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ABSTRACT

A study on Assamese monkeydlgcaca assamengiswas performed in the
Kaligandaki river basin (KRB) of western Nepal andhe Budhigandaki river basin
(BRB) of central Nepal. The field study was conédctfrom February 2015 to
January 2016 spending 1804 hours to explore thiog@e@nd feeding behavior of

Assamese monkeys.

During the study period, a total of 42 individuals Assamese monkeys with two
troops (Palpa troop n=24 and Syangja troop n=18) miean group size 21 in KRB
and that of 43 individuals with three troops (Rldtla troop n=16, Rockybhir troop
n=13 and Siurenitar troop n=14) with mean grouje 4i4.33 in BRB were recorded.
Pearson’s Chi-squared tegf € 20.5511, p = 0.665) and Fisher's exact test (p =
0.861) show that there is no significant differencélistribution pattern of Assamese
monkeys among blocks (Block A, Block B, Block CpBk D and Block E).

Two troops of Assamese monkeys, one from KRB nam&dKaligandaki focal
Assamese Syangja troop (KFAST) and other from BRBed as Budhigandaki focal
Assamese Siurenitar troop (BFAST) were monitoreédgiscan sampling and focal
animal sampling methods to understand the ecologly faeding behavior of the

monkeys in two different topographical river systehiNepal.

Botanical quadrate sampling (20 xm20 m) plotted in different altitudinal areas of
KRB forest revealed thakrichilia connaroideswas the dominant plant species with
relative density 35.68% and relative frequency %38hile Shorea robustavas the
dominant plant species with relative density 29.7&8d relative frequency 8.87% in
BRB forest. Different quadrate plots and vegetatemalysis revealed that the
Assamese monkeys of KRB and BRB were found inhdbitesub-tropical deciduous
riverine forest with rocky cliffs habitat. Kaligaaki Assamese monkeys frequently
used leaf ofAlbizzia chinensigind that of Budhigandaki used leaflafgerstroemia
parviflora as major food throughout the year. Most of theabmal quadrate plots
also included Albizzia chinensisspecies in Kaligandaki area and that of
Lagerstroemia parvifloraspecies in Budhigandaki area although dominated by

Trichilia connaroidesin Kaligandaki andShorea robustan Budhigandaki. Further,
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the sleeping sites of the Assamese monkeys duigig time were found on rocky
cliffs and rocky outcrops of both the river basiotks. These rocky cliffs and rocky
outcrops were very close with specific food plaotshe monkeys in both the sites

that might help them to prefer this type of habitat

Four major behaviors namely feeding, resting, mg\and grooming were recorded.
During 716 hours of observation period in Kaligakid#he total feeding time spent
by Assamese monkeys was 294.7 hours (41.16%) amaidinigandaki during 691

hours observation period, the total feeding timensgy the monkeys was 306.5
hours (44.36%), as highest in both sites followgddsting, moving and grooming.

Special emphasis was given to time investment aad intake by the monkeys. They
preferred fruits (27.19% in Kaligandaki and 29.5#4%8udhigandaki) as the highest
intake per year in gram percentage followed by meateaf and others, however the
feeding time spent per year was higher on matwak (&0.02% in Kaligandaki and

29.04% in Budhigandaki) followed by fruits and atheThis shows from the results
that food intake amount and time investment onifeedf different plant parts may

differ depending on the nutritive value of food defaility.

Data from systematic behavioral observations waedyaed with reference to that of
the vegetation surveys. Assamese macaques investedthan two-fifths (>40%) of
the diurnal time on feeding. The two study troamsabiting highly similar habitats of
food plants (Sorensen’s Similarity Index = 0.93)rdi have a significant difference
in the selection of food-plant parts. This conchiddat food choice and time
investment on the feeding of different plant paliféer depending on the availability
of food in the area. Macaques living in compardideitats with similar food plants

have analogous food choices and time investments.

Crop raiding by Assamese monkeys is one of th@gemproblems in both KRB and
BRB villages. Maize crop was highly preferred (424 in Kaligandaki and 58.43%
in Budhigandaki) by the Assamese monkeys as a neapgr raid followed by others.
Monkeys raid the crops mainly due to the scardityaiural foods and degradation of
their habitats. Therefore, conservation attemptilshbe focused on this nationally
endangered and protected primate species in Napatder to provide a practical

guide to future conservation.
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CHAPTER 1

1. INTRODUCTION
1.1 Introduction

Primates are varying according to their activitytt@as across taxa and habitats
(Chapman & Chapman, 1991; Hanya, 2004; Zktwl, 2007; Fanet al, 2008;
Dunbaret al, 2009; Korstjen®t al, 2010; Maet al, 2014; Matsudat al, 2014).
Many variables determine their activities, inclugliendogenous timing systems (Hut
& Beersma, 2011) and natural environments (Lincelnal, 2003). Food-related
factors, such as abundance, quality, distributioth seasonal variation of resources,
are the determinants shaping the temporal distabudf primates’ daily activities
(Hanya, 2004; Matsudet al, 2009; Korstjenst al, 2010; Sha & Hanya, 2013).

Primates, in general, adjust their diurnal timensp® the four major activities
(feeding, resting, moving and socializing) in resg® to the fluctuation in food
abundance (Hanya, 2004; Sha & Hanya, 2013; dtaa., 2013; Bachet al, 2017,
Guanet al, 2018). However, the eastern hoolock gibboAsofock leuconedyks
increased their resting time and decreased mowing in response to the less fruits
available seasons (Fam al, 2013). Animals could reconstruct their actiyigtterns
such as reducing resting times to cope with cureamtironmental changes, thus
conserving sufficient time/energy for their sodi@lationships that strongly affect an
individual's long term fitness (Dunbar & Dunbar,88 Silket al, 2003; Silk, 2007).
The shifting of behavior is not always profitabte Some species. As demonstrated
among gelada baboonBheropithecus gelagawithdrawing from socializing in order
to increase foraging times had a negative impadhengroup’s stability (Dunbar &
Dunbar, 1988; Dunbar, 1992). Hence, activity pageand time budgets can serve as
significant predictors of their fates in particukabitats (Dunbar, 1992; Dunbetral.,
2009; Korstjenst al, 2010). Therefore, a total behavioral study afreah is of great
practical importance for the conservation of witdnaals itself (Manning & Dawkins,
1998).

Availability of food and influencing other envirommtal factors, which vary in time
and space, impacts the activity budgets of prim@tegolo et al, 2013; McFarlanet
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al., 2014). Seasonal variation in food availabilibyde to many primates altering their
activity budget, ranging patterns and dietary Ky in response to the preferred
and fallback foods (Hemingway & Bynum, 2005; Kno2005; Grueter, 2017).
Furthermore, primates display a wide array of dieand behavioral adaptations to
maintain adequate food during periods of food stafSerckxet al, 2015; Clinket
al., 2017). Among them, frugivores tend to have londgly travel distances than
folivores because fruits are usually more patcHibtributed and clumped resources
than leaves (Chapmam al.,, 1995; Chalise, 1995).

During seasonal food shortages, primates oftenlajispehavioral plasticity by
incorporation of alternate plant parts, the hun@od$ from adjoining crop fields and
human provisioning. Additionally, they show diffaees in activity, ranging and
grouping patterns (Cabaeaal, 2017; Frechettet al, 2017; McLennaret al,, 2017).
They maximize net energy intake like energy maxarszwhen high-quality food is
available and adopt an energy-conserving strategingl periods of lower energy
food availability (Niet al, 2015).

Conventional approaches have mainly examined ti@eimce of climatic conditions,
food and nutrient demands, and predation on agtigdtterns for primates too
(Cowlishaw, 1997; Hill & Dunbar, 2002; Hi#t al, 2004; Hanya, 2004; Zhaet al,
2007; Faret al, 2008, 2012; Matsudet al, 2009; Carlsoret al, 2013; Guaret al,
2018). However, the majority of previous studiesehaxamined the annual and/or
monthly variations among animals, with limited fescon micro-variations in specific
behaviors (Carlsomt al, 2013). Information regarding such micro-variatas, in
fact, crucial for understanding how primates intergith their environment and their
energy/time allocate in natural habitats (Raemagked78; Carlsoet al, 2013; Ma
et al, 2014; Matsudat al, 2014).

Temporal distribution of feeding behavior can varyrder to meet the energy needs
during different time periods (Raemaekers, 1978 €&taal, 2008; Maet al, 2014).
Most primates prefer to consume fruits in the magnio compensate for the energy
deficiency from the previous night’'s rest (Chapn&rChapman, 1991), which is
demonstrated by several frugivorous and mixed hatihates, including Cao Vit
gibbons Nomascus nasutugMa et al, 2014), spider monkeysAteles geoffroyi
(Chapman & Chapman, 1991), and lar gibbdiddbates laj (Raemaekers, 1978).
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Among the environmental factors, temperature playsignificant predictor when
modeling primates’ daily activities and social natetions (Aujarcet al, 1998; Hill &
Dunbar, 2002; Huangt al, 2003; Faret al, 2008, 2012; Matsudet al, 2009). As
emphasized by Dunbat al. (2009) and Korstjenst al. (2010), primates alter their
activity patterns in response to thermoregulatogmands, thus indicating that
temperature is more important than other ecologfeators. For example, the
majority of diurnal primates are characterized W tfeeding peaks (morning and
afternoon) separated by one resting peak at nodnthel day length is long
(Raemaekers, 1978; Chapman & Chapman, 1991; Hearay, 2003; Fanet al,
2008; Maet al, 2014; Matsudat al, 2014). The resting peak is in response to the
normally high temperatures around midday (Huaha@l, 2003, 2016; Hillet al,
2004), as demonstrated by the white-headed lar{uashypithecus leucocepha)us

which increase their resting times during hottenthe (Huanget al, 2003).

The distribution of species is the manner in whactpecies is spatially arranged. The
reasoning behind this is that they share traitsiti@ease vulnerability to extinction
because related taxa are often located within éimeesbroad geographical or habitat

type where human induced threats are concentrBiadicet al, 2000).

Food plays crucial primary factor for the regulatiof day to day activity profiles of
animals (Sarkaet al, 2012). Determining the activity patterns andetibudgets of
animals is essential for understanding their bedralicharacteristics (Janson, 1992;
Di-Fiore & Rodman, 2001Kronfeld-Schor & Dayan2003; Dunbaet al, 2009).

1.1.1 Origin of primates

Evolutionary time scale shows that primates argen§ recent origin. It is supposed
to be origin of primates around 65-70 million yeago. The first primates were
probably small arboreal, quadrupedal omnivores wegy around 150 grams and
obtaining their food on the ground and in the lovesels of tropical forests (Fleagle,
1988; Groves, 1993).

The mammals which belong to an order Primate, delilne monkeys, apes, humans

and other similar forms typically have dexterousdsaand feet, binocular vision and
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a well-developed brain (Tattersall, 1993). They ammmonly called monkeys,
excluding only the tree shrews, the lemur-like feynthe apes and humans and
therefore embody tremendous evolutionary and adapgrrangements of animals
(Tattersall, 1993). Macaques are ecologically em&ly adaptive primates which are
distributed more widely than any other non-humamate genus. After a split off
from the Baboons, Mandrills, and Mangabeys, theyedoout of Africa and today

only the Barbary macaquilacaca sylvanyss still found in Africa.

Primates today are found throughout the tropicalkesoof South America, Africa and
Asia. Within those continental areas where thepclur, primates occupy all type of
habitat, from climax rain forest and moorland, aghhmountain ranges to open
savanna and desert habitat (Dunbar, 1998). In brosehse, primates nowadays are
confined between 40N to 40 S of equator in the moderate habitat (Chalise9199
Furthermore, macaques are found in tropical rarests across Asia but may live at
high altitudes in the Himalayas and other temperagéons with long snowy winters
(Schukleet al, 2011; Chalise, 2013a). All other extAmhcacaspecies occur in Asia,
ranging from Pakistan, India, Nepal and Tibet ofr@ahn the west to the northeastern
tip of Japan and just south of the Wallace linthim Southeast (Thierst al, 2004).

Living primates are categorized into Prosimiansn(les, lorises, bushbabies and
tarsiers) and Simians or Anthropoids (monkeys, aped men). The major

distinctions between prosimians and the anthropaidsn their sensory anatomy and
physiology. Moreover, at the centre of these dcsitom, the another fact is that the
majority of the prosimians are nocturnal and arghbids are diurnal. Prosimians
possess relatively small brain, relatively weakroewscular control over their hands
and digits as compared to the anthropoids (Bisthi®p4). They have relatively large
eyes, sensitive nocturnal vision, large indeperigaenbvable ears, elaborate tactile
hairs and a well developed sense of smell (Beadf87). The anthropoid primates
are advance phylogenetically and their sense orgadserceptual abilities are well

adapted.
1.1.2 Global primate status and phylogeny

There are 633 identified species of primates anthage 54% of them are threatened,

endangered, and critically endangered (IUCN/SSA2pP@mong them 25 primate
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species are considered to be the most endangeze@spvorldwide (Schwitzest al,
2015). Primates are broadly grouped into Strepsd)iThe New World Monkeys and
Platerhines, The Old World Monkeys.

The genusMacacabelongs to the subfamily Cercopithecinae whichthadve genera
of living species such as Allen's Swamp Monkey, aRaMonkey, Guenons,
Mangabeys and possibly more. This subfamily beldogbe family Cercopithecidae
which belongs to the superfamily Cercopithecoiddaciv are called Old World
Monkeys; members include Colobus, Langurs, Suatid Doucs. This superfamily
belongs to the Parvorder Catarrhini and there metbing very special about this

Parvorder.

Catarrhini consists of three families- Cercopitdee, Hylobatidae and Hominidae
(that's ours). In addition to having all of the Q\brld Monkeys, and the Gibbons, it
also named as the Great Apes: Gorillas, Orangut@hsnpanzees, and Humans
(Homo sapiens sapiens Catarrhini belongs to the infraorder Simiiformes
Simiiformes belongs to the suborder Haplorrhini ethincludes all that has been
listed along with the extinct Omomyids. Haplorrhimelongs to the order Primate

(Groves, 2001).

1.1.3 Species of monkeysin Nepal

Among the non-human primates, three species of myalith their six subspecies
(two subspecies d¥lacacaand four subspecies of Langurs) are reported iapal
(Chalise, 2013). The Rhesus monkeja¢aca mulattaZimmermann, 1780) are
found freely ranging in wild as well as in urbafigieus places. The Langur monkeys
(Semnopithecus entellulbormer namePresbytis entelluPufresne, 1797) are found
freely ranging in wild forest and marginal areabeSe two species are common and
widely distributed from subtropical (Tarai) to salpine (high mountains upto 12,000
feet) regions of Nepal (Southwickt al, 1982; Bishop, 1979). The other macaque
species, Assamese monkeydataca assamensisicClelland, 1840) are reported
from mid-hills and high Montana forest of Nepal, a8k ecological and behavioral
details are still largely unknown though some papah, distribution and habitat use

are informed (Chalise, 2006, 2013).



1.1.4 Assamese monkeys

The local vernacular name of Assamese monkMac@ca assamengisn Nepal is
Pahare Bandar, Pupa, Timnyau or Kala Ganda (Chalié80a). Although the
distribution of Macaca assamensis restricted mainly to the Himalayan foothill
region, it is also recorded beyond southern pdrtsharia hills along river basin of
Nepal (Chalise, 2016). Because of their distributjgattern, Assamese macaque
population would have been more influenced by fonebitat deterioration compared
with Rhesus macaque populations (Wada, 2005). fidwriented distribution of the
Assamese macaque seems inadequate for maintainiiapla population in Nepal.
There has been few studies to estimate the minimable population size necessary
for the conservation of not only Assamese macaduédylacacain general (Wada,
2005). Species viability can be measured by evalgigbopulation dynamics and

environmental effects (Fa & Linda, 1996).

Assamese macaque is one of the members of polyypza-group of macaques that
is characterized by the sagittate-shaped glansspand that has a fragmented
distribution in southern and southeastern Asia.aAssse macaques are medium-
sized, arboreal, diurnal, and omnivorous cercopittee primates that live in

multimale-multifemale social groups (Chalise, 199®jlur et al,, 2003).

Distribution and conservation status of Assamesekay in Nepal is not thoroughly

documented. Wada (2005) surveyed the distributfoAssamese macaque in Nepal
and reported it from only the east of KaligandakieR The studies so far in Nepal
(Chalise, 1999, 2008, 2013; Chalise al, 2005; Wada, 2005) were confined to
surveying the fragmented populations of Assamessaqee at different patches, and
found to be presence in west Nepal too. Most ohddgtats of the species fall outside
the protected areas in mid-hills and site spediéitailed documentation of population

and distribution was done.

There are two subspecies of the Assamese macahese &re the Eastern Assamese
macaque Nlacaca assamensis assamensaasid the Western Assamese macaque
(Macaca assamensis pelgpShe distribution ranges of these two subspeeies

demarcated by the Brahmaputra River (Groves, 2B0bset al, 2014).



The Eastern Assamese macaque is located aroundarBh@&outhern China,
Northeastern India, Lao, Myanmar, Thailand and néaet (Groves, 2001). In
Thailand, the habitat loss is a threat, and so se@ndary albeit miner threat of
hunting, however they are not allowed to be huntreghped or harmed in the temples.
In Myanmar, they are hunted to make shoes and twvhile their skins are taken
to Tibet for sale; combined with habitat loss th@pulation is facing an imminent
threat. In Lao and Vietnam, the threat is huntimgldones to make balm and glue, and
although it is not used in Lao, it is exported tetdam due to demand.

The Western Assamese macaque is only found in gotewlations that are next to
each other in India, Nepal, Bhutan and also Chigs subspecies, although widely
distributed, is threatened by habitat destructioth some populations such as in Nepal
are listed as protected species (Chalise, 2000&) ABsamese monkeys of Nepal are
considered ‘Nepal population’ and categorized asddhgered” by CAMP Workshop
2002 due to taxonomic confusion and shrinking pafoh in their typical natural
habitat (Moluret al, 2003). This population is different from the Assese monkeys
described up to now from south-east Asia in respedhe head-body length, tail
length, T/HB ratio and weight. The body fur andidcoloration also differ in males
and females (Chalise, 2003, 2005).

Assamese macaque Nepal population is endemic t@alNem likely in some way
distinct from the two recognized subspecies. Assanmeacaque population in Nepal
differs in pelage and facial color, relative tahgth, and elevation distribution range
to their nearest conspecific populationdlacaca assamensis pelgpsrom the
adjacent countries such as India and Bhutan. Tthes,Nepalese population of
Assamese macaque was doubted for a distinct subspsiatus and referred to as
‘Macaca assamensislepal population’ (Moluret al, 2003; Chalise, 2005, 2013;
Boonratanaet al, 2008, 2020).

Nepalese Assamese macaque is categorized as Neatdred by the IUCN Red List
of Threatened Species, as it is experiencing sggmf declines due to poaching,
habitat degradation and fragmentation (Boonratdred, 2008, 2020). This species is
listed on Appendix Il of CITES. Assamese macaqupufadion of Nepal is listed

nationally as endangered species due to its restridistribution, population threats



and small numbers of the population in fragmentatthes of the remaining habitat
(Chalise, 2013; Khanakt al, 2019). Recently, phylogenetic analysis has also
suggested that a distinct species status of Assamesaque population in Nepal

emphasizing the need of its conservation intereantKhanalet al, 2021).

Assamese monkeys display variations in both mogahoal and behavioral patterns
at different latitudes and elevations in Nepal doighe isolation by physiographic
barriers such as mountains and rivers (Chalise8,20013; Khanalet al, 2018,

2019). This species acts as a crop-raider primpéeias in many parts of Nepal
(Chalise, 2010; Paudel, 2017; Adhikatial, 2018; Ghimire & Chalise, 2018, 2019).

1.1.4.1 Morphology

The common Assamese macaque’s pelt is dark towishobrown in color. It has
hairless face cheek pouches to store food in wbileging. The facial skin is dark
brownish to purplish in color. The head has a darige of hair. The hair on the
crown is parted in the middle. The adult macagbedy length measures from 50 to
73 cm (20 to 29 inches). Its tail is between 19 a38a&m (7.5 to 15 inches) in length.
The average body weight of the adult male Assameseaque is between 10 and
14.5 kg (22 to 32 pounds) and the average bodyhweigthe adult female Assamese
macaque is between 8 and 12 kg (17 to 26 pountis)r(€ry, 2004).

1.1.4.2 Behavior

The major behaviors of Assamese monkeys considbrafjing, resting, moving,
grooming and other social interactions. Searchingdf chewing and eating are
considered as foraging. Sitting, sleeping and largconsidered as resting. Walking,
displacing, playing and swinging are consideredasing. Scratching and searching
the lice, ticks, bugs, dirts, etc. on their own Ypad body of others are considered as
grooming. The pattern of behavioral activity isluginced by various factors like
availability of food, seasons, habitat, etc. Thereo particular time for agonistic and
sexual behavior. They can show agonistic and selxebhvior at any time during
foraging, resting, moving or grooming. Eating owem&n by male after copulation

with female is the special feature of Assamese raegsik



They are omnivorous animals feeding on fruits, ésavflowers, seeds, cereals and
invertebrates especially insect larvae. They liviehwnulti-male and multi-female
social troops. They are shy, timid and less aggredse human beings in comparison
to Rhesus monkeys. As a diurnal animal, Assamesacgunas are much like human in
that during the day they become active and at rtigey sleep. They live either in
trees (arboreal) or on the ground (terrestrial)véner it obviously has a preference
for the denser areas and is subsequently mostdnédgu dense forests (Srivastava &
Mohnot, 2001).

The study of feeding behavior is essential to theéeustanding of a species ecological
adaptation to the environment, and it is also apoirtant factor to be considered
when examining the relationship between ecology sodo-biological problems.
Animals must get food to maintain themselves amdoduce. All primates have the
same general need to acquire energy, aminoacidsraté, vitamins, water, and
certain fatty acids. However, their specific indiwal requirements vary and are met
in a great variety of ways (Oates, 1987).

Temporal food availability for the particular spesidrivers their feeding strategies
(Bessaet al, 2015). Assamese monkeys are habitat speciglisferring a narrow
home-range. Their distribution is mainly limited fiverine broad-leaved forests.
These forest areas show a remarkable seasonativaria respect to resource
availability. However, in Nepal, the response bynkeys to such variations in food
resources accessibility is under studied.

1.1.4.3 Distribution in Nepal

The population of Assamese monkeys in Nepal igidiged in a narrow elevational
range of mid-hills (Chalise, 2013; Khanel al, 2019). This species is a habitat
specialist preferring broad-leaved riverine forgdtanalet al, 2019). Primarily, they
live in subtropical broad-leaved forests. They lorethe high canopy and also on the
ground (Chalise, 2003). More than half of the papah of Assamese macaques
currently resides outside the protected area systétepal (Khanakt al, 2019). The
incident of human-macaque conflict through crophrag is high. Therefore, the
general ecology and socio-ecology of this primaiecges need to be explored in
details that could provide great important inforimat for the conservation of

Assamese monkeys in Nepal.



In Nepal, Chalise (2013) reported Assamese monkeys 284 m in Abukhaireni,
Tanahu to 2,350 m asl in Langtang, Rasuwa. Theyfaaned in the basin of Arun
river around Apsuwa confluence, Bhumlingtar, Halbeghi, Tamor river, Bagmati,
Trishuli, Sunkoshi, Gandaki and Karnali river baainhigher elevation but warmer
valleys. Thus, Nepal population can be locateduio-tsopical hill sal forests area to
mixed deciduous forest, temperate broad leavedtfevith rocky out crops and along
the riverside steep sloppy forest of higher al&étutihe species confirmed from Kimni
Achham, Dadeldhura, Langtang National Park and rfHiela area, Makalu Barun
National Park, Hariharpur, Nagarjun forest of Ka#imdu, Budhigandaki river basin
of Dhading and Gorkha districts and Kaligandakeribasin of Palpa and Syangja
districts as well as Baglung and Parbat distridiee population of Assamese
monkeys in Nepal is recorded during first decade2@d0. Altogether 282 mature
individuals were recorded from different sites. Tioéal population was 525 with
different age and sex (Chalise, 2006). Later 0094 individuals with 51 different
troops of Assamese monkeys were recorded fromMéalstlu to west Api area of the
country (Chalise, 2013).

1.2 Rationale of research

In Nepal, the non-human primates and their multipéhavior dimention are not
studied thoroughly. Only few research works havenbearried out on population
status and distribution of primate species in secwogical zones of Nepal (Chalise
& Ghimire, 1998; Chalise, 2006; Khanat al, 2019). No research has been
conducted along the Kaligandaki river basin of Badmd Syangja districts and the
Budhigandaki river basin of Dhading and Gorkha rititd. These two different
topographical zones are also the habitat of Assam&snkeys that lie outside the
protected area system of Nepal. The obtained dafopulation, its composition,
distribution pattern, feeding ecology will be cabtrtory for the management and
conservation programs of Assamese monkeys in KR&stgvn Nepal) and BRB

(central Nepal).

Assamese monkeyMacaca assamengisis included as protected species by
Government of Nepal under the National Parks anldilifé Conservation Act 1973
(Boonratanaet al, 2008, 2020; Jnawaét al, 2011; Chalise, 2013; Chalis al,
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2013). According to Nepal Red List Data Book 1988s categorized as nationally
endangered species. To balance the natural sydtbratic community, every living
organism plays a vital role. The Assamese monkels for the dispersal of the seeds
of the plants and this species is also a part ef dbosystem. So, the Assamese
monkeys help in maintaining the natural environmdiite population of Assamese
macaques is decreasing day by day due to continu@ssure from different human
activities like destruction of their habitat, poaw) capturing, killing, etc. (Chalise,
2003). On the other hand, the construction of ralhgside the Kaligandaki river
(Kaligandaki corridor) and road constructed alodgdhe Budhigandaki river as well
as Budhigandaki hydroelectric project has furthereatened the population of

Assamese monkeys through rapid loss of their hiabita

This research intends to investigate the statustrilolition, habitat preferences,
ecology and behavior of this species from two inguar locations in Nepal which

will be helpful to evaluate the conservation stafiise outcomes of the research will
be beneficial to policy makers to ensure long teanservation and management for

Assamese monkeys in Nepal.
1.3 Objectives
General objective:

Study of general ecology and feeding behavior ofafisese monkeysM@caca
assamens)sin mid-hills of Nepal especially in Kaligandakné Budhigandaki river

basins.

Specific objectives:
1.  Survey of population status and distributiortgrat of Assamese monkeys along

Kaligandaki river basin (Ramdi to Ranimahal) anddBigandaki river basin

(Benighat to Arughat) of Nepal.
2. Investigation of habitat preference of the mgmski@ both study areas.

3. Exploration of general behavior specially fegdibehavior of Assamese

monkeys in both river basins.

4.  Assessment of economic loss status of cropnguii those areas.
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CHAPTER 2

2. LITERATURE REVIEW
2.1 National context

In Nepal, Assamese monkeys are recorded from 2&4Inm Abukhaireni, Tanahu to
2,350 m asl in LNP (Chalise, 2013). Chalise (20@pprted that the primate species
Assamese monkeys and langurs are dwellers of iikeferest area as it provides

succulent herbs and other food items includinganhksevae.

Subba (1998) studied the ecology and habitat ofakese monkeyMacaca
assamens)sn MBCA, Nepal. She found that trees with ledseight are not suitable
for the night halt and day time resting for the &sgse monkeys. She also reported
Schima wallachias the most exploited tree species Blaksa montanas the most
common plant among the ground vegetation of theaouae's habitat. She concluded
that the way in which primate use time and orgaaiaivity pattern is an important

aspect of behavioral ecology.

Chalise (1999) studied the behavior of Assamesekmpif Makalu Barun Area,
Nepal and found that macaque spent 44% of timereging, 25% in moving, 13% in

grooming and 18% time in resting.

Bhattarai (2002) studied the general behavior aftat use of Assamese macaque in
Sebrubeshi area of LNP. He found that Macaca assasesed broad-leaved conifer
mixed forest and grassland with scattered treddrbtaceae family abundantly. He
recorded the time spent on sitting behavior asdsghs 33.3% on followed by 29.6%
on feeding, 28.25% on walking, 6.4% on grooming arido on mating.

Khatiwada et al (2007) studied the population status of Assammseaque in
Kathmandu, Rasuwa and Dhading districts. It washdothat the macaques are
patchily distributed in the fragmented forests vede areas where macaques are

continuously facing the problem of habitat encreaeht by the local farmers.

Regmi and Kandel (2008) studied the status of Assammacaque in Langtang

National Park. They reported that a total of 213aksese macaques were observed in
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9 groups within 113 kfmin which the group density was found to be 0.0791
groups/kni with a population density of 1.8691 individualsfkmhe mean group size
of 23.66 individuals within the total area surveyadl13 knf at Langtang National
Park. In addition composition of age-sex of macagmaprised 31% adult females,

16% adult males, 18% young, 16% juveniles and 1%¥ewnfants in the study area.

Chalise (2010) studied Assamese monkey in SebrubésNP, Nepal. Their habitat
revealed that the composition of forest was withsp@cies trees and 12 species
shrubs and some herbs. According to this study,ntbekeys spent time in forest
(35%), rocky slope (30%), dry agricultural land &) riverbed (4%) and irrigated
land (4%) during their activities. The studied pammposition was 14% adult male,
18% adult female, 24% sub-adult male, 20% youndtddmale, 10% juvenile and
14% infants.

Chaliseet al (2013) studied the ecology and behavior of Assameonkey in
Shivapuri Nagarjun National Park. He reported fbahging/eating covered 46% of
total observed time while resting 19%, locomoti@94dl sleeping 12%, grooming 6%,
and playing 1%. Some other behavior noticed wergresgion, copulation, stone
licking, coughing and sniffing for short duratiovioung and tender leaves as well as
adjoining twigs were primary sources of food (38@4or winter followed by seeds
(35.29%), moss and epiphytes (14.71%), insects8¢s)8and others 5.88% while
water drinking was never observed. All troops inv8puri forest were found residing
on the steep cliffs along the streams bank whilgaan forest troops used cliff as
well as tall trees.

Adhikari and Chalise (2014) studied the generalab&n of Assamese macaque
(Macaca assamengidrom April 2012 to March 2013 around upper Marsydi
River in Taghring of Annapurna Conservation Areaofal of 53 Assamese monkeys
were recorded in 3 troops. For behavior study 1Qutei duration, 2640 scan samples
were recorded during the study period coverindall distinct seasons. The studied
group spent more than one third (45%) of theirItéitme for foraging purpose,
followed by 25% on locomotion, 20% on resting arf@®alon grooming. A distinct

seasonal variation in activities has been recobyestudy troops.

Pandey and Chalise (2015) studied the general g@godmd time budgeting for

Assamese monkey@acaca assamengisn SNNP, Nepal. The general ecology and
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daily time budget of Assamese monkey was access8HINP following Sikre Khola
troop. They calculated Assamese monkeys spent #@&oih foraging/feeding, 21%
time in locomotion, 16% time in grooming while 15ftne inactive. Play and
sleeping claimed 6% and 1% time simultaneously.

Crop raiding by monkey species is one of the probie the village areas of Nepal
although they help in dispersal of seeds in thedisr (Chalise, 1997, 1999; Ghimire,
2000, 2001). Of equal concern is the fact thatelssmals are considered as a crop
raiding pest in Nepal (Chalise, 2001) and as swctflicts between local farmers and
the macaques are on the rise.

2.2 International context

Assamese macaquedldcaca assamengisvere observed in central Nepal eastward
through the Himalaya to southernmost China andhnarnd central southeast Asia
(Fooden, 198R There has been no intensive field study anywheoutheast Asia,
or, barely studied in south Asia (Mitra, 2002, 20 little is known about such a
widespread monkey (Fooden, 1982; Eudey, 1991; Rb9&5).

Assamese macaque has conventionally been seehigisland species: Lekagul and
McNeely (1977), for example, called it “an uplandagcaque generally found in
forested areas above 500 m to as high as 3,50F-oeden’s (1982) comprehensive
review mostly recorded from 150-1,900 m, up tdbR,™ (extended to 3,100 m by

Fooden, 1986), and a single, disjunction, recavthfsea-level.

A survey in Bhutan found Assamese macaques dowsDfom (Kawamotcet al,
2006; Choudhury (2008) referred to observation as lema 100 m. but neither
detailed nor discussed the records. Specificallgdatheast Asia, records traced by
Fooden (1982, 1986) were almost solely in mid-aigh-elevation forest, with the

lower hill records coming from South Asia.

In contrast with the Arunachal macaque which igquaiin its altitudinal distribution,
observed largely between 2,000m-3,500m (Kawanebtal, 2006) altitudesvhereas
Fa (1984)recorded the distribution of the Barbary macaquékinvthe altitudinal
range of 600m-2,300m in Morocco and Algeria witk ffopulation density of 2-36
individuals/knf.

14



Consistent with Fooden's (1982) conclusions, Rugget Timmins (1997) wrote that
in the southern two-thirds of Lao PDR, "Assameseagae is found predominantly
in the evergreen forests of the Annamites mountdins continued "it appears to be
the most common species of macaque within arelsust.” Yet the relevant primary
survey reports contain little information on thiguit use in Lao PDR. This habitat
use is omitted from some recent compilations (fcaneple, Francis, 2008) and the
species was not even mentioned in a review of seash Asian Karst biota by
Clementset al (2006)

The Assamese macaque group seen in Nam Ha NPAheamty macaque sighting
firmly identifiable to species in 10 person-weeksith only two sightings of
unidentified macaques (Tizadd al, 1997); and there seem to have been to macaque
sightings at all in six person-weeks at Nam Xam NRA998 (Showieet al, 1998).

A roadside survey of pet macaques in several northgghland provinces in May
2006 located 11 in number, of which six were Asssammacaques (Hamaeéa al,
2007). Fooden (1982) concluded that Assamese meaaags ecologically parapatric
with, respectively, pig-tailed and Rhesus macaqgethe Hukaung valley of northern
Myanmar, along the Tarung HKa (a riveon 21 January 2006 a troop of about 20

Assamese macaques was seen on low bedrock exmosetht river's banks.

Two species of macaques have been reported fromlNRpesus macaqudlécaca
mulatta Zimmermann, 1780Q)and the Assamese macagldataca assamensisic
Clelland, 1840) among which the latter one is aaiegd as 'Vulnerable' in the 2007
IUCN Red List of Threatened Animals. The Assameaeaque flacaca assamengis
of Nepal is fully protected under NPWC Act 1973. sAsiese macaques are
distributed in Nepal, Sikkim, Bhutan, Assam, North&yanmar, Northern Thailand
and Yunnan, Southern China (Zhasteal, 1981)

There have been few studies to determine the minwrable population size
necessary for the conservation of not only Assanmegeaques but alddacacain
general (Wada, 20058iven its restricted extend of occurrences, ingrgathreats to
the individuals and habitat, and decreasing numineirmgmented patches, the Nepal

Assamese macaque population is categorized asrigedsl’ (Molutet al, 2003)
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Hanyaet al. (2003)stated that a “group” should be modified to refldet normal
group spread of the species and be defined a goalypby distance, and did not
distinguish situations when macaques belonging ifferdnt social units (troop)
stayed within 500m each other. Mehlman (1989) rtegpothat a semi- isolated study
population of 162 Barbary macaques (six groupsabiting the Ghomaran fir forests
of the Moroccan Rif mountains had a density of Gidviduals/knf. Group size
ranged from 12 to 59 individuals, with a medianueabf 24. Southwiclet al. (1964)
reported two troops of Assamese macaques in Dexgeahd estimated group size of
10-25 and the adult sex ratio 1:1.7. Fooden (1982)rded 11 Assamese macaques’
troops and observed troop size varying from 10Qarilividuals in Kanchanaburi,
Thialand.

According to Dunbar and Dunbar (1988) Model, greuge in primates is optimized
to maximizing net reproductive rate, in relationtihe availability-dispersion of food
and predation risk. As predation risk is concerrgrdup size is less important in
terms of detection than avoidance of predation @wn& Dunbar, 1988). If early
detection is the main anti-predatory strategy aMlataca sylvanuysthen group size

can be kept small to comfort food availability (V8ohaiket al, 1983).

