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Abstract

Southeast Asia experiences an exceptional losatafal habitat due to a deforestation
rate that strongly increased during the last dexatee first consequence is the loss of many
animal and plant species, threatened by their &laldegradation and by the loss of
interactions necessary to the survival of the whedesystem. Large mammals and birds
populations, the principal dispersal agent of sqa@at species, already collapsed massively
due to hunting and habitat fragmentation and nokgatten to die out. Among the large
frugivorous species, primates are particularly ewdble. Only few species, such as macaques,
are able to survive in some man-made habitatstaltiesir opportunistic life-style. But, in the
long term, habitat destruction, hunting and capfardocal trade threaten their survival. The
extinction of primates in Southeast Asian forestaild be disastrous for many plant species
as primates are among the major seed-dispersalsagen

The study ofMacaca the only Cercopithecinae genus in Southeast Asbald
provide a better understanding of the role of chemkched monkeys in tropical rainforest
maintenance and restoration. In this study, we eltogocus on northern pigtailed macaques
(Macaca leonina as few studies were carried out on this speaking data concerning its
ecology and behavior highly limited. Their seedpdisal capacity, although unknown, is
potentially high and pigtailed macaques could begasd seed dispersers as sympatric
frugivores. They seem to eat a large number otsraf many plant species, process seeds
with care, and range daily over large areas. Maedhey could have a role in forest
maintenance and regeneration given that they seeraat species with all seed sizes,
belonging to all plant life forms present in theefst, and they are able to cross various habitat
types (primary as well as secondary forests).

After providing an outline of our current knowlexigon seed dispersal by
Cercopithecinae species and their specific roferiest regeneration, our aim was to highlight
the importance of northern pigtailed macaques oed sdispersal and thus on forest
regeneration by studying (1) how their eco-ethalabjicharacteristics can make them
effective dispersers, from a quantitative and dit@iive point of view, (2) how the influence
of biotic factors, such as resources and predabontheir activities and movements may
impact their seed dispersal effectiveness, andv{®t roleMacacaspp. can have in a seed
dispersal assemblage.

While following a troop of northern pigtailed magees habituated to humans in Khao

Yai National Park, Thailand, we recorded their hetra travels, and consumed items, from



dawn to dusk. Moreover, we studied the spatio-teaibstribution of fruits included in their
diet, and the characteristics of their sleepingssifinally, we performed germination and
viability tests on ingested seeds.

Results showed that northern pigtailed macaquels cbsperse thousands of seeds, up
to 58 mm in length, coming from the 126 fruit sgscithey eat. Especially, they could
disperse them from primary to secondary forestnkbato handling techniques such as
swallowing, spitting and dropping. Finally, the depassage through their digestive tract
mostly had a neutral or positive effect on seedangaition and viability. Macaques observed
in this study satisfied therefore most requiremel@ining effective seed dispersensboth
guantitative and qualitative termasid we can conclude to the potential importanddadaca
leoninain the tropical rainforest regeneration.

To confirm the seed dispersal effectiveneslofeoning we needed to make sure that
its ranging behavior did not negatively affect diged seeds. Moreover, given the
importance of human food in their diet, we wonddfelis resource had a negative impact on
seed dispersal. Our results showed that northegtailgd macaques adapted their ranging
pattern according to fruit availability. Moreovetyring fruit scarcity, they shifted their diet
from frugivorous to omnivorous with an importanttpaf human food. However, human food
did not seem to have an impact on seed dispershigim fruit abundance periods where
macaques had a large home range, traveled lorandest and ate mainly fruits. However, in
low fruit abundance periods, macaques decreased hbene range size, traveled shorter
distances and ate mainly human food. This lattedcbave a negative impact on the seed
dispersal of some rare fructifying species. Howgtleese species were eaten by many other
animal species able to provide good dispersal cesvi

Then, we showed that sleeping sites charactegisticd pre-sleep behavior M.
leoninawere influenced by the proximity of resources #mel risk of predation. Given that
macaques used few sleeping sites, defecated wignubke up and that all troop members
slept concentrated in a small area, we think thay treated a high seed density below the
sleeping treesThis may be harmful for some seed species but neapdmeficial for the
ecosystem. Moreover, this pattern may be shownhereffective seed dispersers in the park.
So as harmful for seeds it may be, it does not npagailed macaques less effective than
other frugivores.

Finally, we demonstrated thdMacacaspeciesare important associates in the seed
dispersal assemblage found in Southeast Asiantforegleed they may disperse most plant

species, usually more efficiently dispersed by othgyivores, and thus provide a significant



complement in term of dispersal quantity. Moreotkey are sometimes the only frugivores
able to disperse the seeds of some species, nangg-seeded and/or protected ones, and
may thus bring them a vital dispersal service.



Résumé

La forte augmentation du taux de déforestationatules dernieres décennies a
engendré une perte exceptionnelle d’habitat en ésisud-est. La premiére conséquence est
la perte de nombreuses especes animales et végataeacée par la dégradation de leur
habitat et par la perte des interactions nécessairéa survie de tout I'écosystéeme. Les
populations de grands mammiféres et oiseaux, agkntlispersion principaux de certaines
especes végétales, ont déja fortement diminuéismnrde la chasse et de la fragmentation de
I'habitat, et sont désormais menacé d’extincticernit les especes de grands frugivores, les
primates sont particulierement vulnérables. Segledques especes, telles que les macaques,
sont capables de survivre dans des habitats faggrard’Homme, en raison de leur mode de
vie opportuniste. Mais, a long terme, la destructie leur habitat, la chasse et les captures
pour le commerce local menacent leur survie. Lietion des primates dans les foréts du
sud-est asiatique serait désastreuse pour de nosasrespeces végétales étant donné qu’ils
font parti des principaux agents de dispersiongiases.

L’étude des macaques, le seul genre de Cercopitteeprésent en Asie du sud-est,
pourrait fournir une meilleure compréhension dwerdes singes a poches jugales dans le
maintien et la restauration des foréts tropicdigsis avons choisi de focaliser notre étude sur
les macaques a queue de cochon du Ndfdc@ca leoning car peu d’études ont été
effectuées sur cette espéce, rendant trés limigdedonnées concernant son écologie et son
comportement. Leur capacité a disperser les grabiea gu’inconnue, est potentiellement
élevée et les macaques a queue de cochon pouréient’aussi bons disperseurs que les
frugivores sympatriques. lls semblent manger besuabe fruits de nombreuses especes,
manipuler les graines avec précautions, et se c&miahaque jour sur de grandes étendues.
De plus, ils pourraient avoir un role dans le mamet la régénération des foréts étant donné
gu’ils semblent manger des espéces produisantrdeseg de toutes tailles, appartenant a tous
types de plantes et qu’ils sont capables de travedsvers