winter, defoliation starts.

Table 1. Monthly feeding time (% of the total observation time)
for KRBT and BRBT

= 396.9, CV = 68.6) per year by the BRBT. The time spent Month KRBT (%) BRBT (%)
. February 2015 52.61 56.42

for mature leaf-eating fluctuated between the months March 55 93 5764
(Figure 3.A). Mature Iea_ves were the major food items for April 3265 34.96
macaques during the winter season (November-January),  may 31.46 33.83
whereas, the same was less consumed during the spring  June 34.33 38.71
season (March-May). The mean time spent for feeding July 30.54 34.33
young leaf was 19.56% (S? = 170.4, CV = 66.7) per year by ~ August 24.45 25.92
the KRBT and 20.70% (S? = 218.6, CV = 71.4) per year by ~ September 32.42 34.22
the BRBT. Consumption of young leaves was the highest ~ October 42.12 46.26
during the spring and early summer (March-June) whereas ~ NOVember 48.11 54.12

. . - December 53.64 57.12
the least during the winter season (Figure 3.B). In the January 2016 56.34 58.18
spring season (March, April, and May), new young leaves  pjaan (%) 41:16 44:36
Table 2. Dominant 20 tree species of the Assamese macaque habitats in the study areas

KRBT BRBT
Tree species Relative Relative Tree species Relative Relative
density frequency density frequency

Trichilia connaroides 35.68 8.38 Shorea robusta 29.75 8.87
Schima wallichii 18.76 6.58 Adina cordifolia 12.82 6.50
Aegle marmelos 9.79 5.38 Lagerstroemia parviflora 8.12 4.73
Ficus hispida 8.51 4.79 Spondias pinnata 5.98 4.73
Albizzia chinensis 7.65 4.79 Terminalia alata 341 4.14
Madhuca longifolia 6.53 4.19 Phyllanthus emblica 341 4.14
Aporosa octandra 6.36 4.19 Mallotus philippensis 3.16 414
Toona ciliata 5.59 4.19 Schima wallichii 3.06 414
Semecarpus anacardium 3.96 3.59 Albizzia chinensis 2.90 414
Ficus hederacea 3.82 3.59 Aporosa octandra 2.53 3.55
Lannea coromandelica 3.45 3.59 Madhuca longifolia 2.39 3.55
Butea minor 2.36 3.59 Trichilia connaroides 2.39 3.55
Uraria lagopodioides 1.98 3.59 Toona ciliata 1.96 3.55
Acacia catechu 1.98 3.59 Butea minor 1.59 3.55
Terminalia bellirica 1.63 2.99 Acacia catechu 1.45 2.95
Lagerstroemia parviflora 1.63 2.99 Ficus hederacea 1.33 2.95
Hymenodictyon excelsum 1.45 2.39 Terminalia bellirica 1.33 2.95
Castanopsis indica 1.45 2.39 Sapindus mukorossi 1.19 2.36
Erythrina variegata 1.45 2.39 Terminalia chebula 1.19 2.36
Sapindus mukorossi 1.04 1.79 Erythrina variegata 1.19 2.36

Percentage

B KRBT @BRBT

Seeds

Young
leaves

Mature
leaves

Fruits

-

Flowers

Young Barks Petioles  Rhizome

shoots

Food-plant parts

Figure 2. Percentage of time invested on different food-plant parts by the KRBT and BRBT of Assamese macaques (Based on Table S1)
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Fruits are a patchy and clumped seasonal resource
available in lower density than leaves in the study area. The
mean time spent for fruit-eating was 23.80% (S? = 226.5,
CV =63.2) per year by KRBT and 25.96% (S? = 195.3, CV
= 53.8) per year by BRBT (Figure 3.C). Availability of
fruits, and hence their consumptions were higher during the
early monsoon and winter seasons. The time spent on fruits
had two peaks and two faults in a year (Figure 3.C). June-
July and November-December were the rising peaks while
August-September and January-April were falling faults
whereas May and October had contributed near an average
time spent for fruits. Seeds were another major food item
for the macaques. The mean time spent for seed-eating was
2.71% (S? = 5.8, CV = 88.5) per year by the KRBT and
2.07% (S? = 3.6, CV = 92.2) per year by the BRBT (Figure
3.D). The seed-eating time percentage was higher during
the spring season (March, April), and the time spent was
lesser in the months of the beginning of the winter season
(November, December) in both study areas.