Cooper and Berstein (2002) studied social groonmngssamese macaquklécaca
assamens)diving on the Tukeshwari temple ground in Assadnajia. Their study has
shown in accordance with social grooming, femake$oag term inhabitance of this
matrifocal group, groomed each other. In additimales groomed female more often
and for longer duration than female groomed makes, both male and female
groomed juvenile more often than juveniles groortieein. Juveniles groomed their
elders for longer duration. Grooming was concludsda function to establish and
maintain affinitive social bond rather than as acsfic mechanism to lure partners for

mating.

Cooperet al. (2005) studied the reconciliation and relatiopstuality of Assamese
macaque’s group living near the Tukeshwari temparnGolpara, Assam, India.
Their study stated that animal reconcile are likelyhave strong social bonds. In
which females reconciled more often with femalehwithich they had stronger

grooming and aiding relationship. It was significéor support against aggressors for
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the victims. This was not found in males. Theirdstprovides evidence that females
reconcile most often with valuable and compatiloleia partners.

Kawamotoet al. (2006) studied the distribution of Assamese maeadn the inner
Himalayan region of Bhutan and their mtDNA diveysiThey recorded no group of
Rhesus macaquellécaca mulattiin their survey, in contrast with the survey fesu
in the Nepalese Himalayas. They concluded thairtheaques of the inner Himalayan
regions in Bhutan are Assamese macaques which magy lnease distinct from
Assamese macaque in the Indo-Chinese region (sabiesgMacaca assamensis
assamens)s They also concluded that on the basis of degf@&DNA the Assamese
macaques in Bhutan are of a more ancient ancebfig Macaca assamensis

assamensis

Schulkeet al (2011) studied about the ecology of Assamese quacat Phu Khieo
Wildlife Sanctuary, Thailand. Unlike Zhaet al (2011) they recorded that Assamese
macaque spent large time feeding on fruits. Theylealed that Assamese macaque
spent about 40% of their activity time on the grd@amd in the lowest stratum of the
forest. The canopy was used rarely by focal trong they spent a third of their

activity time on feeding.

Zhou et al (2011) studied on diet of Assamese macaque iasliome seasonal rain
forests at Nonggang Nature Reserve, China. Thaydftlbat Assamese macaques are
highly folivorous, where young leaves were stapledfitems (74.1% of the diet) and

fruit accounted for only 17.4% of the diet.

Sarkaret al (2012) studied activities profile of free rangifagest group of Assamese
macaque in Jokai Reserve Forest, Assam, India. $Stagd that the studied groups
spend more than one third (40%) of their total ahrtime for foraging purpose,
followed by 25% on locomotion, 13% on resting, 1G8% grooming, 9% on
monitoring, 1% on playing and 2% in sexual and oth&ivities. The activities of
forest group have revealed that foraging was theiar factor responsible for the
variation in the activities profile. In forest, Hge food was randomly distributed, the
group arranged their total time cost effectivelyd apent more time on foraging,

locomotion and resting and less time in groomin@nitoring and play activities.
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They suggest from their finding that nature of mlsttion of food resources is the

guiding force for allocating time to various acties in various habitats.

Hessenet al. (2013) investigated the relationship between foesburces, feeding

competition, energy intake and reproduction in augrof wild female Assamese
macaques in northeastern Thailand. They found&hancrease in food availability

had a positive effect on female energy intake amaception rates. In addition, it

appeared that females incurred energetic costagliactation and that females with a
better physical condition during the mating seas@re more likely to conceive.

Neither energy intake rates nor activity budgetsawefluenced by female dominance
rank, even during periods when the levels of cardesipetition were predicted to be
high.

Animals choose to live in places where they wilvéaahe maximum chance of

survival or reproductive success. Distribution péaes in different habitats may not
follow directly from habitat preference or choigeter- and intraspecific competition

can exclude animals from preferred habitats andefahem to less suitable areas
(Partridge, 1978).

Assamese monkey is a diurnal crop raider. ThohghGQuarding/Chasing is the most
effective method of deterrence in which mainly Wih@men and children engage,; it is
time expensive and keeps people away from othéviteet (Southwick & Siddiqi,
1977; Bell, 1984; Southwick & Lindburg, 1986; KiggLee, 1987; Pirtaet al, 1997;
Sekhar, 1998; Knight, 1999; Hill, 2004). It espdgiaconsumes the time for
educational activities of children in such remoteaa which further move the poor

people backwards through long lasting impacts.

Conflicts between human and non-human primateshagker in the developing
countries of the world than those of the develomedintries due to greater
biodiversity and lack of prevention measures (Seliai & Pillay, 2016). Further,
the behavioral adaptability of the macaques fatés invading human settlement, and
due to which conflicts take place. The conflictvibe¢n non-human primates and
people results the negative impact on the resowndshabitats of both human and
non-human primates (Hiéit al, 2002, Hockings & Humle, 2009; Khatehal, 2013;
Ahsan & Uddin, 2014).
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Human-primates’ conflicts occur when the primatetd rthe crops in the local
farmers’ crop fields (Hill, 1998). Raiding crops Ipyimates is a major issue for
human-primates’ conflict (Hill, 1998; Ahsan & Uddia014).

Human-primates’ conflicts are increasing day by bdaegause of conversion of natural
forest lands to agricultural lands and human se#lgs. As a result, primates invade
the human settlements for food and damage the .c®psie species of primates
especially baboons damage unpalatable crops wihéghdo not like to eat but destroy
them for their own entertainment and joyful (Hill\&ebber, 2010).
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CHAPTER 3

3. MATERIALSAND METHODS
3.1 Materials

To obtain the data in the field, different equiptseand materials were needed. They
were used properly and carefully.

In the field, following equipments and materialsrevased:
(a) Binocular — Nikon Travelite EX 8x25 &.3Vaterproof 157250 BP

(b) Digital camera — Canon 4x Optical Zoom 6.2-24.8mA.7t5.6 Mega Pixels
12.1

(c) Timer — Romanson Swiss Quartz NM:2827M
(d) GPS - GARMIN GPSmap 62s

(e) Range finder — Nikon Coolshot 6x21 7Waterproof WY 048822
() Data sheet

(g) Measuring tape

(h) Landsite compass

(i) Clip-board

() Weighing machine

(k) Topographic map of study area

() Stationery

(m) Computer

(n) Field bag

(o) Field geawith logistics
3.2 Study area

Nepal is a mountainous land locked country locétetveen China in the north and
India in the south. It is situated betweeri 28" north to 3027' north latitude and 80
40' east to 8812' east longitude. The total area of the couistry47,181 kr The
average length of the country from east to we885 km and the width varies from

145 to 241 km with a mean of 193 km north to sotfiis and high mountains cover
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about 86% of the total land area and the remaih#¥) are the flatlands of the Tarai
which is less than 300 m in elevation. Altitudeigarfrom some 60 m above sea level

in the Tarai to Mount Everest (Sagarmatha) at 8184ghe highest point in the world.

Biodiversity of Nepal is a reflection of its uniqgeographic position, altitudinal and
climatic variations. Nepal’'s location in the cehtpartion of the Himalayas places it
in the transitional zone between the eastern argtewe Himalayas. It incorporates
the Palaearctic and the Indo-Malayan biogeographégaons and the major floristic
provinces of Asia (the Sino-Japanese, Indian, westiad central Asiatic, southeast

Asiatic and African Indian desert), creating a w@a@nd rich terrestrial biodiversity.

The mid-hill region covers major portion of NepHlaccounts for 43% of the total
land area of the country. This region is considehedoriginal heartland of Nepal. It
is centrally located extending from the southeopset of the main Himalayan ranges
to the Mahabharat ranges, with a varying width @fté 110 km running across the
length of the country. The location of the regisniith an altitudinal range between
400 m to 3000 m. The mid-hill zone is generally maof rugged mountain
topography, so the altitude can vary considerabthimv a short horizontal distance.
Thus, the mid-hills include deep river valleys. Tdlienate and vegetation show great
variation over a very short distance and give ftigegreat ecological diversity
(Shrestha, 1988).

The Gandaki river system is named as Sapta Garidaklepal after the seven
tributaries- the Kaligandaki, Budhigandaki, Marsgdn Trishuli, Seti, Madi and
Daraundi rivers. Kaligandaki is the longest and tiaiest river among Sapta
Gandaki, named after the goddess Kali. Budhigandaker is smaller than
Kaligandaki river. Both the rivers are valuable different purposes like hydropower,
scenic beauty, etc. (Source: Kaligandaki Integr&tedelopment Centre 2010). Along
the altitudinal and latitudinal differences there avidences of species variation and
also the formation of subspecies in Nepal. Along ftiver basins, though the
Assamese monkeys are dwellers of mid-hills and &aip areas, they are recorded
even in lower elevation and subtropical forest tgpesystem. However they are not

recorded in subtropical forests of outer Tarairp(@halise 2013, 2013a).
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Figure 1. Map of Nepal indicating the study area (Kaligaridakd Budhigandaki River basins).
Photos in the inset indicate: a- an adult femalsafteese macaque from Kaligandaki focal Assamese
Syangja troop; and, b- the Budhigandaki focal AsssarSiurenitar troop resting on their resting site

3.2.1 Theresearch sitesin Nepal

Two research sites namely Kaligandaki river basih Budhigandaki river basin were

selected for the behavioral study of Assamese manée these two sites are located
in different topography of the country, separatgdrmuntainous and physiographic

barriers with two different river systems. These tstudy sites were choosen in order
to explore whether physical barriers might impacpopulation, behavioral change or
not in the same species.

3.21.1 Kaligandaki river basin

The study was carried out in KRB (Ramdi to Ranin@oaering about 80 kf) area

of Palpa and Syangja districts (Fig. 1, 2). Thieaars situated in western part of
Nepal. However, according to the constitution opBle2015, Palpa district is situated
in Province No. 5 and Syangja district in Provit® 4. The study area located at the
mid-point of Siddhartha (Sunauli-Pokhara) Highwigg labout 27 km east of Tansen.
The coordinates of the study area aré 2& 9.34" to 27 92' 67" north latitude and
83° 38' 3.00" to 8352' 78" east longitude. The area covers theuditial range from
420 m to 656 m asl. The area occupies rich biodityerMixed forest especially
tropical deciduous riverine forest, sub-tropicadggiand and sub-tropical evergreen
forest occur in this area (Chalise, 2013).
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Figure 2: Kaligandaki river basin at Ramdi of Palpa and $jawlistricts

3.2.1.2 Budhigandaki river basin

The study was carried out in BRB (Benighat to Artgtovering about 192 Kinarea

of Dhading and Gorkha districts (Figs. 1, 3). Itsituated in central part of Nepal.
However, according to the constitution of Nepal 20Dhading district is situated in
Province No. 3 and Gorkha district in Province MoThe study area is located about
2 km north of Benighat bazaar of Prithvi Highwaydah lies about 85 km west of
Kathmandu. It is the confluence of Budhigandaki @nghuli rivers. The coordinates
of the study area are 248' 54.48" to 2804' 68" north latitude and 846" 33.63" to
84° 81' 25" east longitude. The area covers the ditil range from 342 m to 582 m
asl. This is biodiversity rich area occupying théxed forest especially tropical

deciduous riverine forest, sub-tropical grasslamdl @/ergreen forest (Chalise, 2013).
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Figure 3: Budhigandaki river basin at Benighat of Gorkha Bxiding districts
3.2.2 Climate

Both the study areas (Ramdi of Kaligandaki and 8eai of Budhigandaki) lie in
between tropical to temperate climatic zone of Neplae study areas have both north
and south facing topography.

3.22.1 Temperature

The summer months are hottest and the winter marthsvarm during the day while
heart chilling cold in early morning and at nighhe pleasant months are October and
March when the temperature is neither so hot nocad. Temperature reached
maximum 32.7C in June and minimum°€ in December in Ramdi area, Syangja
(Table 1) while it reached maximum 33C4in June and minimum 86 in December

in Benighat area, Gorkha (Table 2) during the stuetyod.

Table 1: Table showing the maximum and minimum temperafiaréC) in Syangja

Month Maximum Minimum
January 14.0 8.6
February 19.8 11.1
March 26.6 13.5
April 28.1 14.8
May 32.6 18.1
June 32.7 20.6
July 32.3 22.3
August 31.3 22.2
September 32.3 21.9
October 28.5 17.4
November 24.8 13.7
December 20.0 8.0

Source: Department of Hydrology and Meteorologythit@andu, Nepal 2015
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Table 2: Table showing the maximum and minimum temperafiaréC) in Gorkha

Month Maximum Minimum
January 20.2 8.7
February 23.4 111
March 27.2 14.3
April 29.0 16.9
May 33.1 20.6
June 334 225
July 32.0 23.4
August 31.7 23.4
September 32.0 22.7
October 29.6 18.0
November 25.8 13.7
December 20.4 8.6

Source: Department of Hydrology and Meteorologythiteandu, Nepal 2015
3.2.2.2 Reative humidity

The rainy season is normally hot and humid. Theevinights due to the presence of
dew are also humid but during the day it is dridre summer months of April and
May are dry and hot. The maximum relative humidégorded was 96.7% at morning
in December and minimum was 72.8% at evening inllAprRamdi area, Syangja
(Table 3) while it reached maximum 97.5% at mornimgecember and minimum

61.1% at evening in March in Benighat area, GorKhable 4) during the study
period.

Table 3: Table showing the relative humidity (in %) at mioiq (8:45) and at evening (17:45) in
Syangja

Month At morning (8:45) At evening (17:45)
January 94.7 92.6
February 96.0 96.2

March 84.8 77.6

April 82.1 72.8

May 80.6 77.8
June 82.2 75.3
July 86.1 82.2
August 88.9 84.0
September 85.7 84.6
October 91.5 85.5
November 94.1 86.0
December 96.7 88.5

Source: Department of Hydrology and Meteorologythit@andu, Nepal 2015
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Table 4: Table showing the relative humidity (in %) at mio (8:45) and at evening (17:45) in
Gorkha

Month At morning (8:45) At evening (17:45)
January 97.0 75.8
February 92.6 67.1
March 85.7 61.1
April 84.9 63.0
May 77.0 61.2
June 84.6 69.4
July 89.2 77.9
August 92.2 79.1
September 91.6 76.5
October 92.8 77.9
November 96.0 77.4
December 97.5 76.8

Source: Department of Hydrology and Meteorologythit@andu, Nepal 2015

3.2.2.3 Precipitation

Since the rain bearing winds reach Nepal from thet,éhe heavy rain occurs in the
summer season. The monsoon starts in the last gfavid remains till September.
About 80% of the total rainfall occurs from JuneSteptember and 20% of that occurs
in the rest of the year. Rain in Nepal is due ®rfonsoon wind arising from the Bay
of Bengal. The winter monsoon from the Arabian oceaters from the west part of
Nepal and relatively low amounts of scattered sheveecur in this area. However,
the wind situation of monsoon always changes, soldbal weather data may vary
each year. The precipitation data of Ramdi arean§a shows that the main rainy
days were in the months of July and August whilat thf Benighat area, Gorkha
shows that the main rainy days were in the montuofe. Maximum rainfall was
recorded 727.6 mm in the month of July and minimwas 23.4mm in January, and
there were no rainfall in the months of Novembed &ecember in Ramdi area,
Syangja (Table 5) while the maximum rainfall wasoreled 301.9mm in the month of
June and minimum was 21.3mm in October. There werginfall in the months of

November and December in Benighat area, Gorkha€Tab
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Table5: Table showing the monthly rainfall (in mm) in Syggen

Month Rainfall
January 23.4
February 26.0
March *DNA
April 119.5
May 325.3
June 422.8
July 727.6
August 691.3
September 284.1
October 94.7
November 0.0
December 0.0

Source: Department of Hydrology and Meteorologythiteandu, Nepal 2015
*DNA = data not available

Table 6: Table showing the monthly rainfall (in mm) in Ghek

Month Rainfall
January 57.7
February 23.5
March 83.7
April 57.0
May 76.6
June 301.9
July 241.4
August 240.8
September 46.6
October 21.3
November 0.0
December 0.0

Source: Department of Hydrology and Meteorologythit@andu, Nepal 2015

3.2.3 Floraand faunain the study area

3.2.3.1 Flora

Both Kaligandaki and Budhigandaki river basin féseare rich in plant diversity.
Mixed type of forest is found in the study areaofical deciduous riverine forest,
sub-tropical grassland and sub-tropical evergregast are the forest types in the
study area (Chalise, 2013b). From the collectioplaht herbarium and identification

from National Herbarium and Plant Lab. Godaware tiollowing plant species
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known and found in and around the home range ohiese macaques are listed
according to Bentham and Hooker System (1882-8%)assification (Appendix V).
The dominant plant species of Kaligandaki river imagorest are Trichilia
connaroides Schima wallichii Woodfordia fruiticosaAegle marmelgsHolarrhena
pubescensand Ficus hispidawhereas the dominant plant species of Budhigandaki
river basin forest ar&horea robustaAdina cardifolia Lagerstroemia parviflora
Spondias pinnataTerminalia alata Phyllanthus emblicaand Mallotus philippensis
(Field visit, 2015-2016).

3.2.3.2 Fauna

The fauna of Kaligandaki river basin and Budhig&ndaer basin can be divided
into two major types, namely wild animals and dotigceanimals. The forest of the
study area shows the impact not only by human Isdog also due to the presence of
domestic animals. The herbivore animals are dicechpetitors of the Assamese

monkeys for food and carnivore animals are thegiced.

(@) Wild animals: The forest of both the study areasbbiar a variety of wild
animals. Different species of mammals have beearded in and around the
study area. The most abundant species among theuigel Callosciurus
pygerythru3, a herbivore. Three species of monkeys, namelgsBh monkey
(Macaca mulatthq Assamese monkeyM@acaca assamengisand common
Langur Semnopithecus entelludrave been recorded. The other common
species of wild animals are rufous-tailed hatepys nigricollig, yellow-
throated martenMartes flavigula and forest ratBandicotabengalensis They
are some of the herbivore competitors of Assamesekays. The carnivores
include the common mongooséidrpestesedwardsi), leopard Panthera
pardug, jackal Canis aureuy jungle cat Felis chauy, porcupine Idystrix
indica), wild dog Cuon alpinuy and fox Yulpes benghalengis The big
carnivores like tigerKanthera tigris tigri$, sloth bear Nlelursus ursinusare

not found in the study area.

(b) Domestic animals: The domestic animals include coex®s, buffaloes and
goats. These animals are fully dependent for gfedder on the forest area
around the village. The local farmers are of lowremmic status, so they only
feed forest products to these animals. Besides ttey also exploit the forest
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(€)

(d)

(e)

(f)

(¢))

for other domestic uses such as collection of fresy timber, etc. There are
some tamed dogs in Ramdi village and Benighat avbach accompany with
villagers while going to the forest. These dogs simes chase and even Kill

the Assamese monkeys.

Birds: The bird species found inside both the stadgga are kalij pheasant
(Lophura leucomelany eagle $Spilornis cheelp great-horned owl Bubo
bubg, jungle crow Corvus macrorhynchiyisheron Ardeolaralloides), black
kite (Milvus migran$, long-billed vulture Gyps indicuy ring-necked parakeet
(Psittacula kramedi, cuckoo Cuculuscanorug, common koel Eudynamys
scolopacep woodpeckerRicusviridis), barn swallow lirundo rustica), house
crow (Corvus splendenscommon mynaAcridotheres tristiy house sparrow
(Passer domesticlusjungle nightjar Carprimulgus indicus common tailor
bird (Orthotomus sutorigysand jungle fowl Gallus gallu3. Some migratory

birds also appear in the forest from time to time.

Reptiles: The reptilian species found in the forelsboth the study area are
garden lizard Calotes versicolgr wall lizard Hemidactylus flaviviridig
monitor lizard Yaranus varius), salamander Salamandra salamandyaand
snakes like nagNaja najg, green viper Trimeresurus stejnegéripit viper
(Crotalus horridu$, etc.

Amphibians: There are some amphibians in the for€ee most common
amphibians found in both the study areas are cominogn(Rana tigring, tree

frog (Hyla arboreg and toad Bufo melanostictys

Arthropods: There are some arthropods in the forése most common
arthropods found in both the study area are cetip@&colopendrasp.),
millipede Qulus sp.), spider Aranea sp.), butterfly Pieris sp.), dragonfly,
wasps, grasshoppers, ants, termites, ticks antebeet

Annelids: There are some annelids in the forese ifost common annelids
found in both the study area are earthwofhgretima posthun)aand three
types of blood-sucking ectoparasitic leeches calBdidinaria granulosa
Hirudo medicinalisandHaemopis sanguisugavhich are adundant in the rainy

season.

(Source: District Forest Office of Syangja and Gark
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3.3 Methods
3.3.1 Datacollection
3.3.1.1 Préiminary field survey

A preliminary field survey was carried out with easch supervisor from**WJanuary,
2015 to 18 January, 2015. Study area was visited on foot. Jinwey process
included mainly field observation and discussiorihwibcal villagers of KRB and
BRB. Information about location and species wet@g@d by interacting with expert
and local people. Primary data were collected udirgct observation and secondary
data were collected from published and unpublistiestature. Animals were
observed using binoculars and behavioral dataaale methods were practiced with
experts.

3.3.1.2 Block design

The study areas were divided into five blocks; faoKRB and three for BRB. Block
A and Block B were designed for KRB in which Blo8k(N 27° 54' 29", E 83 37"
90") covered the Darlamdanda and Khanichhap VD@slid in Palpa district (west
of Kaligandaki river) at an altitude 456 m asl. &td (N 27 54' 12", E 83 38' 20")
covered the Malunga Tunibot VDC which lies in Syjangjstrict (east of Kaligandaki
river) at an altitude 420 m asl. Block C, Block D and Bl&were designed for BRB
in which Block C (N 27 50" 41", E 84 46' 42") covered the Salang VDC that lies in
Dhading district (east of Budhigandaki rivat)an altitude 461 m asl, and Block D (N
27° 50' 79", E 84 45' 66") and Block E (N 2749' 25", E 84 46' 52") covered the
Ghyalchok VDC which lies in Gorkha district (west Budhigandaki river)with
altitudes 582 m and 342 m asl respectively. Eadtkblarea for KRB and BRB
covered about 10 km Blocks were designed according to habitat charaahd
distribution pattern of the Assamese monkeys. Téld fwork was carried out from
February 2015 to January 2016 covering 1804 hadnthly schedule for data
collection in the field was made 9 to 10 days penth for each research site.

3.3.1.3 Population status

3.3.1.3.1 Population survey

The population surveys of Assamese monkeys wemgedaout following the line-
transect survey method from all the possible tiailKkRB and BRB. The trails were
performed walking slowly 0.5 km/hr covering 6 kmydén every 100 m walking trail
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complete, observer stopped to walk and searchearéaefor %2 hour by applying both
visual and auditory cues simultaneously as destiibdltmann (1974) and practiced
by Chalise (2003). When the macaques were encaahténe following data were

recorded: detection time, duration of observatitoality and its coordinates,

activities and age-sex composition of group. Agd sex were categorized properly
with the help of binocular. Counting was repeatedesal times in an observation
session to minimize the bias in distinguishing age sex of the groups.

3.3.1.3.2 Population density

Population density of Assamese monkeys was catmilas the total number of
individuals per unit area. The formula to obtaie fropulation density of Assamese
monkeys is:

Total numberof individual s in anarea(N)

Population Density (D) =
P y (D) Total area(A)

_Total numberof troops

Group Density (G.D.)
Total are:

Similarly, sex ratio was taken as the number ofemial 100 females.
3.3.1.3.3 Troop composition and age-sex ratio

Troop composition was determined by the direct tognthe individuals in each

group and age-sex ratios were distinguished by tbaoration, body proportion,

height and body size (Roonwal & Mohnot, 1977). Asssy age require study of the
age classes used by previous researchers and sactieg(Ross & Reeve, 2003), the
study followed to distinguish the age and sex efrtmcaques and practiced with the
supervisor in the field. Group size and individuadre counted and, if groups were
stable, then recorded estimation should lead teeasingly accurate counts. However,
these records may be inaccurate if some classewé&ehore conspicuously or avoid
humans (e.g. mothers with infants) or because tbepgis widely dispersed and not
all animals can be located (Ross & Reeve, 2003)awslas were surveyed starting at
06:00 a.m. and finishing at 18:00 p.m. Followingsa#tions were used to

distinguish individual Assamese monkeys among sd&nss & Reeve, 2003).

(@) Adults: Adults are those who attained maximum heighd body maturity.
Their facial skin is dark brownish to purplish. Thead has a dark fringe of hair
on the cheeks directed backwards to the ears. Adlalies are distinguished by
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descended scrotal sacs and penis, large skull smdiment sitting pads while
adult females by protruded nipple and sexual saglin estrus period.

(b) Young and sub-adults: Young and sub-adults areethd® attained the height
of adulthood, however, not matured enough in bathe$s and reproductive
activities. They are grown up and independent, autrhanging scrotal sac in
male and no protruded nipple in female.

(c) Juveniles: Juveniles are the individuals that eftenlipple contact (weaned) and
depend on natural foods. They play a lot betweerséime age groups. Male try

to stay far from mother while female follow her rtigs

(d) Infants: Infants are in the stage that still degend nipple feeding for their
main food. The very young infants are always cliggon breast while a little
grown up one are frequently clinging to their moshéor movement and

security and sometime ride on her back.
3.3.1.4 Distribution of Assamese monkeys

Five different blocks (Block A, Block B, Block C,l&k D and Block E) were
designed according to habitat character to deterrttie distribution pattern of the
Assamese monkeys in Kaligandaki and Budhigandaler rbasins. Block A (with
high human interference, the monkey habitat waquieatly fragmented by newly
constructed Kaligandaki corridor, dominated Wichilia connaroidesand Ficus
hispidaforest, and east facing rocky cliffs and rockyaoaps) and Block B (having
less human interference and habitat was dominatgdFibus hispida Ficus
sarmentosaand Premna barbataforest and this area was occupied by west facing
rocky cliffs and rocky outcrops) were designed KRB and Block C (with low
human interference and habitat was dominateddiya cardifoliaforest with west
facing rocky cliffs and rocky outcrops), Block Dafhing less human interference and
habitat was dominated Adina cardifoliaforest and this area was occupied by large
sized big rocks with east facing rocky cliffs amttky outcrops) and Block E (having
more human interference and habitat was dominaté&thbrea robustdorest and this
area was occupied by east facing rocky cliffs avaky outcrops) were designed for

BRB.
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Standard deviation (Std) to mean ratio also calledfficient of Variation (CV) ratio
in Statistics was performed. Higher value of thaiar indicates more variability or
less consistency. To further test if blocks ditégrdistribution, Pearson’s Chi-squared
test () and Fisher's exact test were run in STATA to fsignificant difference in

the distribution pattern of Assamese monkeys antbogks.
3.3.1.5 Habitat analysis

Quadrates of 20 mx 20 m sized were used to analyze the vegetatioterpaof
Assamese monkey habitat. Altogether 32 quadrates imel down randomly in the
possible habitat of Assamese monkeys of which lédrptes for KRB and 16
guadrates for BRB were carried out. The speciesrslity of trees was calculated. The
collected vegetation data were quantitatively aredy(Ross & Reeve, 2003).

To understand the characteristics and the prodtctnf the habitat, different

parameters such as density, relative density, &ecy relative frequency and
dominance of tree plants were determined (Zebeal, 1987). The local names of the
plants were identified with the help of experiendedal persons. Herbaria were
prepared for unidentified plants in the field anerevidentified at National Herbarium

Center, Godawari, Lalitpur.

Densitv of a species = Totalnumbeof individuaof aspecies
Y P Totalnumbeof quadratesAreaof aquadrat

_ _ _ Densityf aspecies
Relative Density of a species = : — %100
Totaldensityf allspecies

Frequency of a species is the percentage of qudiratvhich the particular species is
observed. It gives an index on the spatial distitouof a species and is a measure of

relative abundance (Krebs, 1978).

Numbeof quadrat@ whichof aspecieeccursx

i f b 10¢
requency of a species Totalnumbeof quadrates

Frequenaaluef species
Relative Frequency of a species= qUEnTA P — x100
Totafrequencyaluef allspecies
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3.3.1.6 Observation methods

Assamese monkeys were observed daily from 06:00 &©nil8:00 p.m. during
summer months and from 07:00 a.m. to 17:00 p.minduwinter months. Daily
observation was scheduled into 4 shifts: early mmgr®6:00 to 08:30, late morning
09:00 to 11:30, afternoon 12:30 to 15:00 and eged#r30 to 18:00 during summer
months. For winter months it was early morning 074®08:30, late morning 09:00 to
11:30, afternoon 12:30 to 15:00 and evening 15@8017:00. Daily 10 hours
observation during summer months and daily 08 haloservation during winter
months were performed with the help of field hedpebDirect ocular observation
method was carried out for cataloguing the behavidee ocular observation was

employed with binocular and camera.
3.3.1.6.1 Sampling method

Assamese group size of 18 individuals of Syangpmprof KRB and that of 14

individuals of Siurenitar troop of BRB were selettior the behavioral sampling
record of the monkeys as these two troops were masgual than the other troops in
the field. Field work was performed from FebruafBi2 to January 2016. Total time
spent on research work was 1804 hours. Howevemtiikey contact time was 1407
hours. Out of the 1804 hours, 911 hours was spekRB and 893 hours was spent in
BRB. Out of 1407 hours of monkey contact time, #durs was spent for the
behavioral data collection in KRB and 691 hours wpsnt for the behavioral data
collection in BRB. Monthly schedule for data cotlea in the field was made 9 to 10

days per month for each research site.
3.3.1.6.1.a Scan sampling

Scan sampling method is the process of data cwliect which behavioral protocols
will be taken each day for each animal or groupimals (Altmann, 1974). The
behavioral data were collected by this method irctvthe behaviors of monkey were
recorded in every 10 minutes time interval (Altmahf@74; Martin & Batson, 1993;
Chalise, 1997) with the help of timer and aidedbyocular. Each observation period
consisted of sixty minutes. Systematic scan samphas done in every 10 minutes
during observation period and a continuous recoad wept in the protocol paper.
Total of 4296 scan samples were recorded fromdhal fSyangja troop of KRB and
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total of 4146 scan samples were recorded fromdbal fSiurenitar troop of BRB, so
the grand total of 8442 scan samples were recofed two study troops of two
different river basins. Following behaviors of Asssse monkeys were observed
(Appendix 1) in the study area.

(a) Foraging/Feeding: In this behavioral activity, tin@nkey searches for food or
eating any substance, geophagy, licking stoneiokidg water. Engulfing any

food while walking whether chewing or not is coresiell as feeding/foraging.

(b) Moving: In this activity, the monkey moves from opkce to another place

with legs and arms or by legs only.

(c) Resting: This is a state of behavior in which thenkey rests on to a supporting
surface. It may be monkey sitting any surface, dyor sleeping with eyes

closed.

(d) Grooming: This is a behavioral phenomenon wherekaps search their own
fur/hair or fur/hair of others for any lice or bugsdirts or for any compromise.

3.3.1.6.1.b Focal animal sampling

Focal animal sampling is needed in order to collexinkey’'s behavioral data
continuously for certain time period that help sietmine the accuracy of behavior of
single individual monkey. Scan sampling was followay focal animal sampling.
Focal animal protocols are the core of the datéectwbn. Focal animal sampling
means that one individual is observed for a speaifnount of time (in this case 60
minutes). The behavioral data were obtained by rtie¢hod (Altmann, 1974). One
focal individual was observed continuously for 6ihates in one session. During this
time, all the behavioral activities of the focairaal were recorded in data sheet and
all the behaviors directed towards this focal atiloya troop members were also
obtained. The selection of individual was randomalllen among the adult monkeys
prior to the observation. If the focal animal undsyservation was partially or
completely out of sight, then the behavioral reaayf that individual was stopped

until this individual was again visible (Altmanm924; Martin & Batson, 1993).

This method (Appendix II) was followed but if thechl animal did not reappear

within the respective block-hour period a new pecotoon a different animal was
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started. In such cases, the already taken protdgads least 30% were completed)

were finished after two days.

3.3.1.6.2 ldentification of focal animals

To obtain the behavioral pattern of free rangingaksese monkeys, three adult males
(M1, M2, M3) and five adult females {FF, Fs, Fs, Fs) were taken as focal animals of
Syangja troop in KRB (Table 8) and two adult mgMs, M,) and four adult females
(F1, R, Fs, F1) were taken as focal animals of Siurenitar troo@dBRB (Table 9).
Syangja troop was considered as the focal trodkssimese monkeys in Kaligandaki
river basin and Siurenitar troop was consideredhas focal troop of Assamese
monkeys in Budhigandaki river basin as they wereemabitual than the other

troops.

Focal troop members were identified by their motpbal characters like facial

features, color of skin, cut marks, color of fudasther specific activities as well as
walking style. The adult females were bearing dalasex-skin mark which helped a
lot to identify the females in early days of stutty.adult males no colorful sex-skin
was noticed so other characters as tail carriaggy Bize and structure, fur color and
activity patterns were on accounted to identifyntheLater it was possible to

recognize them by facial structure and activitytgrat also. Some of the identifying

characters of focal animals of focal troop weréodisws:

Table 7: Table showing the abbreviation and charactersa@ilfanimals of Syangja troop

Abbreviation for focal animals I dentifying characters

My Male with heavy body

M, Male with protruded forward face
M3 Male with fractured left hind limb

F1 Female with heavy body

F, Female with red color on the face
Fs Female with colorful sex-skin

Fs Female with small infant

Fs Female with larger nipple
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Table 8: Table showing the abbreviation and charactersadlfanimals of Siurenitar troop

Abbreviation for focal animals Identifying characters

My Male with protruded forward face
M, Male with white spot on the back
Fr Female with colorful sex-skin

F, Female with small infant

Fs Female with red color on the face
Fs Female with cut right nose

3.3.1.6.3 Feeding behavior

Data on feeding behavior of Assamese monkeys wahected by direct observation
in the field area of KRB and BRB. Feeding itemgdiag time and quantity of food
of Assamese monkeys from different habitat weréectdd by direct observation in
the field following the methods as in Chaleseal (2013). The food plant parts such
as young leaf, mature leaf, fruit, flower, seeduryg shoot, bark, and others, which
were eaten by the Assamese monkeys, were notedtanstieet (Appendix Ill). The
food plant species and their parts were listedydag a food list of Assamese
monkeys. The feeding time was calculated and egpdem terms of percentages. The
total time spent for feeding by the monkeys wassm®red 100% to calculate the

time on different food items. The calculation wadalows:

. . . Total ti t ticular food
% time spent on particular food item—=————r— 27 2P 09C % 100

Total time spent on feeding

For the similarity in food preference by two studyops, Sorensen’s Similarity Index
(S was performed as follows:

2a
2a+b+c

S.=
Where:
S : Sorensen’s Similarity Coefficient
a : Number of food plants in both communities (j@acurrences)

b : Number of food plants in Kaligandaki but noBadhigandaki

¢ : Number of food plants in Budhigandaki but nmoKialigandaki
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For the observation of Assamese monkeys feedingui@t the following definitions

were applied:

- Eating or feeding: It means chewing any item. afsssse monkeys chewing
were considered as eating, regardless whetherethgylf the item through their
oesophagus or not, occasionally they chew and tkinevehewed object, which
was also counted as eating.

- Licking: It means licking any item (e.g. stoneking, honey licking) by tongue.

Assamese monkeys were taking their food in diffepasitions, either sitting, lying
(supported by the legs), during movements, whilenitng, clinging, hanging, and
standing. In most of the cases, they were feedihgevsitting or lying; few cases
were observed for other positions.

For each food item eaten by monkeys, at least i8®g fresh material of exactly the
same condition that was eaten by the monkeys walected, distinguishing species,
part, size, color, maturity, rejected parts anderth The samples collected were
airtight in plastic bags and kept in the shadevoidadirect sunlight and reactions.
The samples collected were carried to the fieldmstand the fresh weight was taken.
Thereafter they were submitted to the laboratory Lavestock Department,
Khumaltar, Lalitpur. In the laboratory electric oewere used to dry the fresh
material. The dry weight obtained for each item ween calculated for dry matter
percentage. The following equation was utilizeddalculation:

Dry weight «
Fresh weilgt

Dry matter percentage (DM %) 100

Intake in gram of one component was calculatedhendry matter basis. Therefore,
the intake in gram, percentage dry matters and ep&ge component were
multiplied. This was done for each food item focleanonkey and for each month or
statistical day. Afterwards food items were addedirid out total intake in gram of
one component per monkey per month; similarly itswealculated for other
component too. Only intake in gram percentage ofl fitems on the dry matter basis
was calculated and could not carry out chemicalyaisa of food due to several

limiting factors.

3.3.1.7 Crop raiding

Crop raiding data were collected from local housgvdlagers of KRB and BRB as
per the pre-set questions format. Stratified randampling method was performed to
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select respondent for the questionnaire surveyholigh crop loss was made by
several wild animals like wild boars, porcupineguisrels, rats, birds, etc., but the
major loss according to the villagers was by thesaksese monkeys. So the
guestionnaire survey (Appendix V) was applied @icalate loss of crop by the

Assamese monkeys. More than 200 respondents for stady area were randomly

selected as sample size. The questions format esigreed to obtain the people’s
perceptions towards monkeys and crop raiding aspsecth as types of crop damaged,
frequency, time of day, annual crop loss amount@esienting measures. In order to
minimize biasness, questionnaires were asked tal ldagers regarding on the

expected production of crops with and without magdi The crop raiding data were
calculated in quintals (a unit of weight equal @9 kilograms) and percentages.

3.3.1.8 Statistical analysis

Besides adding and multiplication of data mentioakdve, and average calculations,
the processing and analysis of data were basediymainthe following statistical
procedures:

(@) All the data were entered in the Microsoft Bxaed then analysis was carried
out primarily with descriptive statistics using th@ogram Statistica for
Windows release 7.0.

(b) Pearson’s Chi-squared tegf)(and Fisher's exact test were run in STATA to
find significant difference in the distribution pen of Assamese monkeys
among blocks.

(c) Variance (§ and Coefficient of Variation (CV) ratio also el Standard
deviation (Std) to mean ratio were used for montdigtribution of food
categories in time spent feeding as well as fotakmby Assamese monkeys.

(d) Paired t-test was performed to find significdifference between Kaligandaki
focal Assamese Syangja troop (KFAST) and Budhigkinftacal Assamese
Siurenitar troop (BFAST) in monthly time spent fewd as well as per
individual food intake.

(e) Kruskal-Wallis H test was performed to find réfgcant difference between
equal sample medians of food plant parts eatendsamiese monkeys.

(  Sorensen’s Similarity Index {Bwas performed for the calculation of similarity
in food preference between the two study troops.
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CHAPTER 4

4, RESULTSAND DISCUSSION
4.1 Results
4.1.1 Population status

4.1.1.1 Total population

A total of 42 individuals of Assamese monkejéataca assamengisvere recorded
in two troops in the study area along the KRB inchihPalpa troop consisted of 24
individuals and Syangja troop consisted of 18 imtlials. In the BRB, a total of 43
individuals of Assamese monkeys were recordedrigetiroops in which Rigdikhola
troop towards Dhading district consisted of 16 wndlials and Rockybhir troop and
Siurenitar troop towards Gorkha district consistefl 13 individuals and 14
individuals respectively. The minimum number wasRockybhir troop of BRB

whereas the maximum number was in Palpa troop @& KRable 9).

Table 9: Population of Assamese monkeys in different blaxfk€RB and BRB at 2015-2016

Block  Co-ordinates Name of troop Altitude (m) No. of troop Troop size

A N 27°54'29" Palpa troop 456 1 24
E 8337'90"

B N 27°54'12" Syangja troop 420 1 18
E 8338'20"

C N 2750'41" Rigdikhola troop 461 1 16
E 8446'42"

D N 27°50'79" Rockybhir troop 582 1 13
E 8445'66"

E N 27°49'25" Siurenitar troop 342 1 14
E 8446'52"

Total 5 85

4.1.1.2 Population density

Assamese monkey total population counted alondKRB was 42 individuals which
were existing in two different troops and totaldstiarea was 80 kintherefore the
crude density was calculated to be 0.52 individkai& However, the groups found
were two so the group density of the Assamese mopkgulation of KRB was
calculated to be 0.025 groups/kniThe mean group size was found to be 21

individuals.
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In BRB, the total population of Assamese monkeys wWa individuals with three
different troops and total study area was 193, lew the crude density was calculated
to be 0.22 individuals/kfn However, the groups found were three so the group
density of the Assamese monkey population of BRB walculated to be 0.015

groups/kni. The mean group size was found to be 14.33 indalid
4.1.1.3 Troop composition and age-sex ratio

The total population of Assamese monkeys (i.e.,iitlviduals) in the KRB was

composed of 2 troops namely Palpa troop and Sydraja. The Palpa troop (Block

A) was composed of 24 individuals in which 3 aduliles, 6 adult females, 2 sub
adult males, 1 young adult female, 3 juvenile magsivenile females, 3 infant males
and 4 infant females were found (Table 10). Thmashthe adult male female ratio as
1:2, sub adult males and young adult females vEnjile males and juvenile females
1.5:1 and infant males and infant females 1:1.33 Ppercentage of Palpa troop
composition was calculated as adult males 12.54t &gmales 25%, sub adult males
8.3%, young adult females 4.2%, juvenile males %4 joivenile females 8.3%, infant

males 12.5% and infant females 16.7%. The Syang@pt(Block B) was composed

of 18 individuals in which 3 adult males, 5 addtrfales, 2 sub adult males, 1 young
adult female, 1 juvenile male, 1 juvenile femalanfaint males and 2 infant females
were found (Table 10). This shows the ratio of tduhles and adult females was
1:1.66, sub adult males and young adult females jAvknile males and juvenile

females 1:1 and infant males and infant femalesll1.bhe percentage of Syangja
troop composition was calculated as adult maleg%g6.adult females 27.8%, sub
adult males 11.1%, young adult females 5.6%, jugemiales 5.5%, juvenile females

5.5%, infant males 16.7% and infant females 11.1%.

Out of 42 individuals of Assamese monkeys in KRi adult females occupied the
highest percentage 26.2% followed by adult male®8P4, infant males 14.28%,
infant females 14.28%, sub adult males 9.52%, jieenales 9.5%, juvenile females

7.14% and young adult females 4.8%.

In BRB, the total population of Assamese monkeys.,(i43 individuals) was
composed of 3 troops. The Rigdikhola troop (Block Was composed of 16
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individuals in which 3 adult males, 4 adult femaléssub adult male, 1 young adult
female, 2 juvenile males, 2 juvenile females, hmifmale and 2 infant females were
found (Table 11). This shows the adult male fenmat® as 1:1.33, sub adult males
and young adult females 1:1, juvenile males andnue females 1:1 and infant males
and infant females 1:2. The percentage of Rigd&khttbop composition was

calculated as adult males 18.75%, adult females, Zbfth adult males 6.25%, young
adult females 6.25%, juvenile males 12.5%, juvefa@imales 12.5%, infant males
6.25% and infant females 12.5%. The Rockybhir tr@lock D) was composed of

13 individuals in which 3 adult males, 4 adult fé@sa 1 sub adult male, 1 young
adult female, 2 juvenile males and 2 infant femalese recorded (Table 11). This
shows the ratio of adult males and adult females wa.33, sub adult males and
young adult females 1:1 and there were no juvdeiigales and infant males to take
the age-sex ratio with same categories. The peagentof Rockybhir troop

composition was calculated as adult males 23.1%lt &lmales 30.76%, sub adult
males 7.69%, young adult females 7.69%, juvenileem&5.38% and infant females
15.38%. The Siurenitar troop (Block E) was composed4 individuals in which 2

adult males, 4 adult females, 2 sub adult malegouhg adult females, 1 juvenile
male, 2 juvenile females and 1 infant male werentb(Table 11). This shows the
adult male female ratio as 1:2, sub adult malesyamuthg adult females 1:1, juvenile
males and juvenile females 1:2 and there were famtriemales to take the age-sex
ratio with same category. The percentage of Sitaeniroop composition was

calculated as adult males 14.29%, adult femaleS728, sub adult males 14.29%,
young adult females 14.29%, juvenile males 7.14%enile females 14.28% and

infant males 7.14%.

Out of 43 individuals of Assamese monkeys in BRt&, adult females also occupied
the highest percentage 27.91% followed by adultemal8.6%, juvenile males
11.63%, sub adult males 9.3%, young adult femal8%9juvenile females 9.3%,

infant females 9.3% and infant males 4.66%.
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Table 10: Troop composition and age-sex ratio of Assamesakmys (Macaca assamengis
population in KRB at 2015-2016

Age-sex Palpa troop Syangja troop Total number Per centage (%)
Adult male 3 3 6 14.28
Adult female 6 5 11 26.2
Sub adult male 2 2 4 9.52
Young adult female 1 1 2 4.8
Juvenile male 3 1 4 9.5
Juvenile female 2 1 3 7.14
Infant male 3 3 6 14.28
Infant female 4 2 6 14.28
Total 24 18 42 100

Table 11: Troop composition and age-sex ratio of Assamesakmygs (Macaca assamengis
population in BRB at 2015-2016

Age-sex Rigdikhola Rockybhir Siurenitar Total Per centage
troop troop troop number (%)
Adult male 3 3 2 8 18.6
Adult female 4 4 4 12 27.91
Sub adult male 1 1 2 4 9.3
Young adult female 1 1 2 4 9.3
Juvenile male 2 2 1 5 11.63
Juvenile female 2 - 2 4 9.3
Infant male 1 - 1 2 4.66
Infant female 2 2 - 4 9.3
Total 16 13 14 43 100

The age-sex structure of the Assamese monkeys stiawshe adult females were
higher in number as compared to the adult maldsoth KRB and BRB. However,

the sub adult males and juvenile males were moneumber than the young adult
females and juvenile females in KRB. In BRB thegnNe males and infant females
were more in number than the juvenile females anf@nt males. The infant males
and the infant females of KRB were equal in numbée sub adult males and young

adult females of BRB were equal in number.
4.1.2 Distribution of Assamese monkeys

In Block A (10 knf), one troop namely Palpa troop with 24 individuatse found in

which 3 adult males, 6 adult females, 2 sub adwdtes) 1 young adult female, 3
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juvenile males, 2 juvenile females, 3 infant maled 4 infant females were recorded
in Siddhababa Gupha forest of Darlamdanda Villagavdlopment Committee of
Palpa district, west of Kaligandaki river with higiuman interference and the
monkey habitat was frequently fragmented by newbnstructed Kaligandaki

corridor.

In Block B (10 knf), one troop namely Syangja troop with 18 individuaere found

in which 3 adult males, 5 adult females, 2 sub tachadles, 1 young adult female, 1
juvenile male, 1 juvenile female, 3 infant males &ninfant females were recorded in
Malunga Tunibot forest of Malunga Tunibot Villagee®lopment Committee of
Syangja district, east of Kaligandaki river haviegs human interference and habitat

with west facing rocky out crop.

In Block C (10 km), one troop namely Rigdikhola troop with 16 indivals were
found in which 3 adult males, 4 adult females, i adult male, 1 young adult female,
2 juvenile males, 2 juvenile females, 1 infant nmeahel 2 infant females were recorded
in Rigdikhola of Sigrepakha community forest of &a Village Development
Committee of Dhading district, east of Budhigandakier with low human

interference and moderate of food and water sources

In Block D (10 knf), one troop namely Rockybhir troop with 13 individs were
recorded in which 3 adult males, 4 adult femalesulh adult male, 1 young adult
female, 2 juvenile males and 2 infant females werend in Kalo Rockybhir of
Sandkhola of Benigam community forest of Ghyalchdgklage Development
Committee of Gorkha district, west of Budhigandakier having less human

interference and habitat with east facing rockyarap.

In Block E (10 kni), one troop namely Siurenitar troop with 14 indivéals were
found in which 2 adult males, 4 adult females, B sdlult males, 2 young adult
females, 1 juvenile male, 2 juvenile females anthfant male were recorded in
Siurenitar forest of Ghyalchok Village Developmé&dmmittee of Gorkha district,
west of Budhigandaki river having more human irge¥hce and habitat with east

facing rocky out crop.
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females

Age groups

EBlock A ®EBlock B Block C ®Block D ®Block E

Figure 4: Distribution pattern of Assamese monkeys in déferblocks of KRB and BRB at 2015-
2016

Table 12: Summary Statistics of distribution pattern of Aseammonkeys among five different study

blocks
Blocks N Mean Std. Dev. Std-to-mean ratio (CV)
A 8 3.00 1.51 50.40
B 8 2.25 1.39 61.72
C 8 2.00 1.07 53.45
D 8 1.63 141 86.64
E 8 1.75 1.16 66.57

Standard deviation (Std) to mean ratio also cdlledfficient of Variation (CV) ratio
in Statistics was performed. Higher value of thraiar indicates more variability or
less consistency. By distribution pattern, monkaestenging to Block D (CV = 86.64)
were found most variant and Block A (CV = 50.40ade variant (a variant of a
particular thing is something that has a differarin to that thing, although it is
related to it). This indicates that analysis foe thighly variant Blocks such as Block
D, Block E and Block B need high caution than teslvariant Blocks such as Block
A and Block C (Table 12).
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To further test if blocks differ by distribution,eBrson’s Chi-squared test (=
20.5511, p = 0.665) and Fisher’s exact test (p88D. were run in STATA that show

there is no significant difference among blocks.

4.1.3 Habitat analysis
4.1.3.1 Quadrate plots

In KRB, the highest number of trees i.e 79 was tbimquadrate plot number 6 at an
altitude of 482 m asl (Table 13). This quadratet pilas dominated byfrichilia
connaroidesspecies with its 16 number, however the maximumber 26 of this
species was recorded in quadrate plot number lah altitude of 497 m asl. The
vegetation sampling data shows that the majoritthefquadrate plots in KRB were
dominated byTrichilia connaroidesspecies. In BRB, the highest number of trees i.e.
72 was found in quadrate plot number 9 at an diitaf 443 m asl (Table 14). This
guadrate plot was dominated Bglina cardifoliaspecies with its 16 number. But, the
maximum number 28 ddhorea robustapecies was recorded in quadrate plot number
7 at an altitude of 393 m asl. The vegetation saigmata shows that the majority of

the quadrate plots in BRB were dominatedStwprea robustapecies.

The majority of the quadrate plots were found cimgerrocky cliffs and rocky
outcrops in both KRB and BRB. Assamese monkeys ¥aened in these rocky cliffs
and rocky outcrops during sleeping time at nigtme Tirst encountered Syangja troop
of Assamese monkeys (n=18) was found at an altitdd®0 m asl. In this point, we
took a quadrate plot of size 2020 m and found that the total number of trees was
14, dominated b¥ricus hispidaFicus sarmentosandPremna barbataand this area
was occupied by west facing rocky cliffs and roakytcrops. Likewise, the first
encountered Palpa troop of Assamese monkeys (nwad)found at an altitude of
456m asl. By using same quadrate plot size ingbist, the total number of trees was
found 46, dominated byrichilia connaroidesand Ficus hispida and east facing
rocky cliffs and rocky outcrops were also recordeste. The first encountered
Siurenitar troop of Assamese monkeys (n=14) waadat an altitude of 342 m asl.
We took a quadrate plot of size 20%120 m in this point and found that the total
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number of trees was 40, dominated3horea robustaand this area was occupied by
east facing rocky cliffs and rocky outcrops. Thegd®khola troop of Assamese
monkeys (n=16) during its first encountered wa®raed at an altitude of 461 m asl.
By using same quadrate plot size in this pointtth& number of trees was found 49,
dominated byAdina cardifolig and west facing rocky cliffs and rocky outcropsrev
recorded here. Likewise, the first encountered Rk troop of Assamese monkeys
(n=13) was found at an altitude of 582 m asl. Bygsame quadrate plot size in this
point, the total number of trees was found 31, dated byAdina cardifolig and this
area was occupied by large sized big rocks with fzesng rocky cliffs and rocky

outcrops.
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Table 13: Vegetation sampling of the Assamese monkey halnitétie study area of KRB forest by

using quadrate size 20 m20 m (Total number of plant species in each queadpbot according to

altitude)

Common Name Scientific Name

Teaseaecae§aggsgg

2290229232230 000C0C0 s

E E E E E E E E E g g g g g E g 2
Aankha taruwa Trichilia connaroides 14 3 8 4 16 3 2 21 8 24 17 18 26 17 15 196
Amala Phyllanthus emblica 1 1 1 3
Amaru Spondias pinnata 1 1 1 3
Bahunkath Hymenodictyon excelsum 2 1 2 1 2 8
Bakaino Melia azedarach 1 2 2 5
Bar Ficus benghalensis 1 1
Barro Terminalia bellirica 2 1 1 2 1 1 1 9
Bel Aegle marmelos 4 3 2 8 5 7 5 4 6 4 54
Bhalayo Semecarpus anarcardium1 2 2 3 1 4 2 1 2 22
Botdhayaro Lagerstroemia parviflora 1 1 1 2 1 1 1 9
Chilaune Schima wallichii 3 4 7 8 7 12 5 8 6 9 11 8 7 103
Chiuri Diploknema butyracea 1 1 2
Gidari Premna barbata 2 1 2 5
Harro Terminalia chebula 1 1 1 1 4
Jamun Syzygium cumini 1 1 1 1 4
Kafal Myrica esculenta 1 1 1 3
Kalikath Aporusa octandra 2 4 3 5 2 6 5 3 3 1 35
Karam Adina cardifolia 1 1 1 3
Katus Castanopsis indica 1 2 1 2 2 8
Khair Acacia catechu 1 2 2 1 1 1 1 11
Khanyo Ficus sarmentosa 2 1 2 6
Mahua Madhuca longifolia 5 4 2 4 2 3 2 3 1 2 2 36
Neem Azadirachta indica 1 1 2 5
Nilo tanki Uraria lagopodioides 2 1 1 2 1 1 1 1 11
Pakhuri Ficus hederacea 1 2 3 2 1 3 1 4 1 21
Palas Butea minor 1 2 1 2 1 1 1 1 1 13
Phaledo Erythrina variegata 1 1 2 2 1 1 8
Pipal Ficus religiosa 1 1 2
Reetha Sapindus mukorossi 1 1 1 1 1 6
Saj Terminalia alata 1 1 1 3
Sal Shorea robusta 1 2 1 4
Sigane Lannea coromandelica 4 3 2 3 2 1 2 1 19
Simal Bombax ceiba 1 1 1 3
Sindure Mallotus philippensis 1 1 1 3
Sirish Albizzia chinensis 4 3 1 6 4 2 5 7 3 3 42
Thotne Ficus hispida 2 3 4 8 9 2 3 2 4 4 a7
Tuni Toona ciliata 3 4 2 7 1 4 2 2 31
Total 14 47 39 46 35 79 39 29 61 35 64 53 54 65 4¥Y 748

Note: Q. = Quadrate plot
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Table 14: Vegetation sampling of the Assamese monkey habitétte study area of BRB forest by

using quadrate size 20 m20 m (Total number of plant species in each quadpét according to

altitude)
Common Name Scientific Name S e eSS B G~ & & § a § § g @ §
9220222902232 00000C 0 T
> € 8383 % 8 8 2532883
Aankha taruwa Trichilia connaroides 1 1 2 2 3 2 1 2 1 18
Amala Phyllanthus emblica 2 2 1 1 3 4 3 4 4 26
Amaru Spondias pinnata 2 6 5 7 9 2 3 4 7 45
Barro Terminalia bellirica 2 1 1 1 1 2 2 10
Bel Aegle marmelos 2 1 1 2 6
Bhalayo Semecarpus 1 1 2 1 1 1 7
anarcardium
Botdhayaro  Lagerstroemia parviflora 3 8 6 7 2 4 8 5 2 3 5 61
Chanp Michelia champaca 1 1 1 3
Chhatiwan Alstonia scholaries 1 1 1 1 4
Chilaune Schima wallichii 3 4 3 3 1 1 2 3 23
Chiuri Diploknema butyracea 1 1 1 1 4
Harro Terminalia chebula 1 2 3 1 1 1 9
Kadam Anthocephalus 1 1 1 1 4
chinensis
Kafal Myrica esculenta 1 1 1 1 1 1 6
Kalikath Aporusa octandra 3 2 2 1 1 1 2 3 3 19
Karam Adina cardifolia 14 11 4 9 2 2 16 1 6 7 12 97
Kavro Ficus lacor 1 1 2
Khair Acacia catechu 2 1 4 1 1 2 11
Khanyo Ficus sarmentosa 2 1 1 1 1 1 7
Koiralo Bauhinia variegata 1 1 1 1 4
Mahua Madhuca longifolia 1 2 4 1 2 1 2 1 1 1 18
Neem Azadirachta indica 1 1 1 1 2 6
Nilo tanki Uraria lagopodioides 1 1 1 2 1 6
Pakhuri Ficus hederacea 1 1 1 1 1 2 1 2 10
Palas Butea minor 2 4 2 2 2 12
Phaledo Erythrina variegata 2 1 1 1 1 1 1 1 9
Reetha Sapindus mukorossi 1 1 1 2 2 1 1 9
Saj Terminalia alata 1 2 3 8 2 3 1 2 3 26
Sal Shorea robusta 27 11 6 22 7 8 28 3 10 24 16 7 26 18 223
Simal Bombax ceiba 1 1 1 3
Sindure Mallotus philippensis 3 2 2 5 2 3 3 4 24
Sirish Albizzia chinensis 1 2 1 2 2 2 2 1 2 2 22
Thotne Ficus hispida 1 1 1 2 1 1 7
Tuni Toona ciliata 3 1 2 1 1 2 1 1 15
Total 40 50 49 45 37 51 42 45 72 31 49 38 56 47 8B 756

Note: Q. = Quadrate plot
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4.1.3.2 Vegetation analysis

Botanical quadrate sampling (20 320 m) plotted in different altitudinal areas of
KRB forest revealed thafrichilia connaroideswas the dominant tree species in the
forest. This species was followed 8ghima wallichii Aegle marmelg$icus hispida
and others. But in BRB fores$horea robustavas found the dominant tree species in
the forest. This species was followed Agina cardifolig Lagerstroemia parviflora
Spondias pinnatalTerminalia alata Phyllanthus emblicaMallotus philippensisand
others. A total of 37 tree species with 748 numberse recorded in KRB forest and
34 tree species with 756 numbers were recordedRB Brest. This study revealed
that Trichilia connaroidesas dominating tree species with relative densiy68%
and relative frequency 8.38% in KRB forest (Tab% While Shorea robustawith
relative density 29.75% and relative frequency %8ii BRB forest (Table 16).

Table 15: Vegetation analysis of the Assamese monkey habhitae study area of KRB forest

SN Common Name Scientific Name Total % D. R.D. F. R.F.

1. Aankhataruwa Trichilia connaroides 196 26.20 0.0306 35.68 87.50 8.38
2. Amala Phyllanthus emblica 3 0.40 0.00046 0.53 1250 1.19
3. Amaru Spondias pinnata 3 0.40 0.00046 0.53 1250 1.19
4. Bahunkath Hymenodictyon excelsum 8 1.07 0.001251.45 25.00 2.39
5. Bakaino Melia azedarach 5 0.67 0.00078 0.90 18.75 1.79
6. Bar Ficus benghalensis 1 0.14 0.00015 0.17 6.25 0.59
7. Barro Terminalia bellirica 9 1.20 0.0014 1.63 31.25 2.99
8. Bel Aegle marmelos 54 7.22 0.0084 9.79 56.25 5.38
9. Bhalayo Semecarpus anarcardium 22 294 0.0034 396 3750 3.59
10. Botdhayaro Lagerstroemia parviflora 9 1.20 0.0014 163 31.25 299
11. Chilaune Schima wallichii 103 13.77 0.01609 18.76 68.75 6.58
12.  Chiuri Diploknema butyracea 2 0.27 0.0003 0.34 6.25 0.59
13. Gidari Premna barbata 5 0.67 0.000780.90 1875 1.79
14. Harro Terminalia chebula 4 0.54 0.0006 0.69 1250 1.19
15. Jamun Syzygium cumini 4 0.54 0.0006 0.69 1250 1.19
16. Kafal Myrica esculenta 3 0.40 0.00046 0.53 1250 1.19
17. Kalikath Aporusa octandra 35 4.68 0.005466.36 43.75 4.19
18. Karam Adina cardifolia 3 0.40 0.00046 0.53 1250 1.19
19. Katus Castanopsis indica 8 1.07 0.001251.45 25.00 2.39
20. Khair Acacia catechu 11 147 0.0017 198 37.50 3.59
21. Khanyo Ficus sarmentosa 6 0.80 0.0009 1.04 1875 1.79
22. Mahua Madhuca longifolia 36 481 0.0056 6.53 43.75 4.19
23. Neem Azadirachta indica 5 0.67 0.00078 0.90 18.75 1.79
24. Nilo tanki Uraria lagopodioides 11 147 0.0017 198 37.50 3.59
25. Pakhuri Ficus hederacea 21 2.81 0.003283.82 37.50 3.59
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26. Palas Butea minor 13 1.74 0.002032.36 37.50 3.59
27. Phaledo Erythrina variegata 8 1.07 0.001251.45 25.00 2.39
28. Pipal Ficus religiosa 2 0.27 0.0003 0.34 6.25 0.59
29. Reetha Sapindus mukorossi 6 0.80 0.0009 1.04 1875 1.79
30. Saj Terminalia alata 3 0.40 0.00046 0.53 1250 1.19
31. sal Shorea robusta 4 0.54 0.0006 0.69 1250 1.19
32. Sigane Lannea coromandelica 19 254 0.002963.45 3750 3.59
33. Simal Bombax ceiba 3 0.40 0.00046 0.53 12,50 1.19
34. Sindure Mallotus philippensis 3 0.40 0.00046 0.53 1250 1.19
35. Sirish Albizzia chinensis 42 561 0.00656 7.65 50.00 4.79
36. Thotne Ficus hispida 47 6.28 0.0073 8.51 50.00 4.79
37. Tuni Toona ciliata 31 4.14 0.0048 559 43.75 4.19

Total 748 100 0.08574 1043.75

Note: D.=Density, R.D.=Relative Density, F.=Freqeyeand R.F.=Relative Frequency

Table 16: Vegetation analysis of the Assamese monkey habhitae study area of BRB forest
SN Common Name Scientific Name Total % D. R.D. F. R.F.
1. Aankhataruwa Trichilia connaroides 18 2.38 0.0028 2.39 3750 355
2. Amala Phyllanthus emblica 26 344 0.004 341 4375 4.14
3. Amaru Spondias pinnata 45 595 0.007 5.98 50.00 4.73
4. Barro Terminalia bellirica 10 1.32 0.001561.33 31.25 2.95
5. Bel Aegle marmelos 0.79 0.0009 0.76 18.75 1.77
6. Bhalayo Semecarpus anarcardium 7 093 0.001 085 18.75 1.77
7. Botdhayaro Lagerstroemia parvifora 61  8.07 0.0095 8.12 50.00 4.73
8. Chanp Michelia champaca 0.40 0.00046 0.39 1250 1.18
9. Chhatiwan Alstonia scholaries 4 0.53 0.0006 0.51 1250 1.18
10. Chilaune Schima wallichii 23 3.04 0.003593.06 43.75 4.14
11. Chiuri Diploknema butyracea 0.53 0.0006 0.51 1250 1.18
12. Harro Terminalia chebula 1.19 0.0014 1.19 25.00 2.36
13. Kadam Anthocephalus chinensis 0.53 0.0006 0.51 1250 1.18
14. Kafal Myrica esculenta 0.79 0.0009 0.76 18.75 1.77
15. Kalikath Aporusa octandra 19 251 0.002962.53 37.50 3.55
16. Karam Adina cardifolia 97 12.83 0.015 12.82 68.75 6.50
17. Kavro Ficus lacor 2 0.27 0.0003 0.25 1250 1.18
18. Khair Acacia catechu 11 146 0.0017 145 31.25 2.95
19. Khanyo Ficus sarmentosa 7 093 0.001 0.85 18.75 1.77
20. Kaoiralo Bauhinia variegata 0.53 0.0006 0.51 1250 1.18
21. Mahua Madhuca longifolia 18 2.38 0.0028 2.39 37.50 3.55
22. Neem Azadirachta indica 0.79 0.0009 0.76 18.75 1.77
23. Nilo tanki Uraria lagopodioides 0.79 0.0009 0.76 18.75 1.77
24. Pakhuri Ficus hederacea 10 1.32 0.001561.33 31.25 295
25. Palas Butea minor 12 159 0.001871.59 37.50 3.55
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26. Phaledo Erythrina variegata 9 1.19 0.0014 1.19 25.00 2.36
27. Reetha Sapindus mukorossi 9 1.19 0.0014 1.19 25.00 2.36
28. Saj Terminalia alata 26 3.44 0.004 341 4375 4.14
29. Sal Shorea robusta 223 29.50 0.0348 29.75 93.75 8.87

30. Simal Bombax ceiba 3 0.40 0.00046 0.39 1250 1.18

31. Sindure Mallotus philippensis 24 3.17 0.0037 3.16 43.75 4.14
32. Sirish Albizzia chinensis 22 291 0.0034 290 43.75 4.14
33. Thotne Ficus hispida 7 093 0.001 085 18.75 1.77
34. Tuni Toona ciliata 15 198 0.0023 196 3750 355

Total 756 100 0.11696 1056.25

Note: D.=Density, R.D.=Relative Density, F.=Freqeyeand R.F.=Relative Frequency

4.1.3.3 Sleeping sites

In both the KRB and BRB, sleeping sites of the Assse monkeys during night time
were found on rocky cliffs and rocky outcrops ieegity as well as slope areas of the
river basin rocks. During the entire field studyripd, sleeping of the Assamese
monkeys at night on the trees in both the riveirisasere never observed. During the
day time, they were found on the trees for shetsl The colour of the rocks in both
the river basins was found to resemble with theaAssse monkeys’ body colour.
This might be the adaptation of the Assamese mankéth the habitat environment.
These rocky areas were usually devoid of trees smdibs. These might be
presumably selected to minimize risk of attack bgdators. During staying in rocky
habitat, the monkeys performed stone-licking thaghtnhelp their digestive system.

4.1.3.4 Habitat preference

Different quadrate plots and vegetation analysieaed that the Assamese monkeys
of KRB and BRB inhabited in sub-tropical decidusiverine forest with rocky cliffs
habitat. The habitat of the Kaligandaki Assamesenkags was dominated by the
trees likeTrichilia connaroidedollowed bySchima wallichij Aegle marmelggicus
hispida and others (Table 15) while that of BudhigandakihwShorea robusta
followed byAdina cordifolig Lagerstroemia parvifloraSpondias pinnatand others
(Table 16). Kaligandaki Assamese monkeys usede@lbizzia chinensiand that of
Budhigandaki used leaf dfagerstroemia parvifloraas a major food plant throughout
the year though they ate other plant species aidghrts available seasonally in both
the research sites. Most of the botanical quadpddés also includedAlbizzia

chinensistree species in Kaligandaki area and thatagerstroemia parvifloraree
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species in Budhigandaki area. Further, the sleepiteg of the Assamese monkeys
during night time were found on rocky cliffs anctkg outcrops in steeply as well as
slope areas of both the Kaligandaki and Budhigaindadr basin rocks. These rocky
cliffs and rocky outcrops were very close with sfiedood plants of the Assamese

monkeys in both the research sites. So the Assameskeys preferred that habitat.

4.1.3.5 Homerange

The daily home range mean path-length of Assamesi&keys was found 3403 m for
Palpa troop (n=24) along the side of the river maxi Kaligandaki at Ramdi area
towards Palpa district. The Syangja troop (n=18% wecorded 2692 m home range
along the side of the river basin of KaligandakiRdamdi area towards Syangja
district. It was found 2411 m for Rigdikhola trogp=16) along the side of the river
basin of Budhigandaki at Sigrepakha community for@sards Dhading district. The
Rockybhir troop (n=13) was recorded 2108 m homeeaim Benigam community
forest towards Gorkha district and the Siurenitaop (n=14) was found 2267 m
home range along the side of the river basin of Haymhdaki at Siurenitar area

towards Gorkha district.

Home range overlap of Assamese monkeys in bothréisearch sites was not
detected. This may be due to the presence of bagter for two basin sides of each
river. During the entire field study period, the mkey troop crossing Kaligandaki and
Budhigandaki rivers was not seen. Even in KRB aregas observed that both the
Palpa troop and the Syangja troop reaching at tdepoint of the Kaligandaki bridge

and then they backed to their respective sidesalb@dssamese troops were mostly
found in their horizontal path-length along tha&spective sides of the river with their

non overlapping home range.