Monthly variation of time spent on feeding accessory
plant parts
The accessory plant parts that formed the component of

Assamese macaque food were young shoots, barks,
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flowers, and petioles (Figure 4). The mean time spent for
young shoot eating was 2.00% (S? = 4.4, CV = 105.3) per
year by the KRBT and 1.50% (S? = 1.1, CV = 69.2) per
year by the BRBT. The consumption o young shoot peaked
twice in a year, once during the late spring and the next
during the autumn (Figure 4.A). The average time spent on
eating flowers over the year was 0.95% (S? = 1.1, CV =
112.8) for the KRBT and 0.85% (S? = 0.6, CV = 92.8) for
the BRBT. A high peak of the abundance of flower was
during the spring season (March and April) and
concordance to this the time spent on flowers was highest
in April (03.86% for the KRBT and 02.81% for BRBT).

The KRBT spent an average 0.12% (S? = 0.0, CV =
88.4) while the BRBT spent average 0.22% (S>=0.1, CV =
104.6) of annual time on bark eating over the year. There
was no distinct seasonal pattern on barks consumption. The
mean time spent for petiole eating was 0.36% (S%?=0.1, CV
= 93.5) per year by the KRBT and 0.42% (S? = 0.1, CV =
67.7) per year by the BRBT. Petiole consumption peaked
during the spring season.
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Figure 3. Monthly variation in time spent on feeding major food items by two study troops (KRBT and BRBT) of Assamese macaques;

A. Mature leaves, B. Young leaves, C. Fruits, and D. Seeds.
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Monthly variation of time spent on other food items
Apart from the aerial plant parts, Assamese macaques
were observed consuming other food items, including the
rhizome, invertebrates, licking on stone and soil eating
(geophagy) (Figure 5). The average time spent on rhizome
eating over the year was 0.73% (S? = 0.5, CV = 100.5) for
the KRBT and 1.02% (S? = 0.8, CV = 87.1) for the BRBT.
The highest time spent on rhizome eating was recorded
during the spring season for both the study troops.
Invertebrates were foraged with an average time of
2.90% (S? = 20.4, CV = 155.8) per year by the KRBT and
2.43% (S? = 11.6, CV = 139.9) per year by the BRBT. The
invertebrate-eating peak time was observed during
February and March. Additionally, stone licking and
geophagy were the remarkable phenomena of eating
inorganic foods observed in both the study troops which
licked stones in the sides of both the rivers (Kaligandaki
and Budhigandaki). The mean time spent for stone licking
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macaques; A. Young shoots, B. Barks, C. Flowers, D. Petioles
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was 2.04% (S? = 5.5, CV = 115.3) per year by the KRBT
and 1.40% (S? = 3.9, CV = 141.3) per year by the BRBT.
Stone licking was consistently higher in KRBT than the
BRBT except for August. The mean time spent for
geophagy was 0.55% (S? = 0.3, CV = 92.5) per year by the
KRBT and 0.33% (S? = 0.1, CV = 83.9) per year by the
BRBT. Soil eating was highest during March at 01.95% for
Kaligandaki while during September at 00.95% for
Budhigandaki.

Apart from plant parts consumption and geophagy, both
the troops of Assamese macaques were observed drinking
water and occasionally feeding on the wastes. The mean
time spent for water drinking was 0.99% (S%2 = 0.8, CV =
90.1) per year by KRBT and 0.90% (S% = 0.7, CV = 90.5)
per year by BRBT. The average time spent for waste eating
was 0.21% (S? = 0.1, CV = 129.5) per year by the KRBT
and 0.13% (S? = 0.0, CV = 85.9) per year by the BRBT.
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Monthly variation in time spent on feeding accessory plant parts by two study troops (KRBT and BRBT) of Assamese
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Figure 5. Monthly variation in time spent on accessory food items by two study troops (KRBT and BRBT) of Assamese macaques; A.
Rhizome, B. Invertebrates, C. Stone licking, D. Soil eating (geophagy)