4.1.4 Behavior

4.1.4.1 Feeding behavior

Assamese monkeys’ 3 adult males and 5 adult fenfralesgroup size 18 of Syangja
troop of KRB and 2 adult males and 4 adult femé&ies group size 14 of Siurenitar
troop of BRB were selected as the focal animalgherstudy of feeding behavior in
two topographical variable river basins.
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4.1.4.1.1 Food plants of Assamese monkeys

The investigated focal Syangja troop was foundtiize 71 plant species for food in
which 45 tree species, 11 shrub species, 10 hatiespand 5 climber species were
recorded while the investigated focal Siurenitaofr was found to utilize 69 plant
species for food in which 43 tree species, 12 slspdries, 10 herb species and 4
climber species were recorded. Among them, 65 fplatits were similar in both
study areas that resulted Sorensen’s Similaritgxnaf 0.93. Majority of plant species
were fruit bearing plants. Assamese monkeys utllibe different parts (fruit, mature
leaf, young leaf, seed, petiole, leafbud, barkwéno rhizome, young shoot and

inflorescence) of the different plant species &eding (Tables 17, 18).
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Table 17: Plant species and their parts eaten by the Assameskeys in the study area of the KRB

forest
SN Local Name Scientific Name Part eaten asfood
1. Aankhataruwa  Trichilia connaroides Fruit
2. Ainselu Rubus ellipticus Fruit
3. Amala Phyllanthus emblica Fruit, mature leaf
4. Amaru Spondias pinnata Fruit
5. Amliso Thysanolaena maxima Young shoot
6. Amp Magnifera indica Fruit
7.  Angeri Melastoma malabathricum Fruit
8.  Archal sano Antidesma acidum Mature leaf
9.  Archal thulo Antidesma ghaesembilla Mature leaf
10. Asuro Justicia adhatoda Flower
11. Bakaino Melia azedarach Mature leaf
12. Bamboo Dendrocalamus strictus Young shoot
13. Ban paiyun Prunus cerasoides Fruit, mature leaf
14. Bandargeda Ardisia solanacea Fruit
15. Banmara Eupatorium odoratum Young leaf, petiole
16. Bar Ficus benghalensis Fruit
17. Barro Terminalia bellirica Fruit
18. Bel Aegle marmelos Fruit
19. Bhorla Bauhinia vahlii Seed
20. Bilaune Maesa montana Mature leaf, young shoot
21. Chanp Michelia champaca Young leaf
22.  Chhatiwan Alstonia scholaries Young leaf
23.  Chiuri Diploknema butyracea Fruit
24.  Chutro Berberis asiatica Fruit
25. Dhurseli Colebrookea oppositifolia Inflorescence
26. Dubo Cynodon dactylon Mature leaf
27. Dudhelahara Hedyotis lineata Bark, petiole
28. Fern Dryopteris filix-mas Mature leaf
29. Gabjolahara Milletia extensa Mature leaf
30. Gidari lahara Premna scandens Mature leaf, young leaf
31. Goru ainselu Rubus rugosus Fruit
32. Guyalo Callicarpa arborea Mature leaf
33. Harro Terminalia chebula Fruit, mature leaf
34. Jamun Syzygium cumini Fruit, leafbud, young leaf
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35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

Jangali kera
Kadam
Kafal
Kalikath
Kalo dumri
Karkale
Katus

Kavro

Khair
Khanyo
Koiralo
Lasune
Magarkanche
Mahua
Mayal
Mulberry
Musurekatus
Nigalo
Nundhiki
Phanir

Pipal
Ratpate

Saj

Sal
Samipipal
Sano gabjo
Sanodhayaro
Sarpa makai
Seto dumri
Sigane
Simal
Sindure
Sirish

Tanki

Tarul
Thotne

Tuni

Musa superfa
Anthocephalus chinensis
Myrica esculenta
Aporusa octandra
Ficus nervosa
Colocasium esculenta
Castanopsis indica
Ficus lacor

Acacia catechu

Ficus sarmentosa
Bauhinia variegata
Sphaerosacme decandra
Begonia picta
Madhuca longifolia
Pyrus pashia

Morus macroura
Castanopsis tribuloides
Arundinaria intermedia
Osyris wightiana
Syzygium jambos
Ficus religiosa

Odina wodier
Terminalia alata
Shorea robusta

Ficus benjamina
Milletia fruticose
Woodfordia fruiticosa
Arisaema tortuosum
Ficus racemose
Lannea coromandelica
Bombax ceiba
Mallotus philippensis
Albizzia chinensis
Bauhinia purpurea
Dioscorea bulbifera
Ficus hispida

Toona ciliata

Fruit

Young leaf, inflorescence
Fruit, mature leaf

Young leaf, inflorescence
Young leaf

Young leaf

Seed

Young leaf

Mature leaf

Fruit

Flower, bark

Mature leaf

Mature leaf

Mature leaf

Fruit

Fruit, mature leaf

Seed

Young shoot

Mature leaf

Fruit

Fruit

Mature leaf

Young leaf, seed, bark
Young leaf, inflorescence
Fruit

Mature leaf

Mature leaf, young leaf, flower

Seed

Young leaf

Young leaf, inflorescence
Young leaf

Mature leaf

Mature leaf, young leaf

Fruit, young shoot

Rhizome, young leaf, petiole

Fruit, bark

Mature leaf
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Table 18: Plant species and their parts eaten by the Assameskeys in the study area of the BRB

forest
SN Local Name Scientific Name Part eaten asfood
1. Aankha taruwa  Trichilia connaroides Fruit
2. Ainselu Rubus ellipticus Fruit
3.  Amala Phyllanthus emblica Fruit, mature leaf
4.  Amaru Spondias pinnata Fruit
5. Amliso Thysanolaena maxima Young shoot
6. Amp Magnifera indica Fruit
7.  Angeri Melastoma malabathricum Fruit
8.  Archal sano Antidesma acidum Mature leaf
9. Asuro Justicia adhatoda Flower
10. Bakaino Melia azedarach Mature leaf
11. Bamboo Dendrocalamus strictus Young shoot
12. Ban paiyun Prunus cerasoides Fruit, mature leaf
13. Bandargeda Ardisia solanacea Fruit
14. Banmara Eupatorium odoratum Young leaf, petiole
15. Bar Ficus benghalensis Fruit
16. Barro Terminalia bellirica Fruit
17. Bel Aegle marmelos Fruit
18. Bhorla Bauhinia vabhlii Seed
19. Bilaune Maesa montana Mature leaf, young shoot
20. Botdhayaro Lagerstroemia parviflora Young leaf
21. Chanp Michelia champaca Young leaf
22.  Chhatiwan Alstonia scholaries Young leaf
23.  Chiuri Diploknema butyracea Fruit
24.  Chutro Berberis asiatica Fruit
25. Dhurseli Colebrookea oppositifolia Inflorescence
26. Dubo Cynodon dactylon Mature leaf
27. Dudhelahara Hedyotis lineata Bark, petiole
28. Fern Dryopteris filix-mas Mature leaf
29. Gabjolahara Milletia extensa Mature leaf
30. Goru ainselu Rubus rugosus Fruit
31. Guyalo Callicarpa arborea Mature leaf
32. Harro Terminalia chebula Fruit, mature leaf
33.  Jamun Syzygium cumini Fruit, leafbud, young leaf
34. Kadam Anthocephalus chinensis Young leaf, inflorescence
35. Kafal Myrica esculenta Fruit, mature leaf
36. Kalikath Aporusa octandra Young leaf, inflorescence
37. Kalo dumri Ficus nervosa Young leaf
38. Karam Adina cardifolia Young leaf
39. Karkale Colocasium esculenta Young leaf
40. Katus Castanopsis indica Seed
41. Kavro Ficus lacor Young leaf
42.  Khair Acacia catechu Mature leaf
43. Khanyo Ficus sarmentosa Fruit
44. Koiralo Bauhinia variegata Flower, bark
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45. Mahua Madhuca longifolia Mature leaf

46. Mayal Pyrus pashia Fruit

47.  Mulberry Morus macroura Fruit, mature leaf

48. Musurekatus Castanopsis tribuloides Seed

49. Nigalo Arundinaria intermedia Young shoot

50.  Nundhiki Osyris wightiana Mature leaf

51.  Phanir Syzygium jambos Fruit

52. Pipal Ficus religiosa Fruit

53. Saj Terminalia alata Young leaf, seed, bark
54. Sal Shorea robusta Young leaf, inflorescence
55.  Samipipal Ficus benjamina Fruit

56. Sano bayar Zizyphus mauritiana Fruit

57. Sano gabjo Milletia fruticose Mature leaf

58. Sanodhayaro Woodfordia fruiticosa Mature leaf, young leaf, flower
59. Sarpa makai Arisaema tortuosum Seed

60. Seto dumri Ficus racemose Young leaf

61. Sigane Lannea coromandelica Young leaf, inflorescence
62. Simal Bombax ceiba Young leaf

63. Sindure Mallotus philippensis Mature leaf

64. Sirish Albizzia chinensis Mature leaf, young leaf
65. Tanki Bauhinia purpurea Fruit, young shoot

66. Tarul Dioscorea bulbifera Rhizome, young leaf, petiole
67. Thotne Ficus hispida Fruit, bark

68. Thulo bayar Zizyphus rugose Fruit

69. Tuni Toona ciliata Mature leaf

The food plants such &zyphus mauritianaZizyphus rugoseAdina cardifoliaand
Lagerstroemia parvifloravere not found in KRB forest and that ©flina wodier
Musa superfa Premna scandensBegonia picta Sphaerosacme decandrand
Antidesma ghaesembillaere not found in BRB forest, while other food mawere
recorded similar in both the research sites (Tahlgs18). It was recorded that the
Kaligandaki Assamese monkeys frequently used IeAllwzzia chinensignd that of
Budhigandaki Assamese monkeys frequently usedfdadgerstroemia parvifloras
a major food plant throughout the year though taeyother plant species and their

parts available seasonally in both the study areas.

4.1.4.1.2 Food preference and feeding per centage

The focal Assamese troops were found eating difteparts of different food plant
species. The percentage amount of eating eachopatant species by the focal
Assamese troops was calculated in both the riveintfarests based on Table 17 and
Table 18 and found that fruit 27.08% was the highesd plant part in KRB followed
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by mature leaf 26.04%, young leaf 18.76%, seed %,2%oung shoot 5.21%,
inflorescence 5.21%, bark 4.17%, flower 3.12%, gdeti3.12%, leafbud 1.04% and
rhizome 1.04% (Fig. 5) and in BRB it was found thait 29.03% was the highest
food plant part followed by mature leaf 21.50%, ygueaf 20.43%, seed 5.38%,
young shoot 5.38%, inflorescence 5.38%, bark 4.308%er 3.23%, petiole 3.23%,
leafbud 1.07% and rhizome 1.07% (Fig. 5).

The feeding data of two topographical variable misystem shows that the Assamese
monkeys of both the river system preferably likestd fruit in priority followed by
mature leaf and others (Fig. 5). The focal Syarngyap members that utilized the
mature leaf (26.04%) for feeding seems to be tighdri as compared to the mature
leaf (21.50%) eaten by the focal Siurenitar troopmers. However, the fruit
(29.03%) and young leaf (20.43%) eaten by the f8aatenitar troop members seem
to be slightly higher as compared to the fruit (8P6) and young leaf (18.76%) eaten

by the focal Syangja troop members, and other g@esn to be more or less similar

(Fig. 5).
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Figure 5. Percentage of food plant parts eaten by the fAsahmese Syangja troop and the focal

Assamese Siurenitar troop in the study area of KR8 BRB forest
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Kruskal-Wallis H test (H = 0.3891, Hc = 0.3918, ©5314) was performed for equal
medians of food plant parts eaten by Assamese myenRéis test shows there is no
significant difference between sample medians.

4.1.4.1.3 Seasonal variation and availability of food

The forest of both the study area (KRB and BRB)wshbigh seasonal variation in
the production of different plant parts. The life ymung leaves, buds, flowers and
fruits is short, whereas seeds and mature leaifesslcomparatively long. Specially
insects appear and algae and mosses bloom inispezdisons. The forest of KRB is
dominated byTrichilia connaroidesand the BRB forest is dominated Bhorea
robusta Different species of plants were recorded insihel outside of plotted
botanical squares. The seasonal distributionsfédrdnt vegetative and reproductive
parts were recorded according to their availability

Leafbuds: Leafbuds were mainly available during March toeland the peak-month
was April. In several plants, some leafbuds wenendant from May to August and
the remaining months only few were seen. The paitand since the time of leaf
sprouting is different in different plant, the distition of leafbuds was never zero.

Young leaves. Young leaves and leafbuds occurred simultaneousljhe same

season. In most of the plants availability peak#&mil and some young leaves and
leafbuds were present during May to August. Besiliss few were available in some
plants throughout the year. From October to Maraoly dew young leaves were

available.

Mature leaves. Mature leaves consist of more fiber and less warer are thus less
palatable in comparison to young leaves. Accordmghe availability, the mature
leaves were always present in larger amounts. Weeg abundant during the winter
months specially in January. Mature leaves statéatine in March to April.

Old leaves. According to the nature of this deciduous forestl a&a rhythmic
defoliation of the plants, few old leaves were preghroughout the year. Only from
February to May old leaves occurred somewhat ofkost mature leaves turned

yellow and started falling covering the forest flodth leaf-litter.

Flower buds: Flowering is highly seasonal in both the studyaafEhe highest peak
of flower bud abundance was observed during Mareh a considerable amount in
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September, indicating the two flowering seasorspiting and in autumn. The amount
of flower buds in September was observed smallmF@ctober to January flower
buds were not available and small amounts wereeptekiring other months.

Flowers. According to the availability of flower buds, flens were available. The
peak, however, lower as many arboreal herbivorigigzad heavily the flower buds

resulting in a smaller amount of flowering. Flowersre abundant in April, and some
in May and July. There were almost no flowers dyifitovember to February.

Unripefruits: Green fruits were always available in a small amian both the study
forest. A very small peak of abundance occurretuime, August and October.

Ripe fruits: Ripe fruits were not available in August and oealpduring April was
present. From December to March also ripe fruivailability was in considerable
amount. It was correlated with the green fruit kaflity.

Other food items: Besides above mentioned food categories, othet ii@ons such
as seeds, young shoots, inflorescences, barks)gsetind rhizomes of different plant
species were available seasonally. Furthermoreciss stone licking, soil eating,
water and waste were also available in both theystmeas.

4.1.4.1.4 Time spent in feeding

The total observation time for Kaligandaki focalsAmese Syangja troop (KFAST)
was 716 hours, of which the total feeding time wesorded 294.7 hours and in
percentage it was calculated as 41.16% (Table Rffal observation time. The total

observation time for Budhigandaki focal Assamesgesiitar troop (BFAST) was 691

hours, of which the total feeding time was recor@68.5 hours and in percentage it
was calculated as 44.36% (Table 26) of total olzdem time. The mean feeding time
spent of two study troops was 300.6 hours and iogmeage it was 42.76%.

4.1.4.1.5 Monthly variation in feeding time

Most of the trees and the plants produce more tethan flowers or fruits. They bear
foliage for much longer periods than they bearodpctive parts. The mature leaf’s
life is usually considerably longer than the growthase, patches of mature leaves
will be more frequently encountered in space antktin a forest than patches of
other plant items, and with patches leaves willallgthave a higher density than will
flowers or fruits (Oates, 1987).
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The seasonal aspects of the feeding behavior weestigated for KFAST (3 adult
males — M, M, M3 and 5 adult females — FF, F;, F4, Fs) and BFAST (2 adult
males — M, M, and 4 adult females - F~, Fs, F1) separately. The young leaves,
fruits, flowers, insects were available for shagtipd in hot and rainy seasons (April
to September), so the time spent by monkeys fadifigeduring this period were
short. In the less hot and colder months (OctobeMarch), as there were more
mature leaves and fewer fruits, the monkeys hateed for long time. Thus, the
monthlies feeding time percentage from October tard?d were higher and
significantly difference to the time percentagerainths April to September.

The feeding time percentage of the monkeys was tivega correlated with the
temperature of the month. They need more energyeircold month. Therefore, they
found investing more time on feeding. The data f@otober to March stand ori 1o
6" rank on feeding while the temperature ranked fhto 12". The data of feeding
rank from the month of April to September stand78rto 12" while the temperature

from the same month ranked frofitb 6"

Table 19: Monthly feeding time (in % of the total observatitime) for KFAST and BFAST

Month KFAST (%) BFAST (%)
February, 2015 52.61 56.42
March 55.23 57.64
April 32.65 34.96
May 31.46 33.83
June 34.33 38.71
July 30.54 34.33
August 24.45 25.92
September 32.42 34.22
October 42.12 46.26
November 48.11 54.72
December 53.64 57.12
January, 2016 56.34 58.18
Mean (%) 41.16 44.36

The monthly distribution of feeding time was an&gzeparately for both the troops.
The paired t-test shows that, there was signifidéférence (p = .000) between them.
Also as the left test shows significant, indicatittge Syangja troop average is

significantly smaller than Siurenitar troop average
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4.1.4.1.5.a Monthly variation of time spent in fruit eating

Fruits can be considered a highly seasonal foau. iehe fruits eaten from different
plant species and acceptance by Assamese monkegsdifierent. The mean time
spent for fruit eating was 23.80%%(S 226.5, CV = 63.2) per year by KFAST and
25.96% (8 = 195.3, CV = 53.8) per year by BFAST. The mostetispent with the
fruits were during July 49.14%, June 43.37%, Deam2.55% and November
36.15% (Fig. 6, Table 20) for KFAST and July 47.12%ne 45.23%, December
41.43% and November 39.12% (Fig. 6, Table 21) iIBABT. The lowest time spent
for fruits were observed during spring in the maentf March 04.62% and April
03.98% for KFAST and April 06.17% for BFAST. So,eth were significant
differences between the months.

The months June-July and November-December werditte peaks while that of
August-September and January-April were low peaksfriit eating (Fig. 6). The
months May and October were near an average titme.aVailability of fruit shows
that altogether fruit green or ripe to some exigate present during the months of
whole year. The seasonal influence of fruit-eatiinge percentage was significant.
The two peaks were significantly higher than the faults (Fig. 6).
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Figure 6: Monthly distribution of fruit eating time in penciage for KFAST and BFAST
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4.1.4.1.5.b Monthly variation of time spent in mature leaf eating

Leaves are the main food of the Assamese macatjuesnean time spent for mature
leaf eating was 30.02% {$ 389.6, CV = 65.7) per year by KFAST and 29.04% (
=396.9, CV = 68.6) per year by BFAST. On no ofieed category did they invest so
much time. For the mature leaves, the feeding peremonth never dropped below
06.43% (Fig. 7, Table 20) in Kaligandaki and 05.46%g. 7, Table 21) in
Budhigandaki. The monthly feeding time significgndiffer over the year. In KRB
forest, the time spent on mature leaves was higinesanuary (63.18%), and in
November was 53.32%, February 49.63%, Decembei7%&\hile the lowest time
devoted for mature leaves in the month of April .4386). In BRB forest, the time
spent on mature leaves was highest in January Q%i,9and in November was
50.76%, December 48.11%, October 48.09%, Februad?% while the lowest time

devoted for mature leaves in the month of July46%).

Mature leaves were always available in the foréstoth the study sites. Even though
the forest was deciduous type, the defoliation visgthmic. The stages and qualities
of mature leaves were naturally different in acamke to the seasons. In small
guantity new young leaves and in reasonable ammature leaves were always
present in the forest. The young leaves are of hightive quality while mature and

old leaves are less. As the folivorous habit, timstly depend on leaves of different
age. Therefore, Assamese monkeys have to spendtma@dor less quality mature

leaves to obtain optimum amount of nutrition. Thatume leaf eating time was higher
during winter months as there were more matureeleavhile the time spent was less

in spring and rainy season (Fig. 7).
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Figure 7: Monthly distribution of mature leaf eating timepercentage for KFAST and BFAST

4.1.4.1.5.c Monthly variation of time spent in young leaf eating

The mean time spent for young leaf eating was 29.68 = 170.4, CV = 66.7) per
year by KFAST and 20.70% {S$ 218.6, CV = 71.4) per year by BFAST. The
monthly feeding time significantly differ over tlyear. In KRB forest, the time spent
on young leaves was highest in August 41.50% (&idgrable 20), and in May was
37.31%, July 30.52%, June 29.95%, April 27.87%, dia24.16% while the lowest
time devoted for young leaves in the month of Novem(04.46%). In BRB forest,
the time spent on young leaves was highest in Aug140% (Fig. 8, Table 21), and
in May 39.22%, July 34.18%, June 33.13%, April 3%% March 29.98% while the

lowest time devoted for young leaves in the moritNavember (03.89%).

In spring season, generally new young leaves erderfjee young leaves were
available in the months of March, April, May, Judaly and August. In other months,
a little amount of young leaves was available ia fibrest. The young leaves are of
high nutritive quality while mature and old leava® less. As the folivorous habit,
they mostly depend on leaves of different age. dloee, Assamese monkeys get
sufficient spending less time for high quality ygueaves. The time spent on young
leaf eating was higher during the rainy season sprthg season when there were
more young leaves. The time spent was less in theemmonths (Fig. 8).
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Figure 8: Monthly distribution of young leaf eating time percentage for KFAST and BFAST
4.1.4.1.5.d Monthly variation of time spent in seed eating

The mean time spent for seed eating was 2.71% (%8, CV = 88.5) per year by
KFAST and 2.07% (5= 3.6, CV = 92.2) per year by BFAST. In KRB forasie time
spent on seeds was highest in April 08.17% (FigT&hle 20), and in March was
06.94% while the lowest time devoted for seedfhienrhonth of December (00.15%).
In BRB forest, the time spent on seeds was highe&pril 06.96% (Fig. 9, Table 21)

while the lowest time devoted for seeds in the taftDecember (00.10%).

The seeds are the concentrated energetic food. @heyf high nutritive value.
Assamese monkeys frequently fed see@adtanopsis indicavailable during winter
seasons and seed dfrisaema tortuosumavailable during summer seasons.
Depending upon the productivity of the previousryelae old seeds were available
throughout the year in the ground. The seed edimg was higher in March and
April while lower in the months of November and Betber (Fig. 9). This shows the

decline of seed eating time spent from rainy se&@a@ards the winter season.
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Figure 9: Monthly distribution of seed eating time in pertzage for KFAST and BFAST

4.1.4.1.5.e Monthly variation of time spent in young shoot eating

The mean time spent for young shoot eating was%2.(8 = 4.4, CV = 105.3) per
year by KFAST and 1.50% {S 1.1, CV = 69.2) per year by BFAST. The young
shoot is the delicate part of the stem, generdlly topmost portion of any tree,
climber, plant or branch. It might have few sma#\es, or sometime only cylindrical
elongation of stem. So, it is a delicate young patth vascular bundles. The shoots
probably consist of more moisture percentages. ddieate young shoot whole or
inside part eating was common in Assamese monkeysRB forest, the Assamese
monkeys were spending more time in May (06.73%)@atbber (06.18%) for young
shoot while in BRB forest the Assamese monkeys wpending more time only in
May (04.11%) for young shoot. The data of time spanMay and October were
significantly higher (Fig. 10, Table 20) to the de®y time of July-August and
November to February for Kaligandaki while the dafatime spent in May was
significantly higher (Fig. 10, Table 21) to the de®y time of July-August and
November to February for Budhigandaki.
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Figure 10: Monthly distribution of young shoot eating timeparcentage for KFAST and BFAST
4.1.4.1.5.f Monthly variation of time spent in inflorescence eating

The average time spent on inflorescence eatingtbeeyear was 0.95%{S 1.1, CV

= 112.8) for KFAST and it was 0.85% %S 0.6, CV = 92.8) for BFAST. The
inflorescence is the floral parts arranged in thaaf axis. The high peak of
inflorescence abundance was in March and April. ilme spent for inflorescence
was highest in April (03.86% for KFAST and 02.8186 BFAST). Least time was
observed during January 00.21% (Fig. 11, Table fa@)Kaligandaki while July
00.41% (Fig. 11, Table 21) for Budhigandaki. Thewas no found the inflorescence
eating during the months of July, August and Decamily KFAST and during the
months of February, November and January by BFAST.
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Figure 11: Monthly distribution of inflorescence eating tinmepercentage for KFAST and BFAST

4.1.4.1.5.g Monthly variation of time spent in bark eating

The bark is the fibrous semi-hard and sometime skynicovering of stems. The
average time spent on bark eating over the yearOn®96 (3 = 0.0, CV = 88.4) for
KFAST and it was 0.22% 3= 0.1, CV = 104.6) for BFAST. The highest time rspe
on bark eating was recorded in December 00.26% {ZigTable 20) for Kaligandaki
while in August 00.86% (Fig. 12, Table 21) for Bigindaki. The lowest time spent
was observed during January (00.03%) in Kaligandakile during September
(00.11%) in Budhigandaki. Assamese monkeys mostbfepred bark ofFicus
hispidaas food. The bark eaten by the Assamese monkeyohserved when there
was less food item available in the forest. SoJoddx eating was higher in August for
Budhigandaki as compared to other months of the ydzen there was lower
availability of other food items in this month. Thewas no found the bark eating
during the months of March, April, August and Oaplby KFAST and during the
months of May, July and November by BFAST.
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Figure 12: Monthly distribution of bark eating time in per¢age for KFAST and BFAST

4.1.4.1.5.h Monthly variation of time spent in flower eating

The mean time spent for flower eating was 12.4784=($94.5, CV = 111.8) per year
by KFAST and 12.16% €S= 157.4, CV = 103.2) per year by BFAST. Flowers e
clumped and highly seasonal due to its fix flowgriseasons, so the seasonal
distribution for flower eating was significant. Tliene spent for flowers had two
peaks, in September 48.12% (Fig. 13, Table 20),jmrgril 33.51% for Kaligandaki
and in September 44.17% (Fig. 13, Table 21), anbiil 30.64% for Budhigandaki.
In other months except March there were few floveqsloiting data. The seasonality
of flowers shows that they were available only véeew except August, October,
February and May (Fig. 13). The high peak of flgpalrts abundance was in the
months of March and April. However, the time sp@otthese months on flowers
were second (April) and third (March) ranking, vehihe first being September. Thus,
the data for September was significantly differenall other months except April.

The months of March, April and May were the mamwiering months but after and
end of the rainy season, there was flowering seagam from August to the October.
This autumn season might be the rare season fofflalers, so the Assamese

monkeys liked to spend more time for this clumpeddf The spring season is the
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common flowering season for all the flowering ptaand the time for new young
leaves too. The Assamese monkeys seem to prefererBowhenever they are
available. The pattern of time spent in florivorgsvluctuating seasonally with all the
months of the year (Fig. 13).
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Figure 13: Monthly distribution of flower eating time in penstage for KFAST and BFAST

4.1.4.1.5.i Monthly variation of time spent in petiole eating

The mean time spent for petiole eating was 0.36%=(8.1, CV = 93.5) per year by
KFAST and 0.42% (5= 0.1, CV = 67.7) per year by BFAST. The highésetspent
on petiole eating was recorded in May 01.14% (E#@. Table 20) for Kaligandaki
while in May 00.84% (Fig. 14, Table 21) for Budhigiaki. The lowest time spent
was observed during January (00.23%) in Kaligandakile during December
(00.12%) in Budhigandaki. There was no found theofeeeating during the months
of February, July, September and October by KFA®@ during the months of
March and June by BFAST.
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Figure 14: Monthly distribution of petiole eating time in pentage for KFAST and BFAST

4.1.4.1.5.] Monthly variation of time spent in leafbud eating

The mean time spent for leafbud eating was 0.59% (@3, CV = 92.3) per year by
KFAST and 0.87% (5= 0.7, CV = 96.4) per year by BFAST. A leafbudiiswelling
on a plant stem consisting of overlapping immateaves or petals or it is a bud from
which a leaf develops. Leafbuds were mainly avéglaluring March to June and the
peak-month was April. In several plants, some ledsbwere abundant from May to
August and the remaining months only few were sdér highest time spent on
leafbud eating was recorded in April 02.14% (Fi§, Table 20) for Kaligandaki
while in April 03.53% (Fig. 15, Table 21) for Budjaindaki. The lowest time spent
was observed during August (00.22%) in Kaligandetkile during October (00.12%)
in Budhigandaki. There was no found the leafbudhgatiuring the months of July
and September by KFAST and during all months ofyeer the leafbuds were found
eaten by BFAST (Fig. 15).
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Figure 15: Monthly distribution of leafbud eating time in pentage for KFAST and BFAST
4.1.4.1.5.k Monthly variation of time spent in rhizome eating

The average time spent on rhizome eating over ¢lae was 0.73% (S= 0.5, CV =
100.5) for KFAST and it was 1.02%%S 0.8, CV = 87.1) for BFAST. The rhizome
is a continuously growing horizontal undergrounehstwhich puts out lateral shoots
and adventitious roots at intervals. It is alsdezhicreeping rootstalk. Rhizome of
Dioscorea bulbiferavas the most preferred food by Assamese monkeys highest
time spent on rhizome eating was recorded in MaZH5% (Fig. 16, Table 20) for
Kaligandaki while in March 02.97% (Fig. 16, Tabl®) 2or Budhigandaki. The lowest
time spent was observed during August (00.14%) adigandaki while during
September (00.34%) in Budhigandaki. There was naddhe rhizome eating during
the months of May and June by KFAST and duringniioeiths of May and August by
BFAST (Fig. 16).
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Figure 16: Monthly distribution of rhizome eating time in pentage for KFAST and BFAST

4.1.4.1.51 Monthly variation of time spent in insect eating

The mean time spent for insect eating was 2.90% (8.4, CV = 155.8) per year by
KFAST and 2.43% (5= 11.6, CV = 139.9) per year by BFAST. Insectseesly
caterpillars were available in the forest throughthe year even though in small
amounts. A peak time of insect eating was obsemdtie months of February and
March. The highest time spent on insect eating wwasrded in March 12.41% (Fig.
17, Table 20) for Kaligandaki while in March 10.110kig. 17, Table 21) for
Budhigandaki. The lowest time spent was observaithglDecember (00.11%) in
Kaligandaki while during January (00.23%) in Budindaki. There was no found the
insect eating during the months of June, Auguspté&eber and November by
KFAST and during the months of April, October anecBmber by BFAST (Fig. 17).
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Figure 17: Monthly distribution of insect eating time in pentage for KFAST and BFAST

4.1.4.1.5.m Monthly variation of time spent in stonelicking

Stone licking was one of the remarkable phenomehaerved in both the study area.
Stone licking is one of the food among the inorgafood items of Assamese
monkeys. Generally they lick the stones for digestf other ingested food materials.
They licked the stones in both river basins. Thamime spent for stone licking was
2.04% (8 = 5.5, CV = 115.3) per year by KFAST and 1.40%%3.9, CV = 141.3)
per year by BFAST. Licking of stone was highestiniyrMarch 07.67% (Fig. 18,
Table 20) for Kaligandaki while during March 06.160kig. 18, Table 21) for
Budhigandaki. The least time devoted month for etbeking was during February
(00.21%) in Kaligandaki while during February (0@%3) in Budhigandaki. There
was no found the stone licking during the monthswfe and September by BFAST
and during all months of the year the stones wawed licked by KFAST (Fig. 18).
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Figure 18: Monthly distribution of stone licking time in penstage for KFAST and BFAST
4.1.4.1.5.n Monthly variation of time spent in soil eating (geophagy)

The soil eating behavioral activity was investigaite both the study area. Soil eating
is a common phenomenon observed in Assamese mornkaysg took regularly some
amount of soil (Table 20) with some exceptions (&&1). The red termite soil was
available in the forest in two forms, one was i tbrm of termite moulds and the
other was in the form of thin and long tunnels @ ttrunks. The soil from both sites
was eaten by Assamese monkeys. In addition the messa monkeys took the
opportunity to eat the white and brown soil frone thank of rivers. The mean time
spent for soil eating was 0.55%*(S$0.3, CV = 92.5) per year by KFAST and 0.33%
(8% = 0.1, CV = 83.9) per year by BFAST. Geophagy Waghest during March
01.95% (Fig. 19, Table 20) for Kaligandaki whileritig September 00.95% (Fig. 19,
Table 21) for Budhigandaki. The least time devatezhth for soil eating was during
October (00.12%) in Kaligandaki while during Noveani§00.16%) in Budhigandaki.
There was no found the soil eating during the m®mthApril, July and October by
BFAST and during all months of the year the soibvi@und eaten by KFAST (Fig.
19).
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Figure 19: Monthly distribution of soil eating (geophagy) gnn percentage for KFAST and BFAST

4.1.4.1.5.0 Monthly variation of time spent in water drinking

The mean time spent for water drinking was 0.99%4<(8.8, CV = 90.1) per year by
KFAST and 0.90% (5= 0.7, CV = 90.5) per year by BFAST. Water is vesgential
liquid component that facilitates the chemical teaxs within the body. It also helps
to maintain the body fluids, and keeps the bodgugs and organs moist. The water
drinking is a short time consumption feeding itefine Assamese monkeys drank
water regularly especially at the afternoon tin@frboth the rivers (Kaligandaki and
Budhigandaki) with a very few months exception (€aR0, 21). The highest time
spent on water drinking was recorded in June 02.1{#%. 20, Table 20) for
Kaligandaki while in June 02.65% (Fig. 20, Tablg &ir Budhigandaki. The lowest
time spent was observed during December (00.08%Kailigandaki while during
February (00.17%) in Budhigandaki. There was nadbthe water drinking during
the month of January by KFAST and during the mownthBecember and January by
BFAST (Fig. 20). The Assamese monkeys avoided wdtieking due to too much
cold during these months.
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Figure 20: Monthly distribution of water drinking time in pmntage for KFAST and BFAST

4.1.4.1.5.p Monthly variation of time spent in waste eating

Assamese monkeys were found eating and chewingdkte materials, thrown in the
forest by the local people. They searched the abdked items and vegetables
thrown along with the waste materials and ate whenthey found. They were also
found handling the cigarette papers and the rendipastic bags either engulfing it
after long chewing or throwing it. The average tispent for waste eating was 0.21%
(8= 0.1, CV = 129.5) per year by KFAST and 0.13%%%9.0, CV = 85.9) per year
by BFAST. The highest time spent on waste eating meaorded in March 00.82%
(Fig. 21, Table 20) for Kaligandaki while in July).82% (Fig. 21, Table 21) for
Budhigandaki. The lowest time spent was observaihgilDecember (00.02%) in
Kaligandaki while during February (00.10%) in Bugdwndaki. There was no found
the waste eating during the months of May, July &lavember by KFAST and
during the months of March, August, September aadenber by BFAST (Fig. 21).
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Figure 21: Monthly distribution of waste eating time in pentage for KFAST and BFAST

Table 20: Monthly distribution of food categories in % offding time for KFAST

Items 2015 2016 Mean Variance CV =
()] Std-mean

Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. ratio

Fruits 12.1404.6203.9824.4243.3749.1411.1614.3226.0236.1542.5517.72 23.80 226.5 63.2
Mature leaf 49.6312.7306.4311.0412.7607.5631.5719.7246.1653.3246.1763.18 30.02 389.6 65.7
Young leaf 09.124.1627.8737.3129.9530.5241.5007.9505.2204.4607.3809.32 19.56 170.4 66.7
Seed 03.2D6.9408.1702.9801.5301.1702.3203.3001.0300.4100.1501.28 2.71 5.8 88.5
Young shoot00.6401.9701.2306.7301.6600.4300.9602.6306.1800.9800.3200.27 2.00 4.4 105.3
InflorescenceD1.3102.1203.8600.9700.64 - - 01.1400.8300.31 - 00.21 0.95 1.1 112.8
Bark 00.24 - - 00.2400.1800.11 - 00.25 - 00.1400.2600.03 0.12 0.0 88.4
Flower 08.5719.2233.5107.1203.4301.1210.4348.1211.1201.9100.9604.11 12.47 194.5 111.8
Petiole - 00.790.6101.1400.42 - 00.36 - - 00.4400.3600.23 0.36 0.1 93.5
Leafbud 00.440.3102.1400.6500.97 - 00.22 - 00.4300.4800.6400.78 0.59 0.3 92.3
Rhizome 01.602.4501.21 - - 00.2300.1400.5700.3100.5300.3701.32 0.73 0.5 100.5
Insects 11.892.4102.2600.94 - 06.55 - - 00.23 - 00.1100.17 2.90 20.4 155.8
Stone licking00.2107.6706.0703.4602.0401.1600.2400.4301.2600.5200.3901.10 2.04 5.5 115.3
Soil eating  00.5%1.9501.1600.7700.1600.5300.4600.2800.1200.2400.2300.22 0.55 0.3 92.5
Water 00.2301.8801.3202.2302.7401.4700.5200.9600.3400.1000.08 - 0.99 0.8 90.1
Waste 00.14€0.8200.18 - 00.14 - 00.1200.3300.75 - 00.0200.06 0.21 0.1 129.5

Total 100 99.99100 100 99.999.99 100 100 100 99.999.99 100 100.00 0.0 0.0
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Table 21: Monthly distribution of food categories in % offding time for BFAST

Items 2015 2016 Mean Variance CV =

Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. ®) Stcrlérygan
Fruits 13.5610.1506.1727.1945.2347.1212.8416.2631.1739.1241.4321.25 25.96  195.3 53.8
Mature leaf 47.1211.9405.7510.0709.9605.4626.1623.1248.0950.7648.1161.90 29.04  396.9 68.6
Young leaf 11.1629.9831.6939.2233.1334.1842.1006.9704.1303.8904.7506.97 20.70  218.6 71.4
Seed 03.1D4.9106.9601.7400.8800.9701.4201.6501.3300.6100.1001.18 2.07 3.6 92.2
Young shoot00.8601.7602.2904.1101.7300.6600.8701.4202.5600.3100.8700.54 1.50 11 69.2
Inflorescence - 01.8902.8100.7600.8900.4100.6800.9401.16 - 00.65 - 0.85 0.6 92.8
Bark 00.4100.1200.34 - 00.32 - 00.8600.1100.26 - 00.1400.12 0.22 0.1 104.6
Flower 09.7718.2630.6409.2302.8602.5511.6144.1709.4502.1501.7403.48 12.16  157.4 103.2
Petiole 00.62 - 00.7100.84 - 00.4300.6600.7400.2200.2600.1200.46 0.42 0.1 67.7
Leafbud 00.98)0.4803.5300.9100.6700.5900.3900.9800.1200.6700.4200.69 0.87 0.7 96.4
Rhizome 01.992.9702.10 - 00.5400.62 - 00.3400.4000.8500.9301.55 1.02 0.8 87.1
Insects 09.230.11 - 02.6800.8503.3500.7701.43 - 00.48 - 00.23 2.43 11.6 139.9
Stone licking00.3206.1605.2701.16 - 01.2200.53 - 00.3700.3400.3301.14 1.40 3.9 141.3
Soil eating  00.630.45 - 00.5400.18 - 00.3800.95 - 00.1600.4100.32 0.33 0.1 83.9
Water 00.1700.8201.4901.3302.6502.1200.7200.9100.4800.19 - - 090 0.7 90.5
Waste 00.10 - 00.2500.2100.1100.32 - - 00.2600.21 - 00.16 0.13 0.0 85.9
Total 99.99 100 100 99.99100 100 99.999.99 100 100 100 99.9900.00 0.0 0.0

4.1.4.1.6 Food intakein grams

In the preceding chapter results 4.1.4.1.5, thes tgpent on feeding by Assamese
monkeys was investigated. There were few significasults. Most differences were

due to seasonable effects. However only time spastcompared which can give just
an estimate of the real food intake. Thus it isifistance possible, that a monkey, that

eats fast, gets actually more food in the same $ipagé than a monkey eating slow.

Among the different food categories, stone lickisgjl eating, water drinking and
waste eating calculations in grams were not passitione licking consists of nothing
to count. The weight for water could not be estadan the freely feeding condition

of this study.
4.1.4.1.7 Monthly variation in food intake

The monthly mean food intake in grams for an addtividual of KFAST and
BFAST was calculated. For an adult individual of AFT, the mean food intake in

March 971.56 grams (Table 22) was the highest andune 862.17 grams, April

80



811.05 grams, May 779.43 grams and July 703.21 grdime lowest intake was in
February (314.03 grams). For an adult individuaBBAST, the mean food intake in
March 898.73 grams (Table 22) was the highest andune 885.51 grams, May
794.33 grams, April 737.68 grams and July 653.@2ngt The lowest intake was in
February (281.62 grams). This shows that in nealtlgry and cold months they ate
less weight. This might be related to the availgbdf a lower variety of food items
(e.g. mature leaf) in this time of the year. It htigpe possible that the Assamese

monkeys eat less in cold months because no healyygof food is available.

The monthly food intakes in grams were tested #wheother among the months in
both the study area (Kaligandaki and Budhigandakie intake in the months of
March and June was significantly higher to the dataAugust to February (7
months). Similarly the intake in the months of Apkay and July was significantly

higher to August, October, November, January aruiuaey.

Table 22: Monthly mean food intake for an adult individudl WFAST and BFAST (in grams per
statistical day)

Month KFAST BFAST
(per individual food in grams) (per individual food in grams)

February, 2015 314.03 281.62
March 971.56 898.73
April 811.05 737.68
May 779.43 794.33
June 862.17 885.51
July 703.21 653.02
August 330.06 332.75
September 453.88 403.97
October 386.94 346.28
November 323.49 292.89
December 417.16 373.22
January, 2016 342.35 301.12
Mean per st. day 557.94 525.09

Paired t-test shows that average for KFAST and BFASr individual food intake
differ significantly.
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4.1.4.17.a Monthly variation of fruit intake

The mean intake of fruits per year in grams wad@%. (S = 245.39, CV = 57.61)
for KFAST and 29.54% (5= 197.04, CV = 46.08) for BFAST. This food categor
recorded the highest rank (first position of infe&mong all the categories of foods in
both the study area. There were two peaks with mghn intake of fruits. One peak
was in June and July (Fig. 22) and another peakinvlievember and December. The
highest mean intake of fruits in grams was founduty 53.10% (Fig. 22, Table 23)
and June 48.85% for KFAST and in July 53.65% (ERy.Table 24) and June 51.62%
for BFAST. The lowest mean intake of fruits in gsamas found in April (06.19%)
and March (07.83%) for KFAST and in April (11.10%)r BFAST. The fruit
availability was highly seasonal in the foresttlse patterns of fruit intake data were
fluctuated with the months.
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Figure 22: Monthly distribution of fruit intake for KFAST anBFAST (in gram % of mean intake)

41.4.17b  Monthly variation of matureleaf intake

The mean intake of mature leaves per year in graass26.67% (5= 334.12, CV =
68.54) for KFAST and 26.34% S 399.51, CV = 81.77) for BFAST. Mature leaves
ranked the second position for intake of food i ftiajor food categories.

For KRB forest, the intake was highest in Januaryl®% (Fig. 23, Table 23)
followed by February 51.23% and very close to thisk was December 49.22%. The
lowest mature leaves intake was recorded in A@1.{6%) followed by May
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(08.31%) and very close to this rank were June5@®) and July (09.88%). For BRB
forest, the intake was highest in January 62.63%. (3, Table 24) followed by
February 49.16%, December 49.78% and very closthitorank were November
43.40% and October 39.10%. The lowest mature leentake was recorded in July
(04.33%) followed by April (04.34%) and very clagethis rank were June (05.65%)
and May (06.08%). This shows the distribution flated tremendously and
significantly in the course of the year. The ddtaves the increasing trend of mature
leaf intake by the Assamese monkeys from Octobdfeloruary in both the study
area. This is due to the availability of matureviesin these months rather than other
food items in the forest.
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Figure 23: Monthly distribution of mature leaf intake for KA and BFAST (in gram % of mean
intake)

4.1.4.1.7c  Monthly variation of young leaf intake

The mean intake of young leaves per year in graes 20.40% (5= 205.97, CV =
70.35) for KFAST and 21.96% {$ 203.03, CV = 61.69) for BFAST. Young leaves
ranked the third position for intake of food in threajor food categories. For KRB
forest, the intake was highest in August 46.06%.(E#4, Table 23) followed by May
39.10% and very close to this rank were June 31,1Rfly 28.14%, March 27.11%
and April 26.92%. The lowest young leaves intakes wacorded in February
(04.71%) followed by December (05.64%) and veryselto this rank were January
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(07.30%) and November (07.42%). For BRB forest,ititeke was highest in August
44.65% (Fig. 24, Table 24) followed by May 37.26%ly 35.10% and very close to
this rank were April 33.47%, March 32.42% and J32e12%. The lowest young

leaves intake was recorded in December (06.82%9weld by November (06.88%)

and very close to this rank were October (07.16¥ahuary (08.14%) and February
(08.31%). This shows the distribution fluctuateshtendously and significantly in the
course of the year. The data shows the increasemgl tof young leaf intake by the

Assamese monkeys from March to August in both thdysarea. This is due to the
availability of young leaves in these months anelséhconstitute the high nutritive
value for Assamese monkeys.
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Figure 24: Monthly distribution of young leaf intake for KFASand BFAST (in gram % of mean
intake)

4.1.4.17d Monthly variation of seed intake

The mean intake of seeds per year in grams wa®@($= 4.58, CV = 72.83) for
KFAST and 2.71% (5= 5.26, CV = 83.26) for BFAST. For KRB forest, timtake
was highest in March 06.23% (Fig. 25, Table 23lpfeed by September 06.21% and
very close to this rank was April 05.93%. The loiveseds intake was recorded in
December (00.18%). For BRB forest, the intake wghkdst in April 07.46% (Fig. 25,
Table 24) and very close to this rank was Marcle@%. The lowest seeds intake was
recorded in December (00.22%). Assamese monkeygudrgly fed seed of
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Castanopsis indicavailable during winter seasons and seedridaema tortuosum

available during summer seasons.
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Figure 25: Monthly distribution of seed intake for KFAST aB&#AST (in gram % of mean intake)

4.14.1.7.e Monthly variation of young shoot intake

The delicate young tip part of plants and branchese eaten by Assamese monkeys
during all months of the year in both the studyaafEhe mean intake of young shoot
per year in grams was 2.88%(S 7.39, CV = 94.48) for KFAST and 1.91%*(S
3.07, CV = 88.51) for BFAST. For KRB forest, théake was highest in May 08.95%
(Fig. 26, Table 23) and very close to this rank Wasil 06.57%. The lowest young
shoot intake was recorded in December (00.53%pviatl by August (00.54%) and
very close to this rank was January (00.75%). HRBBorest, the intake was highest
in May 06.29% (Fig. 26, Table 24) and very closéhis rank was April 04.35%. The
lowest young shoot intake was recorded in Noveni@@#1%) and very close to this
rank was July (00.46%). This shows that the mondigyributions were significant.
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Figure 26: Monthly distribution of young shoot intake for KEA and BFAST (in gram % of mean
intake)

4.1.4.1.7f Monthly variation of inflorescence intake

The mean intake of inflorescence per year in grams 1.06% (5= 1.17, CV =
76.59) for KFAST and 0.83% {$ 0.53, CV = 66.98) for BFAST. For KRB forest,
the intake was highest in April 03.66% (Fig. 27plEa23) and very close to this rank
was March 02.34%. The lowest inflorescence intak&s wecorded in January
(00.26%) and very close to this rank were June4@®) and September (00.52%).
There were no found the intake data of infloreseedaring the months of July,
August and December. For BRB forest, the intake mrgkest in April 02.92% (Fig.
27, Table 24). The lowest inflorescence intake weorded in July (00.31%) and
very close to this rank was December (00.43%). & megre no found the intake data

of inflorescence during the months of February, &uoker and January.
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Figure 27: Monthly distribution of inflorescence intake foFRST and BFAST (in gram % of mean
intake)

41.4.17.g Monthly variation of bark intake

The mean intake of bark per year in grams was 0.28% 0.12, CV = 81.96) for
KFAST and 0.30% (5= 0.03, CV = 48.35) for BFAST. For KRB forest, timtake
was highest in February 01.21% (Fig. 28, Table 23k lowest bark intake was
recorded in January (00.11%) and during most ofntioaiths the intake data were
below 1%. There were no found the intake data df baring the months of March,
April, August and October. For BRB forest, the kdawas highest in February
00.76% (Fig. 28, Table 24). The lowest bark intakas recorded in December
(00.10%) and during all the months of the yearitit@ke data were below 1%. There
were no found the intake data of bark during theattn® of May, July and November.

Assamese monkeys mostly preferred barkiofis hispidaas food.
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Figure 28: Monthly distribution of bark intake for KFAST amFAST (in gram % of mean intake)

4.1.4.1.7.h  Monthly variation of flower intake

The mean intake of flower per year in grams wa®7%. (S = 184.65, CV = 96.59)
for KFAST and 12.90% (5= 150.12, CV = 93.86) for BFAST. Flowers rankeé th
fourth position for intake of food in the major th@ategories. The flowers are the
highly seasonal. There were two peaks of exploiatf flowers in this study. One
peak was in April and another peak was in SeptentmerKRB forest, the intake was
highest in September 45.81% (Fig. 29, Table 23)wemy close to this rank was April
34.38%. The lowest flower intake was recorded ircddeber (01.23%). For BRB
forest, the intake was highest in September 39.(8o 29, Table 24) and very close
to this rank was April 32.76%. The lowest floweltake was recorded in July
(01.47%).
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Figure 29: Monthly distribution of flower intake for KFAST @BFAST (in gram % of mean intake)

4.1.4.1.7. Monthly variation of petioleintake

The mean intake of petiole per year in grams wa4%.(S = 0.08, CV = 41.88) for
KFAST and 0.44% (5= 0.04, CV = 39.01) for BFAST. This is only onetbé result
that shows the same gram percentage of petiol&enta both the study area. For
KRB forest, the intake was highest in May 01.17%g.(B0, Table 23). The lowest
petiole intake was recorded in November (00.32%) during almost all the months
except May the intake data were below 1%. Thereewner found the intake data of
petiole during the months of February, July, Sefenand October. For BRB forest,
the intake was highest in February 00.93% (Fig. 3ble 24). The lowest petiole
intake was recorded in December (00.17%) and dwaihtpe months of the year the
intake data were below 1%. There were no foundrttake data of petiole during the
months of March and June.
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Figure 30: Monthly distribution of petiole intake for KFASThd BFAST (in gram % of mean intake)

4.1.4.1.7.) Monthly variation of leafbud intake

The mean intake of leafbud per year in grams wa8%.(S = 0.23, CV = 51.41) for
KFAST and 0.70% (5= 0.05, CV = 33.44) for BFAST. This result shovearly the
same gram percentage of leafbud intake in bothstindy area. For KRB forest, the
intake was highest in April 02.01% (Fig. 31, TaB®). The lowest leafbud intake was
recorded in August (00.38%) and during most of mienths the intake data were
below 1%. There were no found the intake data afbled during the months of July
and September. For BRB forest, the intake was Bighe April 01.23% (Fig. 31,
Table 24). The lowest leafbud intake was recordeddatober (00.37%) and during all
the months of the year except April the intake detee below 1%.
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Figure 31: Monthly distribution of leafbud intake for KFASThd BFAST (in gram % of mean intake)

4.1.4.1.7.k Monthly variation of rhizomeintake

The mean intake of rhizome per year in grams w22%.(S = 1.42, CV = 81.12) for
KFAST and 1.02% (5= 0.29, CV = 49.98) for BFAST. For KRB forest, timtake
was highest in January 03.38% (Fig. 32, Table 28Bpwed by March 03.12% and
very close to this rank were February 02.33% andlI82.32%. The lowest rhizome
intake was recorded in August (00.21%) and durirggtnof the months the intake
data were below 1%. There were no found the intd@ of rhizome during the
months of May and June. For BRB forest, the intaks highest in February 02.52%
(Fig. 32, Table 24) followed by March 02.12% andyvelose to this rank were
January 01.82% and April 01.33%. The lowest rhizam@ke was recorded in
September (00.44%) and during most of the montasritake data were below 1%.
There were no found the intake data of rhizome nduthe months of May and
August. Rhizome oDioscorea bulbiferavas the most preferred food by Assamese

monkeys.
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Figure 32: Monthly distribution of rhizome intake for KFASThd BFAST (in gram % of mean intake)

4.1.4.1.7.1 Monthly variation of insect intake

The mean intake of insect per year in grams wag%2.(8 = 11.69, CV = 109.99) for
KFAST and 1.35% (5= 2.58, CV = 112.82) for BFAST. For KRB forestettntake
was highest in March 09.62% (Fig. 33, Table 23).sMavailable insects were
caterpillars. Assamese monkeys frequently fed tlcaserpillars as food when other
food items were less available in the forest. Tdwveelst insect intake was recorded in
December (00.18%) and during most of the monthdrtake data were below 1%.
There were no found the intake data of insect dutire months of June, August,
September and November. For BRB forest, the inteke highest in March 05.17%
(Fig. 33, Table 24) and very close to this rank Wwabruary 04.79%. The lowest
insect intake was recorded in January (00.12%)camthg most of the months the
intake data were below 1%. There were no foundrttake data of insect during the

months of April, October and December.
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Figure 33: Monthly distribution of insect intake for KFAST @aBFAST (in gram % of mean intake)

Table 23: Monthly distribution of food categories for KFAKIh gram % of mean intake)

Items 2015 2016 Mean Variance CV=Std-

) mean

Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. ratio
Fruits 16.86 07.83 06.19 27.73 48.85 53.10 14.12 18.42 32.03 39.11 40.85 21.18 27.19 245.39 57.61
Mature leaf 51.2314.52 07.76 08.31 09.66 09.88 27.23 16.77 31.87 36.39 49.22 57.17 26.67 334.12 68.54
Young leaf 04.7127.11 26.92 39.10 31.12 28.14 46.06 10.02 11.27 07.42 05.64 07.30 20.40 205.97 70.35
Seed 03.4206.23 05.93 02.16 01.15 00.76 02.69 06.21 03.01 02.33 00.18 01.19 2.94 4.58 72.83
Young shoot 02.15 04.98 06.57 08.95 02.34 01.23 00.54 01.16 04.13 01.20 00.53 00.75 2.88 7.39 94.48
Inflorescence01.36 02.34 03.66 01.02 00.43 - - 00520184 01.28 - 00.26 1.06 1.17 76.59
Bark 01.21 - - 00.3300.24 00.18 - 00.43 - 00.37 00.48 00.11 0.28 0.12 81.96
Flower 09.5222.21 34.38 10.03 04.37 02.11 08.31 45.81 14.24 10.07 01.23 06.54 14.07 184.65 96.59
Petiole - 00.8500.82 01.17 00.65 - 00.46 - - 00.32 00.41 00.63 0.44 0.08 41.88
Leafbud 01.1401.19 02.01 00.72 01.18 - 00.38 - 00.56 00.64 00.53 00.98 0.78 0.23 51.41
Rhizome 02.3303.12 02.32 - - 00.44 00.21 00.65 00.63 00.86 00.74 03.38 1.22 1.42 81.12
Insects 06.0709.62 03.43 00.48 - 04.16 - - 0042 - 00.18 00.51 2.07 11.69 109.99

Total 100 100 99.99100 99.99 100 100 99.99 100 99.9999.99 100 100.00 0.0 0.0
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Table 24: Monthly distribution of food categories for BFASIh gram % of mean intake)

Items 2015 2016 Mean Variance CV =
(SH Std-
Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. mean
ratio
Fruits 18.4316.32 11.10 32.71 51.62 53.65 17.72 19.23 34.14 41.67 38.12 19.74 29.54 197.04 46.08

Mature leaf 49.1610.91 04.34 06.08 05.65 04.33 19.57 21.18 39.10 43.40 49.78 62.63 26.34 399.51 81.77
Young leaf  08.3132.42 33.47 37.26 32.12 35.10 44.65 11.21 07.16 06.88 06.82 08.14 21.96 203.03 61.69
Seed 02.2306.69 07.46 02.50 01.18 00.57 03.66 03.31 02.44 00.98 00.22 01.32 2.71 5.26 83.26

Young shoot 01.12 02.10 04.35 06.29 02.23 00.46 00.74 01.95 01.83 00.41 00.82 00.65 1.91 3.07 88.51

Inflorescence -  01.37 02.92 00.98 00.94 00.31 00.72 01.10 01.22 - 0043 - 0.83 0.53 66.98
Bark 00.76 00.35 00.43 - 00.47 - 00.6500.31 00.29 - 00.10 00.16 0.30 0.03 48.35
Flower 10.8421.91 32.76 11.42 03.74 01.47 10.36 39.12 12.23 04.16 01.95 04.62 12.90 150.12 93.86
Petiole 00.93 - 00.61 00.47 - 00.32 00.83 00.65 00.46 00.54 00.17 00.33 0.44 0.04 39.01

Leafbud 00.9100.64 01.23 00.87 00.85 00.49 00.54 00.76 00.37 00.71 00.62 00.46 0.70 0.05 33.44

Rhizome 02.5202.12 01.33 - 00.71 00.63 - 00.44 00.76 00.92 00.97 01.82 1.02 0.29 49.98
Insects 04.7905.17 - 01.41 00.48 02.67 00.56 00.73 - 00.32 - 00.12 1.35 2.58 112.82
Total 100 100 100 99.999.99 100 100 99.99 100 99.99 100 99.99100.00 0.0 0.0

4.1.4.2 Other major behaviors

The behavior of Assamese monkeys was recorded by attivities that they
performed during the observation period and dateewellected using focal animal
sampling method. All of their activities were graapinto four major categories. They
were foraging, resting, moving and grooming. Thegua of activity was influenced
by various factors like the seasons, food, hab#tat, There was no particular time for
agonistic behavior. They showed agonistic behawioany time during foraging,

resting, moving and grooming.
4.1.4.2.1 Resting behavior

Resting is the state when the position of Assamesekeys are either sitting or lying
with or without eye close and not active in othetinaties.

During the winter season, the Assamese monkeys abh khe river system

(Kaligandaki and Budhigandaki) were seen in respiogjition in the morning and late
afternoon. At the time of summer months, they wsgen in resting position in mid
afternoon. Among the total observation time in KRIf& total resting time spent by
KFAST was 197.8 hours and the percentage resting was calculated as 27.63%

(Table 25). Among the total observation time in BRB, the total resting time spent
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by BFAST was 171.2 hours and the percentage restmeggwas calculated as 24.78%
(Table 26). The mean resting time spent by twopsowas 184.5 hours and in

percentage it was 26.20%.
4.1.4.2.2 Moving behavior

The behavioral phenomenon in which the Assameséaysrdisplace from one place
to another is called moving. Walking, playing andinging are also categorized

under moving activities in my study.

During the observation period, it was found thaythvere moving maximum during
the winter months for feeding than the summer amdyrseason. They were seen
moving at the time of late morning and afternoonmnter months and they were
seen moving at the time of early morning and ewgrdnring summer and rainy
season. Among the total observation time in KRE, tbtal moving time spent by
KFAST was 126.9 hours and the percentage moving tias calculated as 17.72%
(Table 25). Among the total observation time in BB, the total moving time spent
by BFAST was 114.6 hours and the percentage motimg was calculated as
16.58% (Table 26). The mean moving time spent lwytteops was 120.75 hours and

in percentage it was 17.15%.
4.1.4.2.3 Grooming behavior

This is a behavioral phenomenon where Assamese egsrdearch their own fur/hair

or fur/hair of others for lice or bugs or dirts.

During the observation period, the monkeys weremgiag at the time of morning

and pre-afternoon when they were on rest. In wjnileere were three peaks of
grooming i.e., morning, afternoon and evening. Bgisummer, maximum grooming
occurred in morning and afternoon. In rainy seagpopming was at its peak in the
afternoon. There was also auto-grooming in whichamkey searched its own body.

The female mothers were the most active groomarsttie males.
The grooming was significantly higher during thetimg season. Before and after the

copulation, the female started grooming and viagsaie

During the total observation period in KRB, theatajrooming time spent by KFAST
was 96.6 hours and the percentage grooming timecadaslated as 13.49% (Table
25). During the total observation period in the BRI total grooming time spent by
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BFAST was 98.7 hours and the percentage grooming was calculated as 14.28%

(Table 26). The mean grooming time spent by twopgsowas 97.65 hours and in

percentage it was 13.88%.

Table 25: Total time spent in feeding behavior and otheramagtivities of KFAST

SN Behaviors Total time spent
Timein hours Percentage
1. Feeding 294.7 41.16
2. Resting 197.8 27.63
3. Moving 126.9 17.72
4, Grooming 96.6 13.49
Total 716 100

Table 26: Total time spent in feeding behavior and otheramagtivities of BFAST

SN Behaviors Total time spent
Timein hours Per centage
1. Feeding 306.5 44.36
2. Resting 171.2 24.78
3. Moving 114.6 16.58
4. Grooming 98.7 14.28
Total 691 100

The behavioral data shows that BFAST spent more timfeeding (44.36%) as

compared to the feeding time spent (41.16%) of KFABowever, the resting time
(27.63%) of KFAST was higher than BFAST restingdi{24.78%). The moving time
(17.72%) and grooming time (13.49%) of KFAST wererenor less similar with the

moving time (16.58%) and grooming time (14.28%B6&AST.

4.1.5 Crop raiding

Crop raiding was found to be the major problem edusy the Assamese monkeys in

both KRB villages and the BRB villages.

4.1.5.1 Crop raiding in Kaligandaki river basin villages

All the wards of Darlamdanda VDC and Khanichhap VD{CPalpa and Malunga

Tunibot VDC of Syangja became affected by Assamasakeys. Among these

wards, Khanichhap-2, Khanichhap-9, Darlamdanda-@ Rarlamdanda-6 of Palpa
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and Malunga Tunibot-6 of Syangja were found the tmaffected areas by the
monkeys. According to 33 respondents of Darlamda&hdhe total crop loss was
18.98 quintals. Loss of crop at Darlamdanda-6 with respondents was 31.15
quintals. In Khanichhap-2, it was 1.97 quintalspmsled by 8 people. Damage of
crop at Khanichhap-2 was 2.3 quintals and it wagjRintals at Khanichhap-9.

In Malunga Tunibot-6, the total crop loss was reeor 42.04 quintals responded by
29 people. Raj Kumar Shrestha, a local farmer, thasmost suffering farmer with
11.4 quintals crop loss by the monkeys in whicls loE maize, wheat, millet, fruits,
lentil, broad beans and mustard were 5.4, 1.8, @®, 0.3, 0.3 and 1.2 quintals
respectively. This may be due to the proximity adpcfield to nearest forest is less
than 100 m.

Table 27: Villagewise crop damage in quintal by Assamesekags in KRB

SN Name of village Quintals
1. Darlamdanda-Ramdi village 18.98
2. Sunadi village 31.15
3. Khanichhap-Ramdi village 1.97
4. Bardanda village 2.3

5. Padhari village 2.2

6. Syangja Ramdi village 42.04

Among the cropsZea mayg47.14%) was recorded the highest crop loss fatbly
fruits (16.43%), Triticum aestivum(11.13%), Pennisetum glaucur(b.72%), Oryza
sativa(4.58%),Solanumtuberosum(4.27%),Lens culinaris(4.07%),Brassica nigra
(1.26%), Cucurbita pepa(1.14%), brown lentil (0.81%)Yicia faba(0.8%), sesham
(0.6%), Vigna mungo(0.35%), cauliflower (0.14%) andolanum lycopersicum
(0.1%) (Fig. 34).
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Figure 34: Percentage of crop raid by Assamese monkeys in {Rijes

In KRB villages, 13.8 hectares area was recordistt@d by the monkeys. Total crop
yield was expected to be 327.75 quintals but 028.23 quintals yield was observed.
This shows 98.52 quintals loss of crops by the magakLoss of crops in quintal is

mentioned below (Table 28).

Table 28: Individual crop loss in quintal by Assamese morikieyKRB

SN Crops Quintals SN Crops Quintals
1 Maize 46.45 9 Pumpkin 1.13
2 Fruits 16.19 10 Brown lentil 0.8
3 Wheat 10.97 11 Broad beans 0.79
4 Millet 5.64 12 Sesham 0.6
5 Rice 4,52 13 Black pulses 0.35
6 Potato 4.21 14 Cauliflower 0.14
7 Lentil 4.01 15 Tomato 0.1
8 Mustard 1.25

4.1.5.2 Crop raiding in Budhigandaki river basin villages

The villages (Kalleri, Ratmate, Tarebhir, ChaliBasanta, Kostar and Jharlanditar) of
Salang VDC of Dhading and Baseri and Majhitar gdla of Ghyalchok VDC of

Gorkha were recorded affected by Assamese monkeysng these, Baseri, Majhitar
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and Kalleri were found the most affected villagAscording to 23 respondents of
Kalleri, 54.6 quintals of crop loss was recordedsKi Ram Darlami, a local farmer,
was suffered by highest crop loss (6 quintals)igyrhonkeys. The proximity between
crop field and nearest forest was about 200 m. dtmfate, it was 4.5 quintals loss
responded by 2 people. 9.6 quintals damage wasabfiir by 3 respondents. 2
people responded 1.5 quintals damage at Chalidageil Basanta, Kostar and

Jharlanditar villages were recorded 4.8, 5.7 aBdjQintals crop damage respectively.

Baseri village was recorded 70.5 quintals crop lassording to 25 respondents.
Sabitri Gurung’s crop field was highest loss with @uintals. This may be due to the
proximity of crop land to the nearest forest waswhlO0 m. Crop loss in Majhitar
village was recorded 82.04 quintals responded bypd@ple. Two local farmers
namely Resham Lal Shrestha and Bir Bahadur GurMpgrienced highest crop loss
(5.4 quintals each) in Majhitar village. The reasoay be the proximity of crop land

to the nearest forest was less than 100 m.

Table 29: Villagewise crop damage in quintal by Assamesekags in BRB

SN Name of village Quintals
1 Kalleri village 54.6
2 Ratmate village 4.5
3 Tarebhir village 9.6
4 Chalise village 15
5 Basanta village 4.8
6 Kostar village 5.7
7 Jharlanditar village 0.9
8 Baseri village 70.5
9 Majhitar village 82.04

Among the cropsZea may458.43%) was recorded the highest crop damagavietl
by Oryza sativa(11.34%), Lens culinaris (8.74%), Arachis hypogaea(4.35%),
Glycine max(4.18%), Triticum aestivum(3.22%), fruits (2.97%),Vigha mungo
(1.87%), Solanum tuberosun{l1.67%), sesham (0.92%5olanum lycopersicum
(0.79%),Pennisetum glaucurf®.67%),Brassica nigra(0.36%), Vicia faba(0.25%),
brown lentil (0.18%) an€ucurbita pepd0.06%) (Fig. 35).
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Figure 35: Percentage of crop raid by Assamese monkeys in @iRBjes

In BRB villages, 32.21 hectares area was recordéectad by monkeys. The

expected total crop yield was 951.15 quintals HUt.G1 quintals was recorded yield.

This shows 234.14 quintals crop damaged. Damageopl in quintal is mentioned
below (Table 30).

Table 30: Individual crop loss in quintal by Assamese morsigyBRB

SN Crops Quintals SN Crops Quintals
1 Maize 136.81 9 Potato 3.91
2 Rice 26.55 10 Sesham 2.15
3 Lentil 20.46 11 Tomato 1.85
4 Peanut 10.19 12 Millet 1.56
5 Soyabean 9.80 13 Mustard 0.84
6 Wheat 7.54 14 Broad beans 0.58
7 Fruits 6.95 15 Brown lentil 0.42
8 Black pulses 4.38 16 Pumpkin 0.15
4.2 Discussion

4.2.1 Population status and distribution

In this study, Assamese monkeys in KRB (Ramdi taiRahal) and BRB (Benighat

to Arughat) was found to be distributed in fivefeient blocks (two blocks for
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Kaligandaki and three blocks for Budhigandaki). dtat of 85 individuals in five
different troops were recorded in which 24, 18, 18,and 14 from Palpa (Palpa
troop), Syangja (Syangja troop), Dhading (Rigdikhd&toop), Gorkha (Rockybhir
troop) and also Gorkha (Siurenitar troop) respetyivHowever, Chaliset al (2013)
had recorded 166 individuals of Assamese monkeyls Witroops in SNNP; troop
size recorded was 15 from Rholche/Cha-gaun, 12 fidi@habhir, 27 from
Alchhe/Sikrekhola, 29 from Sinche, 35 from Fulbgate, 31 from Raniban and 17
from Sanagaun-Mudkhu. This shows higher in numioer population due to being
this SNNP as protected area whereas KRB and BRBitai@ed outside the protected
areas. Paudel and Chalise (2018) had recordedoindation of Assamese monkeys
in Baglung and Parbat of KRB with four troops indéferent blocks having 47
individuals in which 16, 15, 13 and 3 from Aduwa®dang, Dhairing and Balewa
respectively. This is similar to present study lseaof similar type of geology in
these areas. Adhikaet al (2018) had recorded the population of Assamesekeys
at Ramdi of KRB having total 48 individuals with awdifferent troops; 27 (Palpa
troop-A) and 21 (Syangja troop-B). This is similapresent study of KRB.

Ross and Reeve (2003) reported that wild primajeuladion typically involves a
considerable investment of time and resource. Thesssting resources may not be
enough for primate survey in mountainous topografiyalise (2000) recorded 7
troops of Assamese monkeys in MBCA in 1997 withO7gboup size and 1:2.03 was
of adult male to female ratio. In 1998 in same ahearecorded 1:1.9 adult male to
female ratio with 13-27 group size in 4 differembdps. Southwicket al (1964)
recorded two Rhesus troops in Bengal with 10-2%ugreize and 1:1.7 was of adult
male to female ratio. Regmi and Kandel (2008) regubr9 troops of Assamese
monkeys in LNP with 13-23 troop size and 1:1.92 whadult male to female ratio.
Adhikari (2013) recorded 3 Assamese troops in Lagjwith 13-25 group size and
1:2.14 was of adult male to female ratio. Pauddl @halise (2018) reported 4 troops
of Assamese monkeys with 3-16 troop size in Bagland Parbat, KRB VDCs and
1:0.81 was of adult male to female ratio. Wherdues gresent study recorded five
Assamese monkey troops (two in KRB and three in BR®I observed troop size
varies from 13-24 individuals similar to Chalise998), Southwicket al. (1964),
Regmi and Kandel (2008) and Adhikari (2013).
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The adult male to female sex ratio of Assamese phioops observed in this study
was 1:1.83 (6 males and 11 females) for KRB andas 1:1.5 (8 males and 12
females) for BRB. This shows the adult sex ratiopoésent study Kaligandaki
(1:1.83) is similar to Southwickt al (1964), Chalise (1998) and Regmi and Kandel
(2008) while the adult sex ratio of present studydBgandaki (1:1.5) is slightly
variable to that of the above stated ratios. Both adult sex ratios (Kaligandaki
1:1.83 and Budhigandaki 1:1.5) of present studyag@arently not similar to that of
Chalise (1997), Adhikari (2013), and Paudel and li€da(2018). The reason is
macaques live in multi-male, female-kin bonded go@nd male to female ratio
ranges from 1:2.2Macaca radiateto 1:9 Macaca nemestriangFeeroz, 1996), so
Macaca assamensiglso prefer same like as other macaques. Habya (2003)
recorded 1.43 group/Knand 0.737 group/kfrgroup densities of Japanese macaques
in disturbed and undisturbed area in Yakusima, dapegmi and Kandel (2008)
recorded 0.0790 group/Krgroup density of Assamese macaques in LNP. Paundel a
Chalise (2018) recorded Assamese macaque groupitydeéh816 group/kr in
Baglung and Parbat while in this study the groupsdg of Assamese macaques was
0.025 group/krh for KRB and 0.015 group/kinfor BRB. Hanyaet al (2003)
calculated population density 22.9 and 11.8 indigd/knf in disturbed and
undisturbed area respectively in Yakusima, Japah ™ mean group size. Regmi
and Kandel (2008) calculated Assamese macaque agapul density 1.8691
individuals/knf with 23.66 mean group size. Adhikari (2013) reeord0.28
individuals/knf population density of Assamese macaques with 1#H6&n group
size in Lamjung. Paudel and Chalise (2018) recofdéd individuals/krh population
density of Assamese macaques with 11.75 mean gizepin Parbat and Baglung
while in this study, Assamese monkey populationsitgrwas 0.52 individuals/kfn
with 21 mean group size for KRB and 0.22 individuia? with 14.33 mean group
size for BRB. The variation in density of macaquesy be due to the lack of proper
rules, regulation and effective implemention by gmment to protect the population
of macaques.

Ale (2010), using line transect method, recordé® 4angurs/krh population density
of Highland langurs in LNP. Wangchuk (1995) repdrel langurs/kmpopulation
density of golden langurs. Paudel and Chalise (R@d&rded the population density
of Assamese macaques in Parbat and Baglung siteOm# individuals/krh but in

this study, the population density of Assamese ouaeswas 0.52 individuals/Krn
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KRB and 0.22 individuals/kfiin BRB. Several studies show that human interfegen
and environmental constrains may affect compositibgroup and group size of the
macaques (Machairat al, 2003). Newly constructed Kaligandaki corridodaonad

constructed along the BRB as well as Budhigandghrdelectric project disturbed
the Assamese macaque population. Furthermore, humerierence and low food

resources may affect group size of macaques.
4.2.2 Habitat analysis

Habitat is an essential component for the animdigres they live, eat food, and
perform their behavioral activities. Different quatk plots and vegetation analysis
revealed that the Assamese monkeys of KRB and BRBbited in sub-tropical
deciduous riverine forest with rocky cliffs habitht this study, the botanical quadrate
sampling (20 mx 20 m) taken in different altitudinal areas of KRBest revealed
that Trichilia connaroideswas the dominant tree species in the forest. $pexies
was followed bySchima wallichij Aegle marmelqgs-icus hispidaand others. But in
BRB forest,Shorea robustavas found the dominant tree species in the foidss
species was followed byAdina cardifolia Lagerstroemia parviflora Spondias
pinnatg Terminalia alata Phyllanthus emblicaMallotus philippensisand others. 37
tree species with 748 numbers were in KRB forest a4 tree species with 756
numbers were in BRB forest. This study revealed Thechilia connaroidesas the
dominant tree species with 35.68% relative deraitgt 8.38% relative frequency in
KRB forest whileShorea robustas the dominant tree species with 29.75% relative
density and 8.87% relative frequency in BRB for&milar to this present study
result was found in Paudel and Chalise (2017) tthmiquadrate size of 20 m20 m

in which 58 plant species with 716 number were méeo at Baglung and Parbat KRB
and the dominant plant species viai®rea robustavith 31.42% relative density and
8.37% relative frequency followed Hyiospyros malabaricavith 10.93% relative
density and 8.37% relative frequency. Aryal and ISka(2013) recorded from
Arkhale and Nayagaun Gulmi through 8 quadratesiz# 85 mx 25 m quadrate
sampling, 23 plant species with 191 number wererdsxl and the dominant plant
species wagPinus ruxberghii with 30.89% relative density and 13.04% relative
frequency followed bySchima wallichiwith 8.34% relative density and 10.87%

relative frequency. Rijal (2014) also laid down @adrates of size 25 m 25 m at
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Nagarjun forest of SNNP by quadrate sampling, 2htpkpecies with 196 number
were recorded and the dominant plant species Sasma wallichiwith 30.89%
relative density followed byMachilus duthieiwith 8.98% relative density and
Castanopsis tribuloideswith 10.87% relative frequency. This indicates ttlle
different topographical and altitudinal variatioeause the change in vegetation

pattern.

Assamese monkeys’ sleeping sites in Nepal are dljpicocky cliffs along hill
evergreen forest (Chalise, 2003). Mitra (2002) regzbthat the species preferred the
rocky terrain and hill slopes in West Bengal, IndRamanet al (1995) recorded
seven of eight sightings in Mizoram, India, werengj cliffs with primary vegetation
and other was also close to the cliff face. Chougif2008) reported the rocky cliffs
with sparse vegetation as an apparently minor a@initBhutan. In western Thailand,
field contacts with the species were in forest bgmrocky mountains (Eudey, 1991).
Fooden (1986) traced no information on such site$ speculated that the species
would be found to sleep in trees. They slept irtrping crags or the large trees in
Huay Kha Khaeng Wildlife Sanctuary (Eudey, 1991)pwsdver, the subsequent
information from different countries shows the wseliffs by the macaques as their
sleeping sites. In present study, in both the KRB 8RB, sleeping sites of the
Assamese monkeys during night time were found ckyreliffs and rocky outcrops
in steep as well as slope areas of the river lrasiks. The colour of the rocks in both
the river system resembled with the Assamese mahkegy colour. This might be
the adaptation of the Assamese monkeys with thé@atamvironment. Cliffs might
serve as sleeping sites for the monkeys. Assamasaques may require steep cliffs
at lower altitudes (KRB and BRB rocks), but theyrait require at higher altitudes as
in Nagarjun troops of SNNP, Nepal where they slaethe trees.