Discussion

Assamese macaques in central Nepal invested majority
(>40% on average) of their diurnal time on feeding. They
devoted more than half of the diurnal time to feeding and
foraging during the winter months (December-February)
when resources were limited in cold and dry periods. There
appears to be a strong seasonality in the availability of food
resources in the area, and macaques show plasticity in
selecting the food items according to their availability.
Similar to our findings, Assamese monkeys in Nonggang
Nature Reserve, China spend a greater proportion of time
on feeding and less time on resting and grooming in the dry
season than in the rainy season (Zhou et al. 2007).
Monkeys feed on low-quality, subsistence foods, such as
mature leaves, when high-quality foods, such as fruits and
young leaves are scarce (Zhou et al. 2006).

Assamese macaques in the study area depicted food
specialist nature showing their higher dependence on the
less dominant food plants of the habitat. The dominant
plants of the habitat were not always the first choice of
food for Assamese macaques. The habitat of the KRBT
was dominated by the plants like Trichilia connaroides,
Schima wallichii, Aegle marmelos, etc., however, the most
consumed plant parts were from relatively less abundant

Albizzia chinensis. The BRBT inhabits the area of higher
abundance of Shorea robusta, Adina cordifolia,
Lagerstroemia parviflora, etc. and the species third in the
rank was the most preferred food plant. Among the
different plant parts, leaves formed the major bulk in the
diet of Assamese macaques. Although described as
omnivorous (Boonaratana et al. 2020), they are primarily
dependent upon leaves, fruits and seeds.

The observations on feeding habits revealed that
Assamese macaques are adaptable foragers able to modify
their diet seasonally, being more folivorous in the dry
season and more frugivorous in the wet season. Due to the
seasonal variation on availability of different food items,
the Assamese macaques had to shift their preference for
major food items seasonally. In highly seasonal habitats,
food availability is not even over the year, and species
cannot rely entirely on preferred foods. Instead, they are
expected to include less preferred fallback foods in their
diet during a certain period of the year (Marshall and
Wrangham 2007). Therefore, it is expected that
omnivorous species tune their feeding patterns to seasonal
resource availability. Furthermore, climate change is
predicted to have significant effects on plant phenology and
vegetation structure (Chapman et al. 2005). The seasonal
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pattern of fruit production sometimes becomes more
important than habitat characteristics in determining the
diet of primates (Dunn et al. 2010). Seasonal variation in
the diet of Assamese macaques was clearly linked to
seasonal fluctuation in food availability. For example, they
relied heavily on young leaves during the spring season
during which consumption of the mature leaves dropped.
Such a relationship has been widely demonstrated in
primates (Simmen et al. 2003; Norsica et al. 2006).
Animals that live in seasonally changing environments
concentrate on specific food sources that are available all
year round or vary their diet in relation to seasonal changes
in availability (Guo et al. 2007).

Assamese macaques are mostly folivores, and the time
spent on leaf-eating (mature and young) was nearly half
(49.58% in KRBT and 49.74% in BRBT) of their total
feeding time. Similar to our findings, young leaves were
stapled food items for Assamese macaques inhabiting
limestone forests in Nonggang, China, which constituted
the bulk of monthly diets almost yearly (Zhou et al. 2011;
Huang et al. 2015). There was no significant difference in
time investment on different food items between the KRBT
and BRBT of Assamese macaques. Koirala et al. (2017)
observed significant difference in feeding time investment
and diurnal activity pattern between two troops of
Assamese macaques, one of which was wild and the other
was partially supplemented waste foods. Adhikari et al.
(2018) also observed significant alteration in the behavior
of a troop of Assamese macaque supplemented human
food. Both the troops of this study are in a similar
ecological set up of deciduous rainforest and also have
highly similar food plant preferences, which might have
caused almost similar investment of time on feeding and
food selection.