4.2.3 Behavior

Behavior is the response of both the physical df agehabitat condition of animals
(Sarkar, 2000). It may vary from habitat to habitpending upon the resource
distribution. Food, drink, mates and roosting traes the most important resources
for primates which control their activities. Amotigese resources, food seems to be
the most crucial primary factor which regulates-tiaglay activity profiles (Sarkaat

al., 2012). During this study period, five troopsAsfsamese macaques were recorded
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in pre-designed four blocks of KRB and BRB VDCs.uFenajor behaviors were
recorded in both the study field during the studyiqd in which feeding was 41.16%,
resting 27.63%, moving 17.72% and grooming 13.49%KRB and feeding was
44.36%, resting 24.78%, moving 16.58% and groomiid@?8% in BRB whereas
Bhattarai (2002) recorded eating 29.20%, sittin§633valking 28.20%, grooming
6.40%, mating 1.1%, aggresion 0.71% and playin@%.# LNP; Chalise (2003) had
recorded 44% in foraging, 25% in moving, 18% intirgsand 13% in grooming in
MBCA,; Chaliseet al. (2005) recorded foraging 43.4%, moving 31.7%ingjt18.5%,
grooming 3.4% and stone licking 1.7% in LNP; Clalet al (2013) studied a
habituated Assamese monkey troop in SNNP and fel6¥d of the diurnal time
invested in foraging/eating, 19% in resting, 16%0comotion, 12% in sleeping, 6%
in grooming and 1% in playing; Adhikari and Chal{2014) recorded foraging 45%,
locomotion 25%, resting 20% and grooming 10% in juarg; Pandey and Chalise
(2015) recorded 39.53% time in foraging/eating48% time in locomotion, 16.51%
time in grooming while 14.95% time inactive, 6.11i#e in sleeping and 1.43% time
in playing in SNNP; Paudel and Chalise (2017) réedrforaging 47.25%, moving
27.25%, resting 14% and grooming 11.50% in Bagland Parbat of KRB and
Adhikari et al (2018) recorded foraging/feeding 41.10%, res®0g24%, moving
4.65% and grooming 23.99% in Palpa side of Ramdes€ all results are more or
less similar to the present study but in consti@ashis, Zhouet al (2007) reported an
average of 39.6% of time spent in resting, 33.2%maving, 18.3% in feeding, 7.5%
in social behavior and 1.4% in other behaviors.yThether reported the significant
seasonal variations in time investment with theaase in time investment on feeding
during dry season than in rainy season. It is alvibat in natural habitat they should
invest much more time to acquire food than to sperather social activities (Chalise
et al, 2005). The differences in behavioral activitieay be due to different season,
food resources availability and day length as well.

Food plant availability and its distribution prinigrdetermines the time spend on
locomotion of macaques (Sarkar, 2000). Assameseaquas spent 17.72%
(Kaligandaki) and 16.58% (Budhigandaki) time focdmotion which seems near
with Sarkaret al (2012) in forest group of Assamese macaque iraiJBleserved
Forest of Assam as 25% time (range 23-26) for lamn. Similarly, Chalise
(2000a) recorded four major behaviors in MBNP tgkpeophagy into separate
account and found 3 to 4% difference in case oflifegin his study (1997/98)
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invested 29/25%. This study shows 41.16% (Kalighkhdaand 44.36%
(Budhigandaki) time spent on feeding while Sar&aal (2012) reported 40% time
(range 38-45) on feeding. Chalise (2000) recordé4% which is 3 to 4%
difference in case of feeding in his study (19971898) in MBNP. Adhikari and
Chalise (2014) recorded in four different seasangl &6, 45%, 44% and 43% time
spent on feeding in winter, pre-monsoon, monsoah [@st monsoon respectively
with 4% difference.

Animals have to maintain their time spent on loctioroand resting in order to make
a balance of energy demand and supply. Hence tb@wese macaques spent 27.63%
(Kaligandaki) and 24.78% (Budhigandaki) time intireg whereas different time
spent was reported by Sarketr al. (2012) for resting 13% (range 7-20). Similarly,
Adhikari and Chalise (2014) reported 20% time festing in Lamjung while Pandey
and Chalise (2015) recorded 14.95% time for restirigNNP.

Grooming behavior reduces social tension in longnt€Schinoet al, 1988) and
establishes a social bonding among individuals iwithe group (Kurland, 1977).
Assamese macaques in this study spent 13.49% @falaki) and 14.28%
(Budhigandaki) time on grooming. Chopra (1992) r&gmb 14% in grooming by
Rhesus macaque which is similar to present studlyjrbconstrast to this, Bhattarai
(2002) recorded grooming 6.40%, Chalise (2003) nasd grooming 13% similar to
present study, Chaliss al (2005) recorded grooming 3.4%, Chalise (201 3drtel
grooming 6%, Adhikari and Chalise (2014) recordé&dlgrooming, Pandey and
Chalise (2015) reported 16.51% grooming, Paudel @hdlise (2017) recorded
grooming 11.50%, Adhikaret al (2018) reported grooming 23.99% which shows
higher than present study while Zhet al (2007) reported grooming 7.5% that
shows lower than present study. Hence, lacks oaesdcial tension in the Assamese

macaques due to its less size reduce the time spegboming and vice versa.

The higher percentage of feeding time spent dutireg study period in both the
research sites (KRB and BRB) was may be due to tdckufficient food on the
habitats. Due to newly born Kaligandaki corridodanad constructed alongside the
Budhigandaki river as well as Budhigandaki hydro&le project, the habitats of
Assamese macaques are divided into several fragnsenthe macaques also spent

more time for searching their own food in the fores
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4.2.3.1 Feeding behavior

Several studies have revealed that there is dietanyation among primates
(Campbellet al, 2007; Yeager & Kool, 2000). Macaque species hmaen described
as primarily frugivorous (Caldecott, 1986; YeadE®96; O’brien & Kinnaird, 1997;
Andrews, 2003; Riley, 2007). O’brien and Kinnairt997) recorded that crested
black macaquesMacaca nigra spent 66% of feeding time on fruits. A study of
tonkean macaquedM@caca tonkeanain Sulawesi, Indonesia, showed that fruits
accounted for 76.7%-84.4% of their diets (RileyD20 These results are higher than
the present study of Assamese macaghieséca assamengifeeding time spent on
fruits (Kaligandaki 23.80% and Budhigandaki 25.96%)e time investment on fruits
of present study is similar with report from thetdsf Assamese macaques consuming
fruit 23% in Bangladesh (Ahsan, 1994) and clos&ui accounted for 17.4% of the
diet of Assamese macaque in limestone habitatsarfghjang, China (Zhoet al,
2011). However, evidence is steadily accumulatingt teaves contribute a large
proportion of diet in some species (Zhao, 1996;#aR004). For example, Japanese
macaques Macaca fuscatpin the coniferous forest of Yakushima spent 4586 o
feeding time on leaves, and feeding time on frwes only 13% (Hanya, 2004)
similar to the present study on leaves (matureyathg) eating time spent 49.58% in
KRB forest and 49.74% in BRB forest but different fouit eating time. The present
study result also supports 46% time spent on ledyeAssamese macaques in
Bangladesh (Ahsan, 1994) as compared to the higherspent on leaves accounted
for 77.4% of total feeding records by Assamese maes at Nonggang Nature
Reserve of China (Zhoet al, 2011). Even within a species and population,
considerable dietary variation in terms of plané@ps and parts eaten may occur
(Hanyaet al, 2003; Harris & Chapman, 2007). For example, Hagtyal (2003)
found variation in diet amongst Japanese macaquesbiting different altitudinal
zones. Much of these differences can largely bdaamgd as differences in the
temporal availability and spatial distribution olit resources (Hanyat al, 2003;
Hanya, 2004).

Assamese macaques in Kaligandaki and Budhigandakisied majority (>40% in
average) of their diurnal time on feeding (Ghineteal, 2021). They spent more than
half of the diurnal time on feeding and foragingidg the winter months (December-

February) when resources were limited in cold arydogriods. There appears to have
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a strong seasonality in food resources availabititthe area and macaques show
plasticity in food items selection according to ithavailability. Similar to these
findings, Assamese macaques of Nonggang NatureRe<ehina devoted more time
on feeding and less time on resting and groominghendry season (Zhoet al,
2007). Monkeys use low quality of foods such asumateaves for feeding, when

high-quality of foods like fruits and young leavaa® scarce (Zhoet al, 2006).

Kaligandaki and Budhigandaki Assamese macaquestddpfood specialist nature
showing their higher dependence to the less dorhiloaal plants of the habitat. The
dominant plants of the habitat were not alwaysfitls¢ choice of food for Assamese
macaques. The habitat of the Kaligandaki Assamesmques was dominated by the
plant species such dsichilia connaroides Schima wallichii Aegle marmelgsetc.,
however, the most consumed plant parts were fraatively less abundaralbizzia
chinensis The Budhigandaki Assamese macaques inhabit tea @&f higher
abundance dbhorea robustaAdina cordifolig Lagerstroemia parvifloragtc. and the
species third in the rank was the most preferrediqolant. Leaves appeared major
bulk in the diet of Assamese macaques among diffeptant parts. Assamese
macaques are primarily dependent upon leavess famtl seeds though described as

omnivorous (Boonaratared al., 2020).

Assamese macaques are more folivorous in dry seasbmore frugivorous in wet
season. This indicates that they are able to mdt#y diet seasonally. They shift
their preference for major food items seasonallyaikability of food is not even over
the year in highly seasonal habitats, so speciesataely entirely on preferred foods.
They use less preferred fallback foods in theit diging a certain period of the year
(Marshall & Wrangham, 2007). This shows omnivorapecies tune their feeding
patterns according to the availability of seasoresources. Furthermore, climate
change is predicted to have significant effectsptant phenology and vegetation
structure (Chapmaret al, 2005). Fruit production pattern seasonally bezem
sometimes more important in determining the diepamates (Dunret al, 2010).
Seasonal variation in diet of Assamese macaquesclgady linked to the seasonal
fluctuation in availability of food. For exampldye consumption of mature leaves was
dropped during the spring season when they reladity on young leaves. This type
of relationship is widely demonstrated in prima{@wverdorff, 1993; Atsalis, 1999;
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Simmenet al, 2003; Norsicat al, 2006). Animals that live in seasonally changing
environments concentrate on specific food souttasdre available all year round or

vary their diet in relation to seasonal changesviailability (Guoet al, 2007).

Among primates, the extreme dietary specializasorare and most species utilize a
range of food resources as they become availakle 1997). The composition of
diet and feeding behavior are critical factors effeg monkey activity budgets,
because of the tradeoffs between acquisition ofggnand the metabolic cost of
different activities (Altmann, 1974; Milton, 198®0st, 1981; Oates, 1987; Peres,
1993; Passamani, 1998). In general, animals arnegtticto diversify food sources
when consuming leaves to obtain the best suppleofentitrients (Westoby, 1978)
and avoid an overload of particular toxins or didelgty reducing compounds
(Freeland & Janzen, 1974). The Assamese macaquesobserved to visited more
food species when feeding from more leaves duhegity season and are believed to
exhibit higher feeding effort. The results of thegent study are also consistent with
the predictions of optimal foraging theory (MacArth& Pianka, 1966), as when fruit
was reported to be limited, Assamese macaques radpstment to their diet,
consuming more leaves and a greater number ofegppe8bome primates even show
pronounced plasticity in feeding pattern. Also, tabitat characteristics are likely to
influence the foraging behavior of primates. In treestern rain forests and littoral
forests Microcebus spp are highly frugivorous (Atsalis, 1999; Lahann,02})
whereas in dry deciduous forests they feed mainlygom, insect secretions, and
arthropods (Hladiket al, 1980; Radespiett al, 2006). The plasticity eventually
allowed Microcebus sppto co-exist with several other cheirogaleid spgcin
productive site without clear feeding niche separafLahann, 2007).

Several plant species still bore flowers even duthee wet season although most of
the tree species flowered during the dry seasons,Tthere were flowers available
year-round. The study focal troops of Assamese quaesain both the research sites
consumed flowers throughout the study period. Unifiuit available mainly from

January that got ripen at the beginning of the segison after the first heavy rain in
May. Thus, ripe fruits were maximally available ithgrthe rainy season. Despite non-
significant variation on time spending on fruitstween dry and wet seasons, time
devoted in feeding fruit was highest in July (Kahglaki 49.14% and Budhigandaki
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47.12%). Though fruits were available year-rouh@ytwere suitable food source for
Assamese macaques. Fruits, particularly maturésfrare richer in sugar and more
rapidly converted into energy than leaves (Richd@85). Some fruits that were
available during the day season have hard outerdaand are fibrous with no or only
very little flesh and are thus either not accessdyl might not provide enough usable
energy for Assamese macaques. The consumption pef friuit is seasonally
dependent, eaten more in the wet season, althdwegleamposition of unripe fruit
remains relatively similar across the year. Thoyglung leaves are consumed
throughout the study period, the proportion of ypleaves increases throughout the
dry season and the mature leaves being eaten amlpgdthe dry season may
compensate nutritionally for the lack of availabj@e fruits in the dry season. Howler
monkeys were also reported to maximize fruit intakeen it is available and that
when fruit is scarce they switch to a diet consgtlmost entirely of leaves (Milton,
1980; Glander, 1981; Estrada, 1984; Sileeal, 1998).

Food abundance and climatic factors can signiflgaaffect the behavior of animals
and constrain their activity budgets. The populatid western black crested gibbons
(Nomascus concolprin Mt. Wuliang lives in montane forest and is sdoto the
northern extreme of the distribution for gibbonsylgthatidae). Their habitats show
remarkable seasonal variation in terms of foodlaldity, temperature, and rainfall
(Ning et al, 2019). To understand behavioral adaptations estevn black crested
gibbons to different sets of ecological conditioming et al (2019) examined
relationships among food availability, mean tempers rainfall, and behavior
patterns by observing two groups for one year eddteir results revealed that
activity budget was affected by food availabilitydamean temperature. The gibbons
spent more time eating flowers when that resourag mvore available and spent less
time moving when fruit was more available. The gibb spent less time feeding and
more time resting, and spent less feeding timeroi &nd leaves when the mean
temperature was lower. These results suggesthbaiibbons displayed a pronounced
preference for flowers as a food resource and adogptime minimizer strategy when
high-nutrient food items (i.e., fruit) were moreadable. In addition, the gibbons
adopted an energy-conserving strategy during periofd low temperature. The
flexibility of behavioral patterns in responding fimod availability and temperature
may potentially improve the gibbons’ prospects ofvaZing and reproducing in a
northern montane forest (Nirgg al, 2019).
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Although my study sites are located in sub-tropizadad-leaf riverine forest area,
fruit consumption of Assamese macaques at KRB aR@ B much lower than
tropical macaques such Bscaca fascicularis66.7% (Yeager, 1996M. nigra: 66%
(O’brien & Kinnaird, 1997),M. brunnescens90.4% (Andrews, 2003), ani.
tonkeana 76.7-84.4% (Riley, 2007), and more similar to -$udpical speciedM.
assamensisl7.4% (Zhouet al, 2011) and temperate species suchMaduscata
yakui 13% (Hanya, 2004) antl. mulatta 9% (Goldstein & Richard, 1989). The
difference is, at least partly, explained by thassmal scarcity of fruit in Kaligandaki
and Budhigandaki habitats. Many studies have shavetrong correlation between
rainfall and fruit production, and that little ftus available in the dry season (Li &
Rogers, 2006; Zhoet al, 2006). Thus, it seems that the lean period whein is
uncommon is longer in this region than in the tespihere fruit is more or less
available year round (Yeager, 1996; Riley, 200Txtlrermore, Assamese macaques
at Kaligandaki and Budhigandaki spent most mainte@aactivities on the steep
slopes and rocky areas with patchy forest. Theyukatly forage in open bushy and
shrubby lands with low fruit availability (Chalig al, 2013). This further decreases

fruit availability for Assamese macaques.

Assamese macaques have an enlarged caecum andasdlom primary fermentation
chamber, which enhances their digestive abilitiedigjest large amounts of fiber-rich
foods (Lambert, 1998; Hanya, 2004). This physiatagfact suggests that Assamese
macaques may have an ability to digest large amsoahftfiber-rich food such as
mature leaves, young leaves, bark, petiole, leaflmid. Compared with mature
leaves, young leaves are preferred foods for pemdtecause they have higher
nutritional quality such as for protein and are éown fiber and secondary compounds
(Richard, 1985). Although the availability of youteaves decreased markedly from
October to January, a high level of young leaves waintained in the diet of

Assamese macaques almost year-round.

Forest fragmentation and isolation can reduce itee available habitat and lead to
lower food availability for some primate speciesheTpersistence of nonhuman
primates in fragments depends largely on theintglih adjust their diet in response
environmental change. The western black crestedogibfNomascus concoldris

distributed in northern Vietnam, northwestern Laas] southwestern China, but little

is known about its diet except from studies in thell-protected forests of Mt.
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Wuliang and Mt. Ailao, central Yunnan (Kt al, 2014). Niet al (2014) studied food
abundance and diet over two years in a small gsaupiving in an isolated and
disturbed forest at Bajiaohe, southern Yunnan, drelv a comparison with the
population at Dazhaizi in Mt. Wuliang and foundttiggtbbons at Bajiaohe consumed
mostly fruit, but did not eat figs, unlike most ethgibbon populations. Liana fruits
and mature leaves were used as alternative foattsgdperiods of tree fruit scarcity.
Their results indicate that gibbons in Bajiaohepoesl to habitat fragmentation and
isolation by consuming a variety of plant spectepending on those that are locally
available, and increasing time spent feeding oiisfrof trees and lianas rather than

increasing time spent consuming leaves.

A great flexibility in dietary foods may permit prates to live in a variety of habitats.
When high-quality food such as fruit is scarcepyaties can use fiber-rich foods as
fallback foods (Marshall & Wrangham, 2007). Accuated evidence shows the
folivory of Macacaspecies (e.g. Zhao, 1996; Hanya, 2004) is oriirfaigivorous.
This dietary flexibility according to habitat ma lwne of reasons why the genus
Macacais more widely distributed than any other nonhunpaimate genus. For
example, Japanese macaques can use a large amooatiuoe leaves in response to
long-term seasonal reduction in fruit in tempenagions (Hanya, 2004). Similarly,
there is a long lean period when fruit is uncomniwrKRB and BRB habitats.
Monkeys may also need to develop the ability toecath fiber-rich food so as to
survive in such environments. Although physiologinaestigation is needed, the fact
that Assamese macaques rely heavily on leaves limda foods suggests an

adaptation that has allowed Assamese macaquesvivesin KRB and BRB habitats.

In KRB, 41.16% of the observation time was devdtedeeding (maximum 56.34%
in January and minimum 24.45% in August) and it wds36% of the observation
time on feeding (maximum 58.18% in January and mmumn 25.92% in August) in
BRB by the Assamese monkeys. In contrast to thesltieChalise (1995) found in
Ramnagar, 32.27% of the observation time devotetkeding (maximum 46% in
January and February, minimum 16.55% in August) thg adult langurs and
Podzuweit (1994) studied the same troop of languthe same area during 1991-92
and she recorded 32.90% of feeding time for adedtdle langurs annually. This
difference with the present study is that in higions there are low amount of food
availability as compared to Terai region and Asssamaonkeys also spend more time
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for searching the food in hilly regions. Howevenge ttime spent for each food
category was determined for Kaligandaki and Budimig&i Assamese monkeys.
They spent different amount of time for differenbdl according to their preference.
The major food categories revealed that most otithe is spent on leaves, 49.58%
(30.02% mature leaves and 19.56% young leavesRiB trest and 49.74% (29.04%
mature leaves and 20.70% young leaves) in BRB tfofdss is similar to Podzuweit
(1994) data of time spent on leaves (49.02%) arali§€#h(1995) data of time spent on
leaves (50.11%) by Ramnagar langurs. In presedy sthe descending orders of time
spent on feeding by Assamese monkeys in KRB faestmature leaves (30.02%),
fruits (23.80%), young leaves (19.56%), flowers.{I26), insects (2.90%), seeds
(2.71%), stone licking (2.04%), young shoots (2.0%ater (0.99%), inflorescence
(0.95%), rhizome (0.73%), leafbud (0.59%), soilirgat(0.55%), petiole (0.36%),
waste (0.21%) and bark (0.12%) while in BRB forast mature leaves (29.04%),
fruits (25.96%), young leaves (20.70%), flowers.{820), insects (2.43%), seeds
(2.07%), young shoots (1.50%), stone licking (1.40%hizome (1.02%), water
(0.90%), leafbud (0.87%), inflorescence (0.85%)tigke (0.42%), soil eating
(0.33%), bark (0.22%) and waste (0.13%). Podzu(i€i®4) recorded the time spent
on feeding of food categories in descending ordemature leaves (40.57%), fruits
(15.10%), petiole and pulvinus (14.92%), young &a¥¢8.45%), flowers (6.30%),
pith (3.80%), stone licking (3.20%), insects (3.)0%oney licking (2.40%), bark
(0.60%), wood (0.60%), soil eating (0.50%), alga2%), water (0.20%) and gum
(0.04%). On the other hand, Chalise (1995) recottiedtime spent on feeding of
food categories in descending order as young le§2&$55%), fruits (17.88%),
mature leaves (16.33%), flowers (12.82%), pulvifit&52%), seeds (4.03%), insects
(3.78%), stone licking (2.74%), honey licking (28Q pith (2.27%), shoots (1.74%),
petiole (1.62%), soil eating (0.86%), algae (0.84%ater (0.19%), gum (0.13%),
bark (0.11%), unknown (0.11%) and waste (0.02%gsEresults indicate that due to
seasonal availability of food plants and differepecies of monkeys play vital role
for the contribution of feeding time spend for eémbd category.

Ripley (1976) studied grey langurs in SriLanka dhd area occupy the lowland
mixed deciduous and evergreen forest which expeggem climate that can be
characterized roughly as winter-wet, summer-dryeréhlangurs were spending
77.8% (71.9-83.7) on leaves, 10.4% (7.9-12.5) aitisfrand 7.4% on flowers. In this
case, only flower eating seems similar whereasldaves and fruits it was totally
different. Hladik (1977) recorded 48% of feedingé¢i on leaves (21% mature leaves
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and 27% young leaves) for grey langurs of SriLarTkas is similar to the leaf diet at
KRB and BRB, and the time spent on flowers in Snika (7%) is also similar to
Podzuweit, but the time spent on fruits (45% inL&nka) was astonishingly higher
than the present study. The amount of fruit avditgbn the study sites might have
influences to the monkeys feeding time.

Newton (1992) reported 25.7% of the total feedimget for the langurs in Kanha
Tiger Reserve, in Central India. The study areasisbed of 67.8% moist deciduous
forest (dominated by sal), 27.5% meadow and 4. A¥aldciduous forest on the rocky
outcrops or ‘chattans’. The total time spent ordieg was dissimilar (i.e. shorter) to
the present study but on the broad categories adsfoleaf (49.1%), fruit (24.4%),
flower (9.50%) and insects (3.0%) it was similarkiBB and BRB. Kar-Gupta and
Kumar (1994) from Rajaji National Park, Uttar Prslde India, during their five
months study, recorded 56.6% of the time for ledirg (22.5 mature and 34.1
young) by common langurs which is similar to theute of Podzuweit and the fruit
eating (24.9%) is similar to the results of Newtonl the present study. Flower eating
(17.9%) is near to this study but they were stuglydnring winter i.e. the flowering
season only. Thus flower eating might be over regneed.

Curtin (1982) did a 16 months study on foraging aadging among gray langurs
(Presbytis entellysin the Nepal Himalaya, a forest type occurredoatding to
Stainton’s (1972)Rhododendron arboreunAbier spectabilisTsuga dumosaupper
temperate mixed broad le@uercus semecarpifoliandPinus excelsaMeadow and
cultivation comprised additional habitat types. Time spent on leaves (45%; 31%
mature and 14% young) was near to the resultsigfstady and the amount of time

for fruits (47%) was extremely higher than the prasstudy.

The dietary variation of food categories might lmsgble. The most variable intake
of the Assamese monkeys corresponds to a seasoadiyple availability. The more

contrasted annual food cycle of this more activecgs requires an important,
investment in energy which in turn, is providedthg more scattered and rich food
resources. “Variation in food supply may have arpontant effect on different

physiological mechanism, as was clearly observegrasimians and simian primates
living in dry tropical climates. In the rain foresthere are also variations in

composition and abundance of food availability” d#ik, 1988).
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Daily activity patterns and micro-variations in sifie behaviors are important and
essential for understanding how primates meet tlegiergetic or nutritional
requirements while dealing with environmental clardowever, such data regarding
the Assamese macaques living in limestone forestsybt to be obtained. The study
focused on the daily activity patterns and tempdisiribution of feeding behaviors
of Assamese macaques at the Nonggang National é&N&Reserve in southwest
Guangxi, China (Let al, 2019). Animals generally need compensationteranergy
deficiency caused by previous night’s resting (Chap & Chapman, 1991). Due to
the fact that they are folivorous while still prefd to fruits (Huanget al, 2015;
Zhou et al, 2018), the Assamese macaques in the KRB and BRBts consumed
more fruits during the morning than in the aftenmoo

Assamese macaques are mostly folivores, and the gpent on leaf-eating (mature
and young) was nearly half (49.58% in Kaligandald 49.74% in Budhigandaki) of
their total feeding time (Ghimiret al, 2021). Similar to these findings, young leaves
were staple food items of Assamese macaques indémgg China (Zhoet al., 2011;
Huanget al, 2015). Assamese macaques between KaligandakBadiigandaki did
not contribute significant difference in time inw@&nt on different food items.
However, Koiralaet al (2017) reported significant difference of two dps of
Assamese macaques in SNNP. Adhikati al (2018) also reported significant
alteration in behavior of Assamese macaques in RamBalpa. Both the troops of
this study are in a similar ecological set up o€ideous rainforest and also have
highly similar food plant preferences, that mighave caused almost similar

investment of time on feeding and food selection.

Besides leaves, the invested time on fruits, flenend seeds were also high. This
shows that Assamese macaques prefer to avoid |¢asscially mature) when other
more nutritive foods are available. Schulké¢ al. (2011) reported larger time
investment on fruits (42.4%) in Thailand. Assameseaques in Nonggang, China,
invested less than 20% time on feeding fruits, saggg their folivorous habits (Zhou
et al, 2011; Huanget al, 2015). During dry season, some primates eatsbahen
the least amount of food is available (Sugiyama&4)9Bark is considered as the
leading importance in diet of Bornean orangutansrwimajor fruits were not
available (Nishida, 1976). Bark eating in this stugas recorded in Assamese
macaques when availability of fruits and young &sawvas less. It shows that
Assamese macaques use bark for feeding when teefotid items are less available.
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The carbohydrates, vitamins and trace elementsedeaet supplied by young leaves,
fruits and flowers. Extra nutrients they can derix@n other food categories. “The
common langurs eat bark during the dry season whast amount of food is
available through the year. Bark also provides fawith water in this season
(Sugiyama, 1964). Japanese monkeymdaca fuscatp utilized bark for food in
winter and early spring when few fruit is availaffano, 1973). Among great apes,
gorillas and orangutans are known to chew barkutjinothe year. Bark assumed a
leading importance in the diet of Bornean orangsitdaring some time in a year
when major fruits did not ripen” (Nishida, 1976).am® eating in Kaligandaki
Assamese monkeys was recorded in the months ofu&ghrMay, June, July,
September, November, December and January and dhigandaki Assamese
monkeys it was recorded in the months of Februlfgrch, April, June, August,
September, October, December and January. It sk@hassamese monkeys like to
utilize bark as food in any season whenever othedd are less abundant.

Availability of food in Kaligandaki and Budhiganda#leciduous forests is highly
seasonal. The effect of such seasonality on avijabf food is reflected in the
feeding behavior of Assamese macaques. Distribuifdiood determines the search
strategies and movement patterns of animal whidiurm affect the time investment
on feeding (Reyna-Hurtad®t al, 2018). Species that experience large and
unpredictable seasonal variation in availabilityfadd tend to grow and reproduce at
slower rates than species with more predictabler@mwments (Wrightet al, 2015).
Animals travel less and shorter distances durirgcsty of high energy foods but use
their home range more broadly (Nagy-Reis & Set4,720Similar to these findings,
Assamese macaques in Kaligandaki and Budhigandatcred between the young
leaves and mature leaves according to their avhkijatbut the young leaves were
higher preference food.

Avalilability of food in the forest can vary trememdgly from year to year. Especially
the fruits and flowers were not available in similamounts in each vyear.
Furthermore, reduced precipitation or a very had any year the production of
reproductive parts is reduced even in a forest KIRB and BRB, and Assamese
monkeys depend more on leaves. In dry areas likdbplo, India, langurs depend
mainly on leaves (43.9%) near to present studyy Ttidize a large number of plant

species which suggest that langurs are not vesctbet in their diet and consume
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whatever plant material is available (Srivastav@89). Usually in arid areas, plants
bear a smaller amount of vegetative and reprodeigiants. Therefore, to fulfill their
needs they should exploit many plants. “It is giessible that this arid environment
has different productivity levels in different mbst so that some plant species are
available in one month and some in others” (Sraazst 1989) which would have

been reflected in plant numbers.

In Bangladesh, at Madhupur, the capped landemsspytis pileataspent 35% of time
per year in feeding (Stanford, 1991a) in which %@ .8f the feeding time was spent
on leaves and leafy parts, 24.4% fruits similaptesent study, 9.3% seeds, 7.0%
flowers, and 1.6% others. The capped langurs athMawr live in a moist deciduous
forest. The forest vegetation is composed of predantly sal and other typical east
Asian forest genera such &gling Dillenia and Terminalia The food plants of
langurs recorded are very similar to present resdibm Kaligandaki and
Budhigandaki. The similarity arises due to the thett both areas are situated in the
same region and within the same climatic zone oth lareas six seasons (major 3) are
distinguished and very similar in duration. Botkas have the hot season from March
to June, followed by monsoon rains mostly from Jim®ctober. November through
February are cool and dry. Stanford (1991) stakMddhupur follows a typical Indian
subcontinent monsoon forest phonological patteuni(R960). Leaf production peaks
in the pre-monsoon and early-monsoon (April-Mayjuitf production peaks
bimodally, in mid-monsoon (June-July) and again nmd-winter (November-
December). Flowers are most abundant just beforardMApril) and just after
(October) the rains. From December to March a migjaf fall occurs, producing a

predominantly bare forest aspect”.

In East Malaysia, Daviest al (1988) studiedPresbytis rubicundat Sepilok Virgin
Jungle Reserve, Sabah for 17 months. The studyharea low-lying western part
which is flooded by streams in the wettest montaisgd the eastern area was
dominated by steep-sided sand stone ridges thatirgréor 6 months of the year.
There were however two periods of young leaf prtéidac during the wettest months
and during the fruiting season. Flowering showesinall peak in March (5% of the
trees), and fruiting was also only 5%. The leaf keys were highly selective in their
diet, and their food was generally less abundattterforest. Eventhough in total they
spent 36.5% of their feeding time on young lea&%1% on seeds higher than
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present study, 19.2% on fruits, 11.1% on floraktpaand 1.1% on leafy parts. This
monkey species is poorly adapted to a folivoroes due to its dental structure and a
relatively low stomach volume for fermentation dijen of folivorous material.
Therefore, they depend mainly on highly digestdbtel as fruits. Nevertheless, they
feed a reasonable amount of leaves per year. lipesdf different feeding behavior in
the monkey species suggests that “environmentédriasuch as plant chemistry will
also influence colobine food selection” (McKey, 89Watermaret al, 1988). Oates
et al (1980) recorded the feeding time f@resbytis johniias 27% on mature leaves,
31% young leaves, 9% flowers, 25% fruits in a priyrteopical evergreen high forest
of the southern Western Ghat mountains, India. Jidweng leaves were frequently
available in this site but the total time spentlesves was very similar to the results
of others. It can be concluded that monkeys maddpend on the major food
categories (leaves, fruits and flowers) for theirvg/al and the amount of time spent
for each category is in accordance to the avaitgbil

The study of feeding behavior is essential to tmelewstanding of a species’
ecological adaptation to the environment, and ial® an important factor to be
considered when examining the relationship betweeslogy and sociobiological
problems. Closely related species often have véiferent diets, whereas many
unrelated species have convergent dietary patt@imexefore, these patterns are not
dependent upon taxonomic relationships (Sussma8i/)19hese and other type of
complexity of problems on feeding ecology lead gngnatologist to study on the

basis of activity budget.

In this study, the intake of food was calculatech &verage, an adult Assamese
monkey of KRB ate 557.94 grams fresh weight and ¢fieBRB ate 525.09 grams
fresh weight per statistical day. Therefore, it denestimated that more than 1 kg
(1115.88 gram per day; 365 days = 407.29 kg) bisnmsaken from the forest each
day by an individual adult Assamese monkey in KRB & BRB it is also more than
1 kg (1050.18 gram per day; 365 days = 383.31 kghéss is taken from the forest
each day by an individual adult Assamese monkeyes&hresults are similar to
Chalise (1995) Ramnagar adult langur that ate B4Zjgams fresh weight per
statistical day (1085.68 gram per day; 365 day9& 2 kg biomass). In KRB forest,
mean intake leaves contribute 47.07% gram (mataeels 26.67% gram and young
leaves 20.40% gram), fruits 27.19% gram, flower971% gram, seeds 2.94% gram,
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young shoots 2.88% gram, insects 2.07% gram, rhezbrd2% gram, inflorescence
1.06% gram, leafbud 0.78% gram, petiole 0.44% geawth bark 0.28% gram, and
time spent for leaves was 49.58% (mature leaved230.and young leaves 19.56%),
fruits 23.80%, flowers 12.47%, insects 2.90%, se2d4%, stone licking 2.04%,
young shoots 2.0%, water 0.99%, inflorescence 0,98%zome 0.73%, leafbud
0.59%, soil eating 0.55%, petiole 0.36%, waste %.2dnd bark 0.12% whereas in
BRB forest, mean intake leaves contribute 48.30&bngfmature leaves 26.34% gram
and young leaves 21.96% gram), fruits 29.54% grfdowmers 12.90% gram, seeds
2.71% gram, young shoots 1.91% gram, insects 1.§&%h, rhizome 1.02% gram,
inflorescence 0.83% gram, leafbud 0.70% gram, [e0a14% gram and bark 0.30%
gram, and time spent for leaves was 49.74% (mé&tares 29.04% and young leaves
20.70%), fruits 25.96%, flowers 12.16%, insects3204 seeds 2.07%, stone licking
1.40%, young shoots 1.50%, water 0.90%, infloresee®.85%, rhizome 1.02%,
leafbud 0.87%, soil eating 0.33%, petiole 0.42%st&a0.13% and bark 0.22%.
Chalise (1995) in Ramnagar langurs recorded meakarieaves 49.8% gram, fruits
26.4% gram, flowers 15.8% gram, insects 5.0% gsdmopts 1.3% gram, algae 1.1%
gram, honey 0.5% gram, bark and termite soil eatPoQyram (time spent for them
was respectively, 52.4%, 21.9%, 12.8%, 3.8%, 1.0%%, 2.4%, 0.1% and 0.9%
geophagy whole). This shows results of presentystéud similar to Chalise (1995)
leaves, fruits, flowers and shoots, however insatetke is different but time spent
for insect eating is more or less similar and otfmyd categories seem to be

different.

Table 31: Monthly distribution of food categories in relatido time spent feeding and mean intake in

gram (time and intake are in %) for KFAST

Food items 2015 2016 Mean

Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan.

Fruits Time 12.1404.62 03.98 24.42 43.37 49.14 11.16 14.32 26.02 36.15 42.55 17.72 23.80
Intake 16.86 07.83 06.19 27.73 48.85 53.10 14.12 18.42 32.03 39.11 40.85 21.18 27.19
Mature leaf ~ Time 49.6312.73 06.43 11.04 12.76 07.56 31.57 19.72 46.16 53.32 46.17 63.18 30.02
Intake 51.23 14.52 07.76 08.31 09.66 09.88 27.23 16.77 31.87 36.39 49.22 57.17 26.67
Young leaf Time 09.124.16 27.87 37.31 29.95 30.52 41.50 07.95 05.22 04.46 07.38 09.32 19.56
Intake 04.71 27.11 26.92 39.10 31.12 28.14 46.06 10.02 11.27 07.42 05.64 07.30 20.40
Seed Time 03.226.94 08.17 02.98 01.53 01.17 02.32 03.30 01.03 00.41 00.15 01.28 2.71

Intake 03.42 06.23 05.93 02.16 01.15 00.76 02.69 06.21 03.01 02.33 00.18 01.19 2.94
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Young shoot Time 00.64€1.97 01.23 06.73 01.66 00.43 00.96 02.63 06.18 00.98 00.32 00.27 2.0

Intake 02.15 04.98 06.57 08.95 02.34 01.23 00.54 01.16 04.13 01.20 00.53 00.75 2.88

Inflorescence Time 01.3D02.12 03.86 00.97 00.64 - - 01.1400.8300.31 - 00.21 0.95
Intake 01.36 02.34 03.66 01.02 00.43 - - 005201.8401.28 - 00.26 1.06
Bark Time 00.24 - - 00.2400.1800.11 - 00.25 - 00.1400.26 00.03 0.12
Intake 01.21 - - 00.3300.24 00.18 - 0043 - 00.3700.48 00.11 0.28
Flower Time 08.5719.22 33.51 07.12 03.43 01.12 10.43 48.12 11.12 01.91 00.96 04.11 12.47

Intake 09.52 22.21 34.38 10.03 04.37 02.11 08.31 45.81 14.24 10.07 01.23 06.54 14.07

Petiole Time - 00.7400.61 01.1400.42 - 0036 - - 00.44 00.36 00.23 0.36
Intake - 00.8500.8201.17 00.65 - 00.46 - - 00.3200.41 00.63 0.44
Leafbud Time 00.4400.31 02.14 00.65 00.97 - 00.22 - 00.43 00.48 00.64 00.78 0.59
Intake 01.14 01.19 02.01 00.72 01.18 - 00.38 - 00.56 00.64 00.53 00.98 0.78
Rhizome Time 01.6702.4501.21 - - 00.2300.14 00.57 00.31 00.53 00.37 01.32 0.73
Intake 02.33 03.12 02.32 - - 00.44 00.21 00.65 00.63 00.86 00.74 03.38 1.22
Insects Time 11.892.4102.2600.94 - 06.55 - - 0023 - 00.1100.17 2.90
Intake 06.07 09.62 03.4300.48 - 04.16 - - 0042 - 00.1800.51 2.07

Stone licking Time 00.2107.67 06.07 03.46 02.04 01.16 00.24 00.43 01.26 00.52 00.39 01.10 2.04
Intake

Soil eating Time 00.5%1.95 01.16 00.77 00.16 00.53 00.46 00.28 00.12 00.24 00.23 00.22 0.55

Intake

Water Time 00.2301.88 01.32 02.23 02.74 01.47 00.52 00.96 00.34 00.10 00.08 -  0.99
Intake

Waste Time 00.1400.82 00.18 - 00.14 - 00.1200.3300.75 - 00.0200.06 0.21
Intake

Table 32: Monthly distribution of food categories in relatito time spent feeding and mean intake in

gram (time and intake are in %) for BFAST

Food items 2015 2016 Mean
Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan.
Fruits Time 13.5610.15 06.17 27.19 45.23 47.12 12.84 16.26 31.17 39.12 41.43 21.25 25.96

Intake 18.43 16.32 11.10 32.71 51.62 53.65 17.72 19.23 34.14 41.67 38.12 19.74 29.54
Mature leaf ~ Time 47.1211.94 05.75 10.07 09.96 05.46 26.16 23.12 48.09 50.76 48.11 61.90 29.04
Intake 49.16 10.91 04.34 06.08 05.65 04.33 19.57 21.18 39.10 43.40 49.78 62.63 26.34
Young leaf Time 11.1629.98 31.69 39.22 33.13 34.18 42.10 06.97 04.13 03.89 04.75 06.97 20.70
Intake 08.31 32.42 33.47 37.26 32.12 35.10 44.65 11.21 07.16 06.88 06.82 08.14 21.96
Seed Time 03.1104.91 06.96 01.74 00.88 00.97 01.42 01.65 01.33 00.61 00.10 01.18 2.07

Intake 02.23 06.69 07.46 02.50 01.18 00.57 03.66 03.31 02.44 00.98 00.22 01.32 2.71
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Young shoot Time 00.8®1.76 02.29 04.11 01.73 00.66 00.87 01.42 02.56 00.31 00.87 00.54 1.50

Intake 01.12 02.10 04.35 06.29 02.23 00.46 00.74 01.95 01.83 00.41 00.82 00.65 1.91

Inflorescence  Time - 01.892.81 00.76 00.89 00.41 00.68 00.94 01.16 - 00.65 - 0.85
Intake - 01.37 02.92 00.98 00.94 00.31 00.72 01.1001.22 - 00.43 - 0.83
Bark Time 00.4100.1200.34 - 00.32 - 00.8600.1100.26 - 00.1400.12 0.22
Intake 00.76 00.3500.43 - 0047 - 00.6500.3100.29 - 00.1000.16 0.30
Flower Time 09.7718.26 30.64 09.23 02.86 02.55 11.61 44.17 09.45 02.15 01.74 03.48 12.16

Intake 10.84 21.91 32.76 11.42 03.74 01.47 10.36 39.12 12.23 04.16 01.95 04.62 12.90

Petiole Time 00.62 - 00.7100.84 - 00.4300.66 00.74 00.22 00.26 00.12 00.46 0.42
Intake 00.93 - 00.6100.47 - 00.3200.83 00.65 00.46 00.54 00.17 00.33 0.44
Leafbud Time 00.9800.48 03.53 00.91 00.67 00.59 00.39 00.98 00.12 00.67 00.42 00.69 0.87

Intake 00.91 00.64 01.23 00.87 00.85 00.49 00.54 00.76 00.37 00.71 00.62 00.46 0.70

Rhizome Time 01.9502.97 02.10 - 00.5400.62 - 00.34 00.40 00.85 00.93 01.55 1.02
Intake 02.52 02.1201.33 - 00.7100.63 - 00.44 00.76 00.92 00.97 01.82 1.02

Insects Time 09.2310.11 - 02.6800.8503.3500.77 01.43 - 0048 - 00.23 2.43
Intake 04.79 05.17 - 01.4100.48 02.67 00.56 00.73 - 00.32 - 00.12 1.35

Stone licking Time 00.3206.16 05.27 01.16 - 01.2200.53 - 00.37 00.34 00.33 01.14 1.40
Intake

Soil eating Time 00.6300.45 - 00.5400.18 - 00.3800.95 - 00.1600.41 00.32 0.33
Intake

Water Time 00.17 00.82 01.49 01.33 02.65 02.12 00.72 00.91 00.48 00.19 - - 0.90
Intake

Waste Time 00.10 - 00.2500.21 00.11 00.32 - - 00.2600.21 - 00.16 0.13
Intake

The weight of food eaten should be related to ithe spent eating at least if the food
is uniform. However, Hladik (1977) states, “Unfaraiely, the time spent feeding
cannot be accepted as an estimate of the foodeintkce feeding rate may differ
considerably between food items.” Eventhough, tispent on feeding is always
considered as a parameter to explain the feediolpg@e and behavior of primates, at
least for Assamese monkey species. The resultsabfjadaki and Budhigandaki
showed exactly the situation what Hladik statece $easonal distribution of different
food categories of KFAST is given in referenceitoet spent versus the mean intake
(Table 31) and that of BFAST is given in Table BRis will focus more information

about seasonal feeding and intake of Assamese ipgnke
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Hladik (1977) investigated the time spent feeding fod intake of mature leaves,
young leaves and green fruits of some plant speEisthe purple-faced langur he
recorded (in April) the time spent for mature leaweas 51.1% corresponding to
57.3% gram of the fresh weight ingested, for yoleayes and shoots 46.3% of the
total feeding time spent and 39.1% gram intake fandjreen fruits they spent 2.6%
time and get back 3.6% gram of intake. Similartythe gray langurs (in August) it

was recorded 34.4% of time spent on young leavdshaoots which pay back 37.7%
gram of intake, 30.0% time for green fruits to §ét3% gram, 27.4% of time to

intake 19.1% gram of flowers and from other leaG&% gram obtained spending
8.0% of time. It might be due to different habigad insect eating, that there is little
different in amount of intake of plant parts by {haple-faced langurs of SriLanka,

gray langurs of Ramnagar and Assamese monkeys Bfd&Rvell as BRB forests.

There are some species that had been studied withdifferent dietary sampling
methods in the same habitat. For each specieséhbats been defined both in terms
of the percent of feeding time devoted to varioiesadly categories and in terms of the
total weight eaten from each dietary category. $toplicity and for comparability,
all foods were allocated to one of the three dyetategories: plant structural parts,
plant reproductive parts, and animal matter (Sateal, 1985). Gaulin and Gaulin
(1982) for Alouatta seniculus(body wt. 7.65 kg) feeding time: 47.8% plant
reproductive parts, 52.2% plant structural partsespond to 75.4% gram and 24.6%
gram of intake. Similarly, Iwamoto (1982) fétacaca fuscatgbody wt. 10.10 kg)
feeding time: 36.0% for plant reproductive part$,086 plant structural parts and
33.0% animal matter correspond to 52.0% gram, 41gt&m and 7.0% gram. The
food intake of M. fuscatais very similar to the intake of Kaligandaki and
Budhigandaki Assamese monkeys. The results frorferdiiit sites for different
monkey species suggest that if the animal’'s sizk faeding habits are similar or

close to each other, the amount of food ingessaso similar.
4.2.4 Crop raiding

In this study, the closeness of the forest to tipecaltural land of KRB and BRB
villages was about 100 m, so the level of distudeanand human-monkey conflict
was high. Anthropogenic activities have forced homan primates into conflict

interactions with local people especially througbpcraiding (Pristoret al, 2012).

122



The cause of human primate conflicts in local arsadue to damage of crop by
primates in those areas where local people arelynaubsistence farmers (Hill,

1998). When supply of natural food is insufficieagsily digested and high quality
human food is a good alternative form of nutritfonprimates, that could be the most

important cause of crop raiding (Khatemal., 2013).

Raiding of crop by monkeys in Nepal is very commbpreti (1985) recorded that
barley and buckwheat raided by wild animals in Ramd Langtang National Parks.
Similarly, Jackson (1990) also recorded damageayd by monkeys in Makalu Barun

Conservation Area.

During a study in Bandipokhara, Palpa, Nepal, Gtenf2001) reported the highest
damage of crop by monkeys was maize (34.12%),v@tbby potato (23.05%), rice
(12.01%), fruits (11.68%), wheat (9.57%), millet1(5%), buckwheat (2.38%) and
pulses (2.06%). Chalise (1997, 1999) recorded ¢hat depredation proportions in
different crops. In his study in MBCA, the highesop loss was maize (32%),
followed by potato (24%), rice (14%), fruits (12%pillet (11%), wheat (4%),
buckwheat (2%) and pulses (1%). Chalise (2001) rtedothe damage in Lakuwa
village as 7.76% maize and 4.14% pulses. Duringestigation in Shiva village,
Chalise (2001) recorded maize 13.88%, fruits 41.8686 19.16% and wheat 8.97%.
Adhikari et al (2018) reported maize 35%, vegetables 20%, pul3&s fruits 13%,
potato 6% and rice 2% in Ramdi area. In this stad¢RB villages, the highest crop
damage by Assamese monkeys was recorded maize4¥d);.followed by fruits
(16.43%), wheat (11.13%), millet (5.72%), rice @&, potato (4.27%), lentil
(4.07%), mustard (1.26%), pumpkin (1.14%), browntile(0.81%), broad beans
(0.8%), sesham (0.6%), black pulses (0.35%), ftawier (0.14%) and tomato
(0.1%) (Ghimire & Chalise, 2019). In BRB villagabe highest crop damage was
also recorded maize (58.43%), followed by rice 4%), lentil (8.74%), peanut
(4.35%), soyabean (4.18%), wheat (3.22%), fruit®{%), black pulses (1.87%),
potato (1.67%), sesham (0.92%), tomato (0.79%)em(0.67%), mustard (0.36%),
broad beans (0.25%), brown lentil (0.18%) and pumf&06%) (Ghimire & Chalise,
2018). This study shows the highest damage of asomaize (47.14% in KRB and
58.43% in BRB) as compared to Ghimire (2001), Geal(1997, 1999, 2001) and
Adhikari et al (2018), those reported low crop damage in Bardipm, Palpa,

MBCA and Ramdi respectively. The main reasonsHes¢ differences are due to low
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food availability for the monkeys in the forestsdadestruction of their natural

habitats (constructing Kaligandaki corridor and Bigdndaki hydropower

development) which tends to move the monkeys tosvhtonan settlements and crop
fields.

Frequency of crop raid is affected by the natucaldf availability and individual
numbers of monkeys in an area. Raiding crop issaeréial component of ecology of
primates inhabiting human settlements (Naughtond&set al, 1998) but it is likely

to minimize the tolerance of subsistence farmengatds conservation of such crop-
raider threatened primate species (Khattiral, 2013). This fact may be useful in
predicting the vulnerability of the Assamese monkagvival in KRB and BRB area.
Artificial provisioning causes changes in the dieme range and habitat and even
the behavior of the monkey (Southwiekal, 1976). Monkeys are more habituated to
local people in Ramdi area because of provisiowihfpods. Due to this, their diet,
habitat, home range and behavioral patterns ae @dlanged. Most of the local
villagers believe that natural food scarcity, habitlestruction and changes in
behavior of the monkeys due to artificial provisian by Hindu Pilgrims are the
major causes of monkeys shifting into crop-raidédenkeys living in the habitat
with low wild food resources are more likely tofshowards human settlement areas
with dependence on crop foods (Yamada & Muroyarfa0®. The food provided by
the Hindu Pilgrims in temple areas of Ramdi migavén caused behavioral changes
and increased their dependence to provisioned fatter than foraging from the
wild. The supplied provisioning food is not suféait for the monkeys and in order to
fulfill nutrients requirement monkeys enter to trep fields that ultimately increase
the conflicts between the monkeys and the loctdgers.

Damage of crop by monkey species is one of thewgeproblems in many villages of
Nepal (Chalise, 1997; Ghimire & Chalise, 2018, 201Despite of raiding crops,

monkeys also help in seed dispersal in the fo@saljse, 1999). The scarcity of wild

foods and destruction of natural habitats tendhtbekeys to enter the crop fields and
raid the crops. Such situation forces them to senon human crop field and

settlements. The detail assessment of the hahitdityjand its management would
minimize the human-monkey conflicts and it will belpful for conservation of the

nationally endangered and protected Assamese macgugpcies in Kaligandaki and
Budhigandaki river basins of Nepal.
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CHAPTERS

5. CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

Total population of Assamese monkeys was recor@efiddn five troops (two troops
from KRB and three troops from BRB). The adult maléemale sex ratio was 1:1.83
in Kaligandaki and 1:1.5 in Budhigandaki. Averageup size was 21 in KRB and
14.33 in BRB. By distribution pattern, monkeys bgjmg to Block D were found
most variant and Block A least variant. This indésathat analysis for the highly
variant Blocks such as Block D, Block E and Block@&:d high caution than the less
variant Blocks such as Block A and Block C.

Different quadrate plots and vegetation analysieated that the Assamese monkeys
of KRB and BRB were found inhabited in sub-tropidatiduous riverine forest with
rocky cliffs habitat. The frequently used food planf Kaligandaki Assamese
monkeys was leaf ofAlbizzia chinensisand that of Budhigandaki was leaf of
Lagerstroemia parviflorahroughout the year though they ate other plaatiss and
their parts available seasonally in both the redeaites. Most of the botanical
guadrate plots also includedlbizzia chinensisspecies in KRB and that of
Lagerstroemia parviflora species in BRB although dominated birichilia
connaroidesin Kaligandaki andShorea robustain Budhigandaki. Further, the
sleeping sites of the Assamese monkeys during tiglet were found on rocky cliffs
and rocky outcrops in steeply as well as slopesaoédoth the KRB and BRB rocks.
These rocky cliffs and rocky outcrops were veryselavith specific food plants of the

monkeys in both the sites that might help themrédgp this type of habitat.

The feeding behavior has been found the major iactprofile followed by resting,
moving and grooming. Feeding activity was mainly early morning and late
afternoon. Obtaining food and eating are the majoncerns of the Assamese
monkeys for their all activities. The moving actyvwas increased during the scarcity
of food. The resting and grooming activities wenereased during the sufficient
available of food from the forests. Maximum timeswspent for feeding activity

followed by resting, moving and grooming.
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Assamese monkeys of KRB and BRB contributed higtee investment for
consuming leaf, followed by fruits, flowers and eth KRB monkeys frequently
consumed leaves oOAlbizzia chinensisand BRB monkeys utilized leaves of
Lagerstroemia parvifloraas their major food plant throughout the year,chlshows
both KRB and BRB monkeys are mostly folivorous. {€hof food and feeding time
investment of different plant parts may differ degieg on the availability of food in
the area. Monkeys living in the wild at comparablogical setup with similar
nutrient concentrations of staple foods have amalsgfood choices and time

investments.

Raiding the crops by Assamese monkeys is one ofs#n®us problems in both
Kaligandaki and Budhigandaki river basin villaghkize crop was highly preferred
by the Assamese monkeys as a major crop raid mthetstudy areas. The scarcity of
wild foods and destruction of natural habitats téhd monkeys to enter the crop

fields and raid the crops.
5.2 Recommendations

On the basis of the findings of this study, thddfieing recommendations are offered
for consideration by concerned authorities for pinetection of surviving population

of Assamese monkeys at different topographicalthtbf Nepal:

1. Assamese monkeys raid the different varieties op€rnn the Kaligandaki and
Budhigandaki river basin villages, so the relatem/egnment organization
should suggest the local people of such areaslteraton of farming in the

crop fields.

2. Natural food plants of the monkeys should be graypnthroughout the bare
areas. The forestation of flowering and fruitingrgk should be carried out that

help to minimize their crop raid in the crop fields

3.  Rocky cliffs and rocky outcrops habitat of the Assse monkeys along the
Kaligandaki and Budhigandaki river basins should pretected by the

concerned authorities of Government of Nepal.
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Further researches on ecology and behavior of Assarmonkeys should be
carried out that will help for the policy makerstb& nation to ensure long term
conservation and management of this nationallyegtetl Assamese monkeys

in Nepal.
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CHAPTERG

6. SUMMARY

The summarized forms of research works are:

s General objective of research was to study on @éresology and feeding
behavior of Assamese monke{idlacaca assamensish mid-hills of Nepal
especially in KRB and BRB.

%  Specific objectives were to explore populationusaand distribution pattern,
habitat preference, behaviors specially feedingabiein and crop raiding status
of Assamese monkeys in KRB and BRB.

s Field work was carried out from February 2015 tauday 2016.Total work
time was 1804 hours of which 911 hours was spettRB and 893 hours in
BRB. Monkey contact time was 1407 hours of whiclé hburs was spent for
the behavioral data collection in KRB and 691 honrBRB. Monthly schedule
for data collection in the field was made 9 to 1&ysl per month for each
research site.

% Population surveys of Assamese monkeys were castietfom all the possible
trails in KRB and BRB as described in Altmann (1p&dd practiced by Chalise
(2003).

< Botanical quadrates of 20 m 20 m sized were used to analyze vegetation

pattern and habitat of the monkeys.

*%* Behavioral data were taken by scan sampling meginddfocal animal sampling
method (Altmann, 1974). Four major behaviors (fegdiresting, moving and

grooming) were observed.

s Feeding behavior was recorded by direct observatiadhe field area of KRB
and BRB. Feeding items, feeding time and quantityfood of Assamese
monkeys from different habitat were collected bredi observation in the field
following the methods as in Chaliseal (2013).

s Crop raiding data were obtained from local housghilagers as per the pre-
set questions format. Questionnaire survey wagydediand stratified random

sampling method was performed to select the resgand
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*

A total of 42 individuals of Assamese monkeys waeorded in two different
troops in KRB of which Palpa troop 24 and Syangjap 18 were recorded. In
BRB, a total of 43 individuals were counted in thidifferent troops of which
Rigdikhola troop 16, Rockybhir troop 13 and Siutantroop 14 were recorded.

Botanical quadrate sampling (20020 m) plotted in different altitudinal areas
of KRB forest revealed thafrichilia connaroidesas dominant plant species
with 35.68% relative density and 8.38% relativegtrency. But in BRB forest,
Shorea robustavas dominant plant species with 29.75% relativesdg and
8.87% relative frequency.

Different quadrate plots and vegetation analysieated that the Assamese
monkeys of KRB and BRB were found inhabited in supical deciduous

riverine forest with rocky cliffs habitat. The fregntly used food plant of

Kaligandaki Assamese monkeys was leaftifizzia chinensigand that of the

Budhigandaki was leaf otagerstroemia parviflorathroughout the year.

Further, the sleeping sites of the Assamese mond#agisg night time were

found on rocky cliffs and rocky outcrops in steeply well as slope areas of
both KRB and BRB rocks.

Total time spent in feeding was 294.7 hours (41 18Howed by resting 197.8
hours (27.63%), moving 126.9 hours (17.72%) andomiog 96.6 hours
(13.49%) by KFAST and feeding 306.5 hours (44.368é3ting 171.2 hours
(24.78%), moving 114.6 hours (16.58%) and groom®8g hours (14.28%) by
BFAST.

KFAST contributed mean intake leaves 47.07% graratne leaves 26.67%
gram and young leaves 20.40% gram) and time spentéves was 49.58%
(mature leaves 30.02% and young leaves 19.56%gwell by fruits, flowers,
and others.

BFAST contributed mean intake leaves 48.30% gramatyre leaves 26.34%
gram and young leaves 21.96% gram) and time speneéves was 49.74%
(mature leaves 29.04% and young leaves 20.70%gwell by fruits, flowers
and others.

Assamese monkeys of both KRB and BRB preferred en@dz.14% in KRB
villages and 58.43% in BRB villages) as the majopaaid followed by fruits,
wheat, millet and others in KRB villages and rintil, peanut and others in
BRB villages.
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PHOTO PLATES

Kaligandaki river basin

Plate 3: An adult male Assamese monkey Plate 4: Assamese monkeys grooming Bitus
searching for food religiosatree

Plate 5: An adult male Assamese monkey restingPlate 6: A subadult male Assamese monkey in
onFicus religiosatree resting position

g

Plate 7: A juvenile Assamese monkey climbing Plate 8: My supervisor guiding me the data
onFicus religiosatree collection methods in the research field
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Plate 11: An adult female Assamese monkey  Plate 12: A juvenile Assamese monkey in resting
eating leaf oDioscorea bulbifera state

Plate 14: An adult male Assamese monkey in
resting state

Plate 15: An adult female Assamese monkey in Plate 16: Breast feeding mother-infant Assamese
resting state monkeys
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Plate 17: Crop (rice grains) eating Assamese  Plate 18: Questionnaires with villagers about crop
monkeys loss due to Assamese monkeys

Plate 19: Fallow land fields due to Assamese monkeys
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Budhigandaki river basin

Plate 20: Habitat of Assamese monkeys Plate 21: Researcher observing

Siurenitar troop of Assamese
monkeys

STy
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Plate 22: Siurenitar troop of Assamese monkeysPlate 23: An adult male Assamese monkey
in their rocky outcrops habitat searching for food

Plate 24: Researcher collecting the data in the Plate 25: Constructing the tunnels of Budhigandaki

research field hydro-electric project in and around
the Assamese monkeys’ habitats

i
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Plate 26: Researcher sharing ideas scientifically Plate 27: Mother with infant of Assamese
with Chief District Officer (CDO) of Gorkha monkeyesting orMagnifera indicatree
District, Local Development Officer (LDO) of
Dhading District, President of Budhigandaki
Hydro-electric Project, Securities and others about
the impact of Budhigandaki hydropower development
to the natural habitats of Assamese monkeys

Plate 29: An adult male Assamese monkey
resting on tree_

*n ‘;"- % (A ‘ X y ‘ RN .
Plate 30: An adult female Assamese monkey  Plate 31: Questionnaires with villagers about crop
climbing on the tree loss due to Assamese monkeys

Plate 32: Fallow land fields due to Assamese monkeys
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APPENDICES

Appendix |: Data sheet - Scan sampling

Observer’'s name : e :Dat Start time:

Target animal/Group name:

Location: Weather

Interval: sec./min.

SN Behavior

Feeding Resting Moving Grooming

10.

Percent (%)

Comments:
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Appendix I1: Data sheet - Focal animal sampling

Observer’'s name : e :Dat Start time:

Focal animal/Group name:

Location: Weather

Behavior/Interaction ("who does what to whom")

Start

Stop

Comments:
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Appendix |11 Data sheet - Feeding behavior

Observer’'s name :

e :Dat

Target animal/Group name:

Start time:

Location:

Weather

Interval: sec./min.

Feeding Items 1 2 3 4

%

Fruits
Mature leaf
Young leaf
Seed

Young shoot
Inflorescence
Bark

Flower
Petiole
Leafbud
Rhizome
Insects
Stone licking
Soil eating
Water
Waste

Comments:
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Appendix |V: Data sheet - Questionnaire for crop raiding by neyrépecies

Q.N.: Date :

Name: Age: Sex: M/F/YIC
District: VDC: llaye: Ward No.:
Name of households / relation to observer: /

Have you lost crops due to monkeys? Yes No

If so when? Or others?

Crop: Maize/Rice/Wheat/Millets/Potato/Fruits/Others

Which year: Every year Last year This year Never Worst year
Monkey species involved: Assamese Rhesus Langur App.

Number Season Month&ptusirred:

Time of raid: Early morning Late morning Noon Afternoon Evening
Crop affected part: Eaten Destroyed

How much lost: muri or kg.

Affected crop field area ropani

Expected yield of that crop field urirar kg.

Gross yield per year muri or kg.

Proximity of damage field to the jungle: 100m  /200m-500m /1000m /2000m

Jungle vegetation type: Topography

Nearest house/hut from damage field: <100m/100m-200m  /200m-500m  /500m-1km
Action taken against the damage: Guarded by Manf Woman / Young / Children
Dog / Scarecrows / Tin-box  / Poison

Firecrackers / Shotguns / Others

What will be the solution?

/

What do you expect from the authority?
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Appendix V: Table showing the plant species and their formsdoaround the home range of

Assamese monkeys in Kaligandaki and Budhiganda&r thasin forests

SN Local Name LifeForm Scientific Name Family

1  Aankhataruwa T Trichilia connaroidegWight & arn.) Bent. Meliaceae

2 Amala T Phyllanthus emblicé. Euphorbiaceae
3  Amaru Spondias pinnatélL.f.) Kurz. Anarcardiaceae
4  Amp Magnifera indical. Anarcardiaceae
5  Archal sano T Antidesma acidurRetz. Euphorbiaceae
6  Archal thulo T Antidesma ghaesembilaaertn. Euphorbiaceae
7 Bahunkath T Hymenodictyon excelsu(Roxb.) Wall. Rubiaceae

8  Bakaino T Melia azedarach.. Meliaceae

9 Ban paiyun T Prunus cerasoideBuch.-Ham. ex D. Don. Rosaceae

10 Bankainyo T Wendlandia c.f. coriace@WVall.) Rubiaceae

11 Bansuntala T Carallia brachiata(Lour.) Merr. Rhizophoraceae
12 Bar T Ficus benghalensik. Moraceae

13 Barro T Terminalia bellirica(Gaertn) Roxb. Combretaceae
14  Bel T Aegle marmelogL.) Correa Rutaceae

15 Bhalayo T Semecarpus anarcardiunf. Anarcardiaceae
16  Bhatuwa T Mallotus roxburghianus Euphorbiaceae
17  Bhellar T Triwia nudiflora L. Euphorbiaceae
18 Botdhayaro T Lagerstroemia parviflora&Roxb. Lythraceae

19 Chanp T Michelia champacd.. Magnoliaceae
20 Chhatiwan T Alstonia scholariegL.) R. Br. Apocynaceae
21  Chilaune T Schima wallichii(DC) Korth. Theaceae

22 Chiuri T Diploknema butyraceRoxb.) H.J.Lam. Sapotaceae

23 Dabdabe T Garuga pinnataRoxb. Burseraceae
24 Gidari T Premna barbatavall. Verbenaceae
25 Gum T Cordia grandisRoxb. Cordiaceae

26 Hade gayo T Bridelia c.f. pubescenisurz Euphorbiacea
27  Harro T Terminalia chebuldRetz. Combretaceae
28 Jamun T Syzygium cumin(L.) Skeels. Myrtaceae

29 Kadam T Anthocephalus chinensjkam.) A.R. Rubiaceae

30 Kafal T Myrica esculentdBuch.-Ham. ex D. Don. Myricaceae

31 Kalikath T Aporusa octandrd8uch.-Ham. ex D. Don. Euphorbiaceae
32  Kalo dumri T Ficus nervosadieyne ex Roth. Moraceae

33 Kalo sirish T Albizzia odoratissimdL.f.) Benth. Mimosaceae
34  Karam T Adina cardifoliaWilld. ex Roxb. Rubiaceae

35 Katus T Castanopsis indicéRoxb. ex Lindl.) A. DC. Fagaceae

36 Kavro T Ficus lacorBuch. Ham. Moraceae

37  Khair T Acacia catechyL.f.) Willd. Mimosaceae
38 Khanyo T Ficus sarmentosBuch.-Ham. ex Sm. Moraceae

39 Khareto T Phyllanthus urinarial. Euphorbiaceae
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40
41
42
43
44
45
46
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

Khari
Koiralo
Kudmiro
Lankuri
Lasune
Latikath
Mahua
Mayal
Mulberry
Musurekatus
Neem

Nilo tanki
Pahele
Pahelopate
Pakhuri
Palas
Phaledo
Phanir
Pharlat
Phirphire
Pipal
Rajbrikchhya
Ranikaram
Ratpate
Reetha
Rukh dhaturo
Saj

Sal
Samipipal
Satisal
Seto dumri
Seto sirish
Sigane
Simal
Sindure
Sirish
Sisso
Tanki
Thotne
Thulo bayar
Thulo sirish

Timilo
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Trema c.f. politorigPlanch.) Blume
Baubhinia variegatd..

Litsea monopetal&oxb. Pers.

Fraxinus floribundawall. in Roxb.
Sphaerosacme decandvdall. Pennington

Glochidion velutinunWight

Madhuca longifolia latifolia(Roxb.) A. Chev.

Pyrus pashiaBuch. & Ham.

Morus macrouraMiq.

Castanopsis tribuloideSm.
Azadirachta indicaA. Juss.

Uraria lagopodioidedL.) Desv.
Litsea glutinosgLour.) C. B. Robinson
Diospyros montan&oxb.

Ficus hederace&oxb.

Butea minoBuch.-Ham.

Erythrina variegatalinn.
Syzygium jambao@..) Alston.
Syzygium wallichi{Wight) Walp.
Firmiana colorata(Roxb.) R. Br.
Ficus religiosaL.

Cassia fistulal..

Mitragyna parvifolia(Roxb.) Korth.
Odina wodierRoxb.

Sapindus mukoros§aertn.
Ehretia laevisRoxb.

Terminalia alataHeyne. ex Roth.
Shorea robust&aertn.

Ficus benjamind..

Dalbergia latifolia Roxb.

Ficus racemose.

Albizzia proceraRoxb.) Benth.
Lannea coromandelicéHoutt.) Merr.
Bombax ceibd..

Mallotus philippensigLam.) Muell.-Arg.
Albizzia chinensigOsbeck) Merr.
Dalbergia sissodroxb.

Bauhinia purpured.inn.

Ficus hispidaL. f.

Zizyphus rugoskeam.

Albizzia lebbecKL.) Benth.

Ficus auriculatalLour.
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Ulmaceae
Caesalpinaceae
Lauraceae
Oleaceae
Meliaceae
Euphorbiaceae
Sapotaceae
Rosaceae
Moraceae
Fagaceae
Meliaceae
Leguminosae
Lauraceae
Ebenaceae
Moraceae
Caesalpinaceae
Leguminosae
Myrtaceae
Myrtaceae
Sterculiaceae
Moraceae
Caesalpinaceae
Rubiaceae
Anarcardiaceae
Sapindaceae
Cordiaceae
Combretaceae
Dipterocarpaceae
Moraceae
Fabaceae
Moraceae
Mimosaceae
Anarcardiaceae
Bombacaceae
Euphorbiaceae
Mimosaceae
Fabaceae
Caesalpinaceae
Moraceae
Rhamnaceae
Mimosaceae

Moraceae



82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

Tuni

Utis

Ainselu
Angeri
Asuro
Bandargeda
Basanta kanda
Bilaune
Chutro
Dhurseli
Goru ainselu
Guyalo
Guyesimal
Khirra

Main kanda
Nundhiki
Rudilo

Sano bayar
Sanodhayaro
Ban karela
Bhorla
Birale
Dudhelahara
Gabjolahara
Ghiraula
Gidari lahara
Janai lahara
Kalo ginari
Kane lahara
Kukurdaino
Lahare gayo
Lahare sirish
Pakar

Pani lahara
Purne lahara
Tarul

Amliso

Aule
Bamboo

Ban siru
Banmara

Besar
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Toona ciliataM. Roem.

Alnus nepalensib. Don.
Rubus ellipticussmith
Melastoma malabathricur.
Justicia adhatoda..

Ardisia solanaced&oxb.
Randia fasciaculat§Roxb.) DC
Maesa montan#. DC.
Berberis asiaticaRoxb. ex DC.
Colebrookea oppositifoli&mith
Rubus rugosuSm.

Callicarpa arboreaRoxb.

Perilla frutescengL.) Britton.

Holarrhena pubescen®uch.-Ham.) Wall.

Xeromphis spinosérhunb.) Keay
Osyris wightianawall. ex Wight.
Pogostemon benghalengsum.
Zizyphus mauritiandam.
Woodfordia fruiticosgL.) Kurz.
Momorcordia dioicaRoxb. ex Willd.
Bauhinia vahliiwight & Arn.
Pueraria phaseoloidegRoxb.) Benth.
Hedyotis lineataRoxb.

Milletia extensa(Benth.) Baker
Trichosanthes tricuspidataour.
Premna scanderRoxb.

Clematis gouriand&Roxb.

Dioscorea pentaphylla.

Tiliacora acuminalaLamk. Meers.
Smilax lanceifolisRoxb.

Bridelia stipularis(L.) Blume
Dalbergia volubilisRoxb.

Ficus rumphiBlume

Tetrastigma hookeifLawson) Planch.

Ampelocissus sikkimenfsawson) Planch.

Dioscorea bulbiferd..

Thysanolaena maxim@oxb.) Kuntze.
Croton roxburghiiBalakrishnan
Dendrocalamus strictu@Roxb.) Nees.
Hypoxis aured.our.

Eupatorium odoratunt.

Chlorophytum arundinaceuBaker.
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Meliaceae
Betulaceae
Rosaceae
Melastomataceae
Acanthaceae
Myrsinaceae
Rubiaceae
Myrsinaceae
Berberidaceae
Labiatae
Rosaceae
Verbenaceae
Labiatae
Apocynaceae
Rubiaceae
Santalaceae
Labiatae
Rhamnaceae
Lythraceae
Cucurbitaceae
Caesalpinaceae
Leguminosae
Rubiaceae
Leguminosae
Cucurbitaceae
Verbenaceae
Ranunculaceae
Dioscoreaceae
Menispermaceae
Liliaceae
Euphorbiaceae
Fabaceae
Moraceae
Vitaceae
Vitaceae
Dioscoreaceae
Poaceae
Euphorbiaceae
Poaceae
Hypoxidaceae
Compositae

Liliaceae



124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

Bhede kuro
Bhiringi jhar
Bokre phul
Chiraito
Dubo

Fern

Gai tihare
Gande
Ginger

Gol tapre
Halhale
Jangali kera
Kade jhar
Kans grass
Karkale
Kettuki

Khar

Khole ghans
Khole jhar
Kurilo
Lajjawati
Magarkanche
Mitha jhar
Mothe sag
Nigalo

Niuro

Sano gabjo
Sarp gandha
Sarpa makai
Sisno

Spear grass
Tapre
Titepati

IIIIIIIIIIIIII

T
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Barleria cristatalL.