Among other food items apart from leaves, the amount
of time invested on fruits, flowers, and seeds was high. It
suggests that Assamese macaques like to avoid leaves
(especially mature) and try to intake other more nutritive
food whenever possible. The species in Thailand has been
reported to invest the largest part of feeding time (42.4%)
on fruits (Schulke et al. 2011). In Nonggang Nature
Reserve, China, Assamese macaques invested less than
20% time on feeding fruits, suggesting their folivorous
habits (Zhou et al. 2011; Huang et al. 2015). Some
primates eat barks during the dry season when the least
amount of food is available, providing food with water
(Sugiyama 1964). Bark assumed leading importance in the
diet of Bornean orangutans when major fruits did not ripen
(Nishida 1976). Bark eating was recorded in Assamese
macaques when young leaves and fruits were under-
supplied. It suggests that Assamese macaques utilize bark
as food whenever other foods are less abundant.

The availability of food in the deciduous forests of
Kaligandaki River Basin and Budhigandaki River Basin is
highly seasonal. The effect of such seasonality on food
availability is reflected in the feeding behavior of
Assamese macaques. Food distribution determines search
strategies and animal movement patterns that in turn affect
the time investment on feeding (Reyna-Hurtado et al.
2018). Species that experience large and unpredictable
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seasonal variations in food availability tend to grow and
reproduce at slower rates than species with more
predictable environments (Wright et al. 2015). During the
scarcity of high-energy foods, animals reduce most energy-
demanding activities, travel less and over shorter distances,
but use their home range more broadly (Nagy-Reis and
Setz 2017). Similar to these observations, Assamese
macaques in central Nepal switched between the young
leaves and mature leaves according to their availability, but
the higher preference was to the young leaves.

In conclusion, the Assamese macaques of Kaligandaki
and Budhigandaki river basins contributed to leaf-eating,
followed by fruits and seeds. Assamese macaques in
Kaligandaki River Basin frequently utilized leaves of
Albizzia chinensis and that of Budhigandaki River Basin
chose leaves of Lagerstroemia parviflora as their major
food plant throughout the year. This indicates that
Assamese macaques of both river basins are mostly
folivorous. Food choice and time investment on the feeding
of different plant parts may differ depending on the food
availability in the area. Macaques living in the wild at
comparable ecological setups with similar nutrient
concentrations of staple foods have analogous food choices
and time investments.
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Table S1. List of food plants and their parts used by Assamese macaque troops

KRBT BRBT
Scientific name Part used as food Scientific name Part used as food
Acacia catechu Mature leaf Acacia catechu Mature leaf
Aegle marmelos Fruit Adina cardifolia Young leaf
Albizzia chinensis Mature leaf, young leaf Aegle marmelos Fruit
Alstonia scholaries Young leaf Albizzia chinensis Mature leaf, young leaf
Anthocephalus chinensis Young leaf, flower Alstonia scholaries Young leaf
Antidesma acidum Mature leaf Anthocephalus chinensis Young leaf, flower
Antidesma ghaesembilla Mature leaf Antidesma acidum Mature leaf
Aporusa octandra Young leaf, flower Aporusa octandra Young leaf, flower
Ardisia solanacea Fruit Ardisia solanacea Fruit
Arisaema tortuosum Seed Arisaema tortuosum Seed

Arundinaria intermedia
Bauhinia purpurea
Bauhinia vahlii
Bauhinia variegata
Begonia picta

Berberis asiatica
Bombax ceiba
Callicarpa arborea
Castanopsis indica
Castanopsis tribuloides
Colebrookea oppositifolia
Colocasium esculenta
Cynodon dactylon
Dendrocalamus strictus
Dioscorea bulbifera
Diploknema butyracea
Dryopteris filix-mas
Eupatorium odoratum
Ficus benghalensis
Ficus benjamina

Ficus hispida

Ficus lacor

Ficus nervosa

Ficus racemose

Ficus religiosa

Ficus sarmentosa
Hedyotis lineata
Justicia adhatoda
Lannea coromandelica
Madhuca longifolia
Maesa montana
Magnifera indica
Mallotus philippensis

Melastoma malabathricum

Melia azedarach
Michelia champaca
Milletia extensa
Milletia fruticose
Morus macroura
Musa superfa