Alternanthera sessilif..) Hara
Gnaphalium affind. Don.

Swertia angustifoliBBuch.-Ham. ex D. Don.
Cynodon dactylofL.) Pers.

Dryopteris filix-mag(L.) Schott.

Blumea balsamiferdL.) DC.

Houttuynia cordatalrhumb

Zingiber chrysanthunRoscoe.
Tylophora rotundifoliaBBuch.-Ham. ex W.
Elephantopus scabér.

Musa superfd..

Tridax procumbens.

Saccharum spontaneum

Colocasium esculent@..) Schott.

Agave sisaland.

Imperata cylindrica var. cylindricdlL.) P. Beauv.

Ixora undulataRoxb.

Lacanthus peduncularis

Asparagus recemosus subaceroBager.
Mimosa pudicd..

Begonia pictasSm.

Scoparia dulcid..

Cyperus rotundus.

Arundinaria intermediaMunro.
Ampelopteris proliferdRetz.) Copel.
Milletia fruticose(DC.) Benth.

Rauvolfia serpentinglL.) Benth. ex Kurz.
Arisaema tortuosum var. curvatufiRoxb.) Engl.
Urtica dioica L.

Heteropogon contortu@..) P. Beauv.
Cassia toral.

Artemisia indical.

Acanthaceae
Amaranthaceae
Compositae
Gentianaceae
Gramineae
Dryopteridaceae
Compositae
Saurauraceae
Zingiberaceae
Asclepiadaceae
Compositae
Musaceae
Compositae
Poaceae
Araceae
Asparagaceae
Gramineae
Rubiaceae
Urticaceae
Liliaceae
Mimosaceae
Begoniaceae
Scrophulariaceae
Cyperaceae
Poaceae
Aspidaceae
Leguminosae
Apocynaceae
Araceae
Urticaceae
Poaceae
Caesalpinaceae

Asteraceae

Note: T = Tree, S = Shrub, C = Climber and H = Herb
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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.

Keywords: Feeding behavior, food choice, Macaca assamensis, seasonal variation, time investment

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?
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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.



2630

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
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ABSTRACT

A study on Assamese monkeys (Macaca assamensis) in Kaligandaki river basin at Ramdi of Palpa and Syangja districts
of western Nepal was performed. The field study was conducted from February 2015 to January 2016 spending 1804
hours to explore the ecology and feeding behavior of Assamese macaque. The study mainly focused the Ramdi village
area. A total of 24 individuals of Assamese monkeys were counted towards Palpa district and 18 individuals were
counted towards Syangja district. Crop raiding status was examined each year by questionnaire survey method for local
household villagers as well as direct observation by the researcher. It was found that maize (47.14 %) was the highest
raided among the crops, followed by fruits (16.43 %), wheat (11.13 %), millet (5.72 %), rice (4.58 %), potato (4.27 %),
lentil (4.07 %), mustard (1.26 %), pumpkin (1.14 %), bread (0.96 %), brown lentil (0.81 %), broad beans (0.80 %),
sesame (0.60 %), black pulses (0.35 %), dal (0.20 %), cauliflower (0.14 %), tomato (0.1 %), egg (0.1 %), samosa (0.1 %)

and gram (0.1%).

Keywords: Macaca assamensis, Crop raid, Questionnaires, Local villagers, Kaligandaki riverside

INTRODUCTION

Among several species of macaques found in the world,
three species have been reported from Nepal. These are
the Rhesus macaque (Macaca mulatta, Zimmerman
1780), Hanuman Langur (Semnopithecus entellus,
Dufresne 1797) and the Assamese macaque (Macaca
assamensis, McClelland 1839). Information on the
distributions, behavioral ecology and conservation status
of these species are provided by Bishop (1979),
Southwick et al. (1982), Johnson et al. (1988), Jackson
(1990), Chalise (1995, 1997, 1998, 1999, 2000, 2000a,
2000b), Chalise et al. (2001) and Khanal et al. 2018.
Macaca assamensis inhabits the foot-hills of the
Himalayas and the adjoining mountain chains of south-
east Asia including Nepal, Bhutan, north-eastern India,
northern and eastern Burma, southern China, northern and
western Thailand, Laos and northern Vietnam, besides an
isolated record in south-western Bangladesh.

The species of Assamese macaque was recorded from
north Thailand ranging from 610 m to 1830 m above the
sea level (asl) (Sanjay et al. 2003). Chalise (2013)
recorded it from 284 m asl in Abukhaireni, Tanahu to
2350 m asl in Langtang of Nepal. It was reported to cover
wider geographic ranges, with fragmented population,
distributed along rivers in the tropical and subtropical
areas. In Nepal, the reported areas of Assamese monkeys
covered Kankai valley of llam, Sabhaya valley and its
range further extended west to Makalu-Barun National
Park, Melamchi, Langtang National Park (Chalise 2003),
Nagarjun area of Shivapuri Nagarjun National Park,
Makwanpur, Dhading, Myagdi, Ramdi of Palpa and

Syangja districts, Achham district (Chalise, 2003 & 2008;
Wada, 2005), Baglung and Parbat to Chamelia river basin
at 1607 m asl of Api Nampa Conservation Area (Chalise,
2013).

Assamese monkeys have been categorized as endangered
species by International Union for Conservation of Nature
(IUCN) red list category and one of the protected species
by National Parks and Wildlife Conservation Act 1973
due to the low population and conservation threats
(Jnawali et al. 2011). They are kept as Appendix Il of
Convention on International Trade in Endangered Species
(CITES) (Chalise 2013).

MATERIALS AND METHODS

Study area

The study was carried out in Ramdi village area of Palpa
and Syangja districts of Lumbini and Gandaki zones,
respectively. It lies in the western developmental region of
Nepal, but according to the constitution of Nepal 2015,
Palpa district lies in Province No. 5 and Syangja district
lies in Province No. 4. The study area, Ramdi village area
lies about 27 km east of Tansen of Palpa district, at the
mid-point of Siddhartha (Sunauli-Pokhara) Highway. The
study area is situated between 27°54'9.34" N latitude and
83°38'3” E longitude. The altitude is 433 m above the sea
level.

This area is rich in biodiversity which may be due to
presence of alluvial soil along the basin of Kaligandaki
River and high productivity of tropical deciduous riverine
forest (Chalise 2013). Mixed type of forest especially
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tropical deciduous riverine forest, sub-tropical grassland
and sub-tropical evergreen forest are the forest types
found in the study area.

Methods

Information on the data of crop raiding were collected
each year from local household villagers as per the pre-set
questions format as well as by direct observation of the
researcher. More than 200 respondents were randomly

Suvas Chandra Ghimire, Mukesh Kumar Chalise

selected from the people living around the Ramdi area for
this study. The pre-set questionnaires formats were used
to get the information on human-monkey conflicts. The
respondents were interviewed separately to ensure the
independence of the individual response. To minimize the
bias, questions were asked to the villagers on the expected
production of crops without crop raiding and the amounts
of crops after raiding. The data were compiled together
and calculated in terms of percentages.

LEGEND: -
RVERS
INTERNATIONAL BOUNDARY
ADMINSTRATION ZONE BOUNDARIES
ZONE BOUNDARES:

DISTRICT BOUNDARIES

NEPAL

40Km. 20 0 40 80 100K

Kaligandaki Riverside a—

(Ramdi to Ranimahal)

CHINA

EASTERN

Fig. 1. Location of study area (Ramdi area) in the map of Nepal

RESULTS

In this study all the wards of Darlamdanda village
development committee and Khanichhap village
development committee of Palpa district and Malunga
Tunibot village development committee of Syangja
district were found affected by monkey species of Rhesus,
Langur and Assamese. Among all these wards,
Darlamdanda-2, Ramdi village; Darlamdanda-6, Sunadi
village; Khanichhap-2, Ramdi village; Khanichhap-2,
Bardanda village; Khanichhap-9, Padhari village of Palpa
district and Malunga Tunibot-6, Ramdi village of Syangja
district were the most affected by the Assamese monkeys.
According to 33 respondents of Darlamdanda-2, Ramdi
village, a total of 18.98 quintals crop was damaged by the
monkeys. The crop damaged in Darlamdanda-6, Sunadi
village, according to 25 respondents was recorded 31.15
quintals. It was found 1.97 quintals of crop loss in
Khanichhap-2, Ramdi village responded by 8 people. In
Khanichhap-2, Bardanda village and in Khanichhap-9,
Padhari village, the crop loss was recorded 2.3 quintals
and 2.2 quintals, respectively. According to 29

respondents of Malunga Tunibot-6, Ramdi village, the
total crop damage by the monkeys was found 42.04
quintals. The highest crop damage due to monkeys was
recorded in the crop field of Raj Kumar Shrestha. The
total of 11.4 quintals crop was damaged in his field which
included 5.4 quintals maize, 1.8 quintals wheat, 1.8
quintals millet, 0.6 quintal fruits, 0.3 quintal lentil, 0.3
quintal broad beans and 1.2 quintals mustard. This huge
loss may be due to the proximity of field to the forest
being less than 100 m.

The crop loss data were collected to make a generalized
scenario of the area and calculated in average percentages.
It was found that maize (Zea mays) was the highest raided
crop, followed by fruits, wheat (Triticum aestivum), millet
(Eleusine coracana), rice (Oryza sativa), potato (Solanum
tuberosum), lentil (Lens culinaris), mustard (Brassica
nigra), pumpkin (Cucurbita maxima), bread, brown lentil,
broad beans (Vicia faba), sesame, black pulses (Vigna
mungo), dal, cauliflower, tomato (Lycopersicum
esculentum), egg, samosa and gram (Cicer arietinum).
The percentage of crop raided was calculated as 47.14 %
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maize, 16.43 % fruits, 11.13 % wheat, 5.72 % millet, 4.58
% rice, 4.27 % potato, 4.07 % lentil, 1.26 % mustard, 1.14
% pumpkin, 0.96 % bread, 0.81 % brown lentil, 0.8 %
broad beans, 0.6 % sesame, 0.35 % black pulses, 0.2 %

dal, 0.14 % cauliflower, and 0.1 % each of tomato, egg,
samosa and gram. The percentage of total crop raided was
calculated as 30.06% and the average loss of crop items
was calculated as 23.62 % (Fig. 2).

50

A7.14

45

40

35 +

30

25

20 W 1643

15

11.13
10 ~

572
458 427 a07

1.26 1.14 0.96 0.81 0.8 06 035 02 014 01 01 01 0.1

Fig. 2. Percentage of crop raid by Assamese monkeys
DISCUSSION

Crop damage by the monkey species is very common in
Nepal. Upreti (1985) reported that the buckwheat and
barley raided by wild animals in Langtang and Rara
National Parks. Similarly, Jackson (1990) also recorded
the damage to crops by monkeys in the southern boundary
of the Makalu-Barun Conservation Area (MBCA). In
many parts of the distribution range, anthropogenic
habitat alteration has forced the non-human primate into
conflict interactions with humans and their livelihood
activities, especially through crop raiding (Priston et al.
2012). Crop damage caused by raiding primates is one of
the most widespread and common examples of human-
primate conflicts in the areas where local people are
mainly subsistence farmers (Hill, 1998). When the supply
of natural food is not enough, high quality and easily
digested human food is a good alternative form of
nutrition for primates, which could be the most important
cause of the intensity of crop raiding (Khatun et al. 2013).

It was recorded the highest percentage of crop damage by
monkey species was maize 34.12 % which was followed
by potato 23.05 %, rice 12.01 %, fruits 11.68 %, wheat
9.57 %, millet 5.13 %, buckwheat 2.38 % and pulses 2.06
% in Bandipokhara-Palpa of Nepal (Ghimire 2000).
Chalise (1997, 1999) recorded that crop depredation
proportions in different crops. In his investigation in

74

Makalu-Barun Conservation Area (MBCA), the highest
percentage of damage on maize was 32 %, which
followed by potato 24 %, rice 14 %, fruits 12 %, millet 11
%, wheat 4 %, buckwheat 2 % and pulses 1 %. Chalise
(2001) recorded that crop loss in Lakuwa village due to
monkey species was maize 7.76 % and pulses 4.14 %.
During a study in Shiva village, Chalise (2001) noted that
crop loss by the monkey species was maize 13.88 %,
fruits 41.86 %, rice 19.16 %, wheat 8.97 %. Adhikari et
al. (2018) recorded the crops raided by monkeys in Ramdi
area as maize (35 %), vegetables (20 %), pulses (13 %),
fruits (13 %), potato (6 %) and rice (2 %). In this study, it
was found that highest raided crop by Assamese monkeys
was the maize 47.14 % which was followed by fruits
16.43 %, wheat 11.13 %, millet 5.72 %, rice 4.58 %,
potato 4.27 %, lentil 4.07 %, mustard 1.26 %, pumpkin
1.14 %, bread 0.96 %, brown lentil 0.81 %, broad beans
0.8 %, sesame 0.6 %, black pulses 0.35 %, dal 0.2 %,
cauliflower 0.14 %, tomato 0.1 %, egg 0.1 %, samosa 0.1
% and gram 0.1 %. The highest crop damage was found
the maize (47.14 %) and the lowest loss was the tomato
(0.1 %) as well as other cooked food items such as egg
(0.1 %), samosa (0.1 %) and gram (0.1 %). The average
loss of crop items was found 23.62 %. The total crop
raided percentage was found 30.06 %. Present study
shows the highest crop raid maize (47.14 %) in the
Kaligandaki river basin as compared to Ghimire (2000),



Chalise (1997, 1999, 2001) and Adhikari et al. (2018),
those recorded low crop loss in Bandipokhara, Palpa,
Makalu-Barun Conservation area (MBCA) and Ramdi,
respectively. The main reasons for these differences are
due to less availability of natural food plants for the
monkeys and destruction of their habitats (constructing
Kaligandaki corridor) which tends to move the monkeys
to the human settlements and crop fields to raid the crops.

The frequency of crop raiding is affected by the
availability of natural food as well as number of
individuals of the monkeys in the area. Crop raiding is an
essential component of the ecology of primates inhabiting
human settlements (Naughton-Treves et al. 1998) but it is
likely to minimize the tolerance of subsistence farmers
towards conservation of such crop-raider threatened
primate species (Khatun et al. 2013). This fact may be
useful in predicting the vulnerability of the Assamese
monkey survival in Kaligandaki riverside area. Artificial
provisioning causes changes in the diet, home range and
habitat and even the behavior of the monkey (Southwick
et al. 1976). In Ramdi area monkeys are habituated to
human because of provisioning of foods, therefore their
diet, home range, habitat and behavior are also changed.
Most of the respondents believe the scarcity of food,
increase in monkey population, loss of habitat, behavioral
changes of monkeys due to artificial provisioning by
Hindu Pilgrims etc. are the major causes of monkeys
turning into crop-raiders. Monkeys living in the habitat
with fewer wild food resources are more likely to utilize
human settlements and areas around them with
dependence on crop foods (Yamada & Muroyama 2010).
The food provided by the Hindu Pilgrims in temple areas
of Ramdi might have caused behavioral changes and
increased their dependence to provisioned food rather than
foraging from the wild. The food supplied in the temples
may not be enough and to meet the nutrients requirement
the monkeys enter the crop fields, orchards or even the
grain storage houses instead of foraging the wild food,
which increase the conflicts with local people. Crop
raiding by monkey species is one of the serious problems
in the village area (Chalise 1997). Although they raid the
crops, they also help in dispersal of wild seeds in the
forest (Chalise 1999). Monkeys raid the crops, mainly due
to the scarcity of wild edible foods and reduction of their
habitat. Such situation forces them to survive on human
crop field and settlements. The detail assessment of the
habitat quality and its management would minimize the
human-monkey conflicts and it will be helpful in
conservation of the endangered and protected Assamese
monkey species along the Kaligandaki riverside of
western Nepal.

CONCLUSION

The highest raided crop by Assamese monkeys was maize
(47.14 %) along the Kaligandaki river basin of western
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Nepal. Crop damage by the monkey species is a common
problem in the mid-hills of Nepal. Monkeys raid crops,
mainly due to the scarcity of wild edible foods and
reduction of habitat. Human-monkey conflict in Ramdi
area was found to be a serious social problem which may
be due to the proximity of forest to the settlements,
artificial provisioning, availability of palatable crops and
abundance of safe hiding sites on the rocky outcrops on
the bank of Kaligandaki River. Under a systematic
management scheme, we should educate people on the
importance of wildlife including the endangered and
protected Assamese monkey species of Nepal.
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ABSTRACT

Crop depredation study was done on Assamese monkeys (Macaca assamensis) in
Budhigandaki river basin lying on Dhading and Gorkha districts of central Nepal. The field
study was conducted from February 2015 to January 2016 spending 1804 hours to explore
the ecology and feeding behavior of Assamese monkeys. The study mainly focused at Kalleri
village of Salang village development committee of Dhading district and Baseri, Majhitar and
Siurenitar villages of Ghyalchok village development committee of Gorkha district. A total of
16 individuals of Assamese monkeys were counted at Rigdi khola of Sigrepakha community
forest of Salang village development committee of Dhading district whereas a total of 13
individuals of Assamese monkeys were counted at Sandkhola of Benigam community forest
and a total of 14 individuals of Assamese monkeys counted at Siurenitar of Ghyalchok village
development committee of Gorkha district. Crop raiding data were collected by questionnaire
survey method to local households in the nearby villages and also by direct observation.
It was found that maize (58.43%) was the highest raided, followed by rice (11.34%), lentil
(8.74%), peanut (4.35%), soyabean (4.18%), wheat (3.22%), fruits (2.97%), black pulses
(1.87%), potato (1.67%), sesham (0.92%), tomato (0.79%), millet (0.67%), mustard (0.36%),
broad beans (0.25%), brown lentil (0.18%) and pumpkin (0.06%).

Keywords: Macaca assamensis, crop raid, questionnaires, local villagers, Budhigandaki
riverside

INTRODUCTION

Human non-human primates conflict are increasing to the developing countries than
developed countries due to greater biodiversity and lack of prevention measures such as farm
fences, livestock guard (Seoraj-Pillai & Pillay, 2016). In addition, behavioral adaptability of the
macaques facilitates to invading human settlement, and as a result conflicts occur. However,
the interaction between the primates and people is referred to as human primate’s conflict,
which has negative impact on the resources, habitats of both primates and people (Hill et al.,
2002; Hockings & Humle, 2009; Khatun et al., 2013; Ahsan & Uddin, 2014).

Crop raiding primates is the example of human-primates’ conflicts, where most of the local
people are subsistence farmers (Hill, 1988). Crop raiding is a major issue for human-primates’
conflict and conservation of primates (Hill, 1988; Ahsan & Uddin, 2014). Human primates
conflicts are increasing because of conversion to agricultural lands to human settlements as a
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result primate invade human settlement for food and damage crops that are mostly eaten by
them. In some cases, primates especially baboons damage unpalatable crops that they don’t
eat but destroy as their own entertainment (Hill & Webber, 2010).

Assamese macaques (Macaca assamensis) of Nepal are considered as ‘Nepal Population’ by
Conservation Assessment and Management Plan (CAMP) workshop 2002 due to taxonomic
confusion. This population is different from Assamese monkeys described so far from south
and east Asia (Jolly, 1985; Sanjay et al., 2003) in respect to the head-body length, tail length,
T/HB ratio and weight. The body coloration also differs than so far described one. This
population is considered as a new subspecies and needs further taxonomic investigation.
Assessment was carried out at the population level to highlight the status of this unique form
endemic to Nepal. However, a distinct difference in color is also found in higher and lower
elevations of the country, as it is recorded from the altitude of 284 m in Abukhaireni, Tanahu to
2350 m in Langtang, Rasuwa of Nepal.

Local people are more aggressive towards primates when they find economic loss due to crop
damage by primates (Beisner et al., 2015). Palatable and unpalatable crops are damaged
by primates and it depends on the availability and scarcity of food in the areas. Also, the
aggressive human behaviors influence the primates to damage unpalatable crops (Khatun et
al., 2013; Beisner et al., 2015). In Nepal, conflict between human and primates are increasing
due to increased population and primates tried to coexist with human settlement areas. So
human primates’ conflicts are increasing. The present study reveals the crop damage by
Assamese monkey (Macaca assamensis) of the human settlement areas during conflict with
local people in Budhigandaki river basin village of Dhading and Gorkha districts of central
Nepal.

MATERIALS AND METHODS
Study area

The study area lies at Kalleri village of Salang village development committee of Dhading
district and Baseri village as well as Majhitar and Siurenitar villages of Ghyalchok village
development committee of Gorkha district. This is the confluences of Budhigandaki river with
Trishuli river. According to the new constitution of Nepal 2015, Dhading district lies in Province
No.3 and Gorkha district lies in Province No.4.
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FIG. 1. Location of research site in the map of Nepal.

The study area lies about 3 km north from Benighat bazaar of Prithvi Highway. Benighat
bazaar is located at about 85 km west from Kathmandu, the capital of Nepal. The study area is
situated between 27°48' 54.48" N latitude and 84° 46' 33.63" E longitude. The altitude is 401m
above the sea level. The area is rich in biodiversity. Mixed type of forest especially tropical
deciduous riverine forest, sub-tropical grassland and sub-tropical evergreen forest are the
major types of forest along the Budhigandaki river basin (fig. 1).

Data collection

Data of crop raiding were collected from local household villagers as per the pre-set questions
format as well as by direct observation of the researcher. Stratified random sampling method
was used to select respondent for the questionnaire survey. Questionnaire survey was
carried out to estimate the crop damage by the macaque with the local inhabitants in the
Budhigandaki river basin VDCs. The main habitats of the Assamese monkeys were along the
Budhigandaki river basin. More than 200 respondents were selected as sample size from the
study area. The respondents were interviewed separately to ensure the independence of the
individual response. The questionnaires were designed to obtain the people’s perception on
Assamese monkey population change in Budhigandaki river basin area and different aspects
of crop raiding by the monkeys such as frequency, time of the day, types of the crop damaged,
amount of annual loss due to crop raid and methods adopted to prevent the crop raid. To
minimize the bias, questionnaires were asked to the villagers on the expected production of
crops without crop raiding and the amounts of crops after raiding. The data were compiled
together and calculated in terms of percentages as well as in quintals.
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RESULTS AND DISCUSSION

The Kalleri village, Ratmate village, Tarebhir village, Chalise village, Basanta village, Kostar
village and Jharlanditar village of Salang village development committee of Dhading district
and Baseri village as well as Majhitar village of Ghyalchok village development committee
of Gorkha district were found affected by monkey species (Rhesus, Langur and Assamese).
Among all these village areas, the Kalleri village and Baseri village as well as Majhitar village
were found the most affected areas by the Assamese monkeys. As shown in table 1, according
to 23 respondents of Kalleri village, the total crop damage by the monkeys in this village
was found 54.6 quintals in which the highest crop loss (6 quintals) was of household person
Kashai Ram Darlami. The proximity of his damaged crop field to the forest is about 200 m. It
was recorded 4.5 quintals loss in Ratmate village responded by 2 people. In Tarebhir village,
the total loss of 9.6 quintals according to 3 respondents was found. The Chalise village crop
loss was recorded 1.5 quintals responded by 2 people. It was recorded 4.8 quintals crop loss
in Basanta village, 5.7 quintals crop damage in Kostar village and 0.9 quintal crop loss in
Jharlanditar village. According to 25 respondents, the total crop damage by the monkeys in
Baseri village was found 70.5 quintals in which the highest crop loss was recorded at Sabitri
Gurung’s crop field which was 7.5 quintals. The main reason of the huge amount of crop loss
by the monkeys in her crop field is the proximity of damaged crop field to the forest is about
100 m. In the Majhitar village, the total crop damage by the monkeys was found 82.04 quintals
which was responded by 42 local household people. In this village, the highest crop loss was
recorded in two household persons’ crop field namely Resham Lal Shrestha and Bir Bahadur
Gurung which was 5.4 quintals each. The main reason of this huge amount of crop loss by the
monkeys in both the household persons’ crop field is that the proximity of damaged crop field
to the forest is about less than 100 m.

TABLE 1. Village-wise crop damage in quintal by Assamese monkeys.

S.N. Name of village Quintals

1. |Kalleri village 54.6

2. |Ratmate village 4.5

3. | Tarebhir village 9.6

4. |Chalise village 1.5

5. |Basanta village 4.8

6. |Kostar village 5.7

7. | Jharlanditar village 0.9

8. |Baseri village 70.5

9. | Majhitar village 82.04

From the study it was found that maize (Zea mays) was the highest raided crop, then it was
followed by rice (Oryza sativa), lentil (Lens culinaris), peanut (Arachis hypogaea), soyabean
(Glycine max), wheat ( Triticum aestivum), fruits, black pulses (Vigna mungo), potato (Solanum
tuberosum), sesham, tomato (Solanum lycopersicum), millet (Pennisetum glaucum), mustard
(Brassica nigra), broad beans (Vicia faba), brown lentil and pumpkin (Cucurbita pepo). The
crop raided percentage was calculated as maize 58.43%, rice 11.34%, lentil 8.74%, peanut
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4.35%, soyabean 4.18%, wheat 3.22%, fruits 2.97%, black pulses 1.87%, potato 1.67%,
sesham 0.92%, tomato 0.79%, millet 0.67%, mustard 0.36%, broad beans 0.25%, brown
lentil 0.18% and pumpkin 0.06%. The total crop raided percentage was calculated as 24.62%
and the average loss of crop items was calculated as 29.24% (fig. 2).

70

58.43

60

50 A

40 A

30 4

20 A

10 +

435 4.18 322
22 297 1.87 1.67 0.92 0.79 0.67 0.36 0.25 0.18 0.06

FIG. 2. Percentage of crop raids by Assamese monkeys.

In the study area, a total of 32.21 hectares of crop land was found affected by the monkey
species. In that land area, total yield of crop was expected to be 951.15 quintals but 717.01
quintals was observed yield during the study period. It indicates simply that 234.14 quintals of
crops was lost by the macaques. The individual crop loss in quintal is tabulated in table 2.

TABLE 2. Individual crop loss in quintal by Assamese monkeys.

S.N. Crops Quintals S.N. Crops Quintals
1. Maize 136.81 9. Potato 3.91
2. Rice 26.55 10. Sesham 2.15
3. Lentil 20.46 11. Tomato 1.85
4. Peanut 10.19 12. Millet 1.56
5. Soyabean 9.80 13. Mustard 0.84
6. Wheat 7.54 14. Broad beans |0.58
7. Fruits 6.95 15. Brown lentil 0.42
8. Black pulses 4.38 16. Pumpkin 0.15

In Nepal, crop damage problem due to primate species especially monkeys species is acute.
Crop raiding was found as a major cause of conflict though physical hurt and harassment,
taking and grabbing of food materials were also reported as the problems caused by
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monkeys. Upreti (1985) reported that buckwheat and barley were raided by wild animals in
Langtang and Rara National Parks. Similarly, Jackson (1990) also recorded the damage to
crops by monkeys in the southern boundary of the Makalu-Barun Conservation Area (MBCA).
Hill (1997) reported that maize was a staple and preferred crop and was less vulnerable to
other forms of damage. Chalise (2000b) reported that cereals, fruits and tubers are the most
preferred and vulnerable for raiding by macaques in Makalu-Barun Conservation Area. Khatry
(2006) also supports that maize is the prominently vulnerable crop for raiding by primates.

During the study in Langtang National Park (LNP) area, Chalise (2010) recorded that the
crop depredation due to monkey species was highest in maize (43%) followed by potato
(20%), millet (16%), wheat (13%), rice (7%) and buckwheat (1%). Ghimire (2000) recorded in
Bandipokhara, Palpa that the highest crop loss due to monkey species was maize (34.12%)
followed by potato (23.05%), rice (12.01%), fruits (11.68%), wheat (9.57%), millet (5.13%),
buckwheat (2.38%) and pulses (2.06%). Paudel (2016) at his study in Kaligandaki river basin
VDCs of Baglung and Parbat districts recorded the highest raided crop as maize 46.95%
followed by 15.91% paddy, 15.11% potato, 10.84% millet, 6.88% wheat, 2.05% pulses, 1.59%
fruits and 0.66% vegetables whereas Adhikari et al. (2018) at Ramdi area of Kaligandaki
river recorded the raided crop as maize (35%), vegetables (20%), pulses (13%), fruits (13%),
potato (6%) and rice (2%). In this study, it was found that the highest raided crop by Assamese
monkeys was the maize 58.43% which was followed by rice 11.34%, lentil 8.74%, peanut
4.35%, soyabean 4.18%, wheat 3.22%, fruits 2.97%, black pulses 1.87%, potato 1.67%,
sesham 0.92%, tomato 0.79%, millet 0.67%, mustard 0.36%, broad beans 0.25%, brown
lentil 0.18% and pumpkin 0.06%. The average loss of crop items was found 29.24% and the
total crop raided percentage was found 24.62%. Chalise (2001) collected the information
of crop raiding by the interviews in Lakuwa village of Makalu-Barun Conservation Area and
reported that Rhesus and Assamese macaques were the most crop raiders and Langurs
visited the least and the villagers blamed that among the two species, Assamese monkey
was the terrible than Rhesus. He stated that monkey raid heavily to the maize field 29% then
followed potatoes 23% (tubers also), rice 13%, fruits 12%, and millets 12%. The tubers and
fruits came to be 35% of the total loss and the total cereals came to be 65% loss in Lakuwa
village. Adhikari (2013) found crop raiding by Assamese monkey in Lamjung area, 44% maize
followed by 27% potato, 13% millet, 7% wheat, 4% paddy, 3% fruits and 2% vegetables.
Regmi (2008) reported crop raiding in Langtang National Park by 62% for maize, 23% for
potato, 7% for millet, 6% for buckwheat and 2% for other, which result (maize) is similar to the
finding of the present study. The availability of natural edible food items as well as individual
number of the monkeys affect the frequency of crop raid in the area.

In this study, a total of 32.21 hectares of crop land was found affected by the monkey species.
In that land area, total yield of crop was expected to be 951.15 quintals but 717.01 quintals
was observed yield during the study period. It is indicated that 234.14 quintals of crops was
lost by the macaques. Paudel (2016) at his study in Kaligandaki river basin VDCs of Baglung
and Parbat districts recorded 61.18 hectares of land utilized for the cultivation of crops in which
total yield of crop was expected to be 688.29 quintals but 567.74 quintals was observed yield
during the study time and only 120.55 quintals of crops was lost by the macaques. This shows
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the productivity of the land is higher in Budhigandaki river basin area as compared to that of
the Kaligandaki river basin area of Baglung and Parbat districts. The much higher crop loss
household person due to Assamese monkeys was Sabitri Gurung of Baseri village, Ghyalchok
village development committee of Gorkha district, which was 7.5 quintals. The main reason
of the huge amount of crop loss by the monkeys in her crop field is the proximity of damaged
crop field to the forest is about 100 m. and only the women who were for guardening the
monkeys in the crop fields. On the other hand the very little amount of crop loss due to
Assamese monkeys was found on the household person Suku Maya Majhi of Majhitar village,
Ghyalchok village development committee of Gorkha district, which was 0.04 quintal. The
reason for very little crop loss is the nearer distance of crop fields with the human settlements
which is less than 100 m. that help for guardening the monkeys.

Conflicts between people and macaques occur in three broad contexts, all stemming from the
macaques’ dependence on humans for food, whether directly (i.e. provisioning) or indirectly
(crop-raiding, food-stealing). First, macaques damage subsistence and/or cash crops in rural
locales (Chakravarthy & Thyagaraj, 2005; Chalise & Johnson, 2005; Hashim et al., 2009;
Priston, 2005; Riley, 2007; Supriatna et al., 1992; Suzuki & Muroyama, 2010). Consequently,
in agricultural areas, macaques may be viewed as serious vertebrate pests (Engeman et
al., 2010; Knight, 1999; Marchal & Hill, 2009; Wang et al., 2006; Wheatley, 2011). In rural
Morocco, macaques damage commercially valuable timber by stripping the bark (Camperio
Ciani et al., 2001). Second, macaques habituated to close interaction with people at temples
and tourist attractions frequently show undesirable behaviors associated with provisioning,
including human-directed aggression and food-snatching (Fa, 1992; Fuentes & Gamerl,
2005; Zhao, 2005). Third, in urban towns and cities, macaques are sometimes regarded as
a worrisome, potentially dangerous nuisance. Typical problem behaviors include physical
aggression towards people, snatching bags, entering and damaging property, stealing food
and other items, fouling and raiding garbage (Chauhan & Pirta, 2010a; Cortes & Shaw, 2006;
Imam et al., 2002; Md-Zain et al., 2011; Sha et al., 2009; Shek, 2011; Southwick et al., 2005).
The ‘monkey problem may reach such proportions that urban macaques are regarded as a
serious menace (Southwick & Siddiqi, 2011; Southwick et al., 2005; Srivastava & Begum,
2005). A further area of ‘conflict’ arising from close interaction between people and macaques
concerns the potential for zoonotic disease transmission (Fuentes, 2006a; Jones-Engel et al.,
2006; Lane et al., 2010).

Considering their wide geographical distribution and taxonomic diversity, the macaques are
perhaps the most notorious and successful of ‘pest primates’. All species raid crops. Indeed,
certain macaque species- the so- called weeds (Richard et al., 1989)- show a preference for
foraging in the mosaic of habitats created by human settlement, cultivation and pastoralism
and derive a substantial portion of their diet directly or indirectly from people (Richard et al.,
1989). Unlike their ‘pest’ counterparts in Africa- the baboons and vervets-macaques have
formed a commensal relationship with people in many Asian nations (Lane et al., 2010; Sha
et al., 2009; Singh & Rao, 2004; Southwick et al., 2005). Across Asia, macaques are found
in proximity to villages and towns (Aggimarangsee, 1992; Southwick et al., 1961; Watanabe
& Muroyama, 2005); some even make a living in densely populated urban areas (e.g. M.
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mulatta in Indian cities: Mathur & Manohar, 1990; Srivastava & Begum, 2005; M. fascicularis in
residential Singapore: Lee & Chan, 2011; Sha et al., 2009). This close association with people
is facilitated by human cultural attitudes that imbue monkeys with religious and/or symbolic
significance (Burton, 2002; Knight, 1999; Wheatley, 1999; Wolfe, 2002). For example, in
Hindu mythology, monkeys are revered as representatives of Hanuman, the monkey god,
following his key role in the Ramayana, a Hindu Sanskrit epic. Although Hanuman is usually
depicted as a langur (Semnopithecus entellus), in many Hindu cultures, he has come to
represent all monkeys, including macaques. Consequently, orthodox Hindus consider it their
sacred duty to feed macaques (Pragatheesh, 2011). More generally, macaques are commonly
found in association with Hindu and Buddhist temples throughout south and southeast Asia
and southern China, where they are provisioned by devotees and, at some sites, tourists
(Aggimarangsee, 1992; Jones-Engel et al., 2006; Loudon et al., 2006; Medhi et al., 2007;
Southwick et al., 1961; Wheatley, 1999; Zhao, 2005). Whether the monkeys themselves are
objects of worship or rather the sacred temples and shrines they often inhabit (Fuentes et
al., 2005), cultural beliefs held in many parts of Asia have traditionally provided a context for
tolerance and a measure of protection for macaque populations. Nevertheless, this close
coexistence between humans and macaques inevitably leads to conflicts. Moreover, conflicts
are increasingly challenging traditional relationships between people and macaques (Knight,
1999; Southwick & Siddiqi, 2011).

Some Assamese monkeys are killed each year due to their crop raiding habit. The local
villagers believe that after killing some, other monkeys would scare to raid crops. Though their
anger seems natural but this is against the Law and such practice will ultimately hamper the
population of endangered and protected wild monkeys of Nepal. If the villagers get chance to
alter their crops instead of traditional one, there seems to be no crop raiding.

The highest raided crop by Assamese monkeys was found on maize (58.43%)i.e., 136.81 quintals
among the raided crops along the Budhigandaki river basin of central Nepal. Crop damage in
Budhigandaki river basin area was found to be a serious social problem which may be due to the
proximity of the forest to the human settlements, availability of palatable crops, abundance of safe
hiding sites on the rocky outcrops on the bank of Budhigandaki river. Crop damage by wildlife
including monkey species is a common problem in the mid-hills of Nepal. Wildlife becomes pest
whenever a natural system is weakened. Under a systematic management scheme, such intensity
can be balanced. We should educate people on the importance of wildlife and over populated
species should be cropped for the well being of people and wildlife themselves.
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