Myrica esculenta
Odina wodier

Osyris wightiana
Phyllanthus emblica
Premna scandens
Prunus cerasoides
Pyrus pashia

Rubus ellipticus
Rubus rugosus
Shorea robusta
Sphaerosacme decandra
Spondias pinnata
Syzygium cumini
Syzygium jambos
Terminalia alata
Terminalia bellirica
Terminalia chebula
Thysanolaena maxima
Toona ciliata
Trichilia connaroides
Woodfordia fruiticosa

Young shoot

Fruit, young shoot
Seed

Flower, bark
Mature leaf

Fruit

Young leaf
Mature leaf

Seed

Seed

Flower

Young leaf
Mature leaf
Young shoot
Rhizome, young leaf, petiole
Fruit

Mature leaf
Young leaf, petiole
Fruit

Fruit

Fruit, bark

Young leaf

Young leaf

Young leaf

Fruit

Fruit

Bark, petiole
Flower

Young leaf, flower
Mature leaf
Mature leaf, young shoot
Fruit

Mature leaf

Fruit

Mature leaf
Young leaf
Mature leaf
Mature leaf

Fruit, mature leaf
Fruit

Fruit, mature leaf
Mature leaf
Mature leaf

Fruit, mature leaf
Mature leaf, young leaf
Fruit, mature leaf
Fruit

Fruit

Fruit

Young leaf, flower
Mature leaf

Fruit

Fruit, young leaf
Fruit

Young leaf, seed, bark
Fruit

Fruit, mature leaf
Young shoot
Mature leaf

Fruit

Mature leaf, young leaf, flower

Arundinaria intermedia
Bauhinia purpurea
Bauhinia vahlii
Bauhinia variegata
Berberis asiatica
Bombax ceiba
Callicarpa arborea
Castanopsis indica
Castanopsis tribuloides
Colebrookea oppositifolia
Colocasium esculenta
Cynodon dactylon
Dendrocalamus strictus
Dioscorea bulbifera
Diploknema butyracea
Dryopteris filix-mas
Eupatorium odoratum
Ficus benghalensis
Ficus benjamina

Ficus hispida

Ficus lacor

Ficus nervosa

Ficus racemose

Ficus religiosa

Ficus sarmentosa
Hedyotis lineata
Justicia adhatoda
Lagerstroemia parviflora
Lannea coromandelica
Madhuca longifolia
Maesa montana
Magnifera indica
Mallotus philippensis
Melastoma malabathricum
Melia azedarach
Michelia champaca
Milletia extensa
Milletia fruticose
Morus macroura
Myrica esculenta
Osyris wightiana
Phyllanthus emblica
Prunus cerasoides
Pyrus pashia

Rubus ellipticus

Rubus rugosus

Shorea robusta
Spondias pinnata
Syzygium cumini
Syzygium jambos
Terminalia alata
Terminalia bellirica
Terminalia chebula
Thysanolaena maxima
Toona ciliata

Trichilia connaroides
Woodfordia fruiticosa
Zizyphus mauritiana
Zizyphus rugose

Young shoot
Fruit, young shoot
Seed
Flower, bark
Fruit

Young leaf
Mature leaf
Seed

Seed

Flower
Young leaf
Mature leaf
Young shoot

Rhizome, young leaf, petiole

Fruit

Mature leaf
Young leaf, petiole
Fruit

Fruit

Fruit, bark

Young leaf

Young leaf

Young leaf

Fruit

Fruit

Bark, petiole
Flower

Young leaf

Young leaf, flower
Mature leaf
Mature leaf, young shoot
Fruit

Mature leaf

Fruit

Mature leaf
Young leaf
Mature leaf
Mature leaf

Fruit, mature leaf
Fruit, mature leaf
Mature leaf

Fruit, mature leaf
Fruit, mature leaf
Fruit

Fruit

Fruit

Young leaf, flower
Fruit

Fruit, young leaf
Fruit

Young leaf, seed, bark
Fruit

Fruit, mature leaf
Young shoot
Mature leaf

Fruit

Mature leaf, young leaf, flower

Fruit
Fruit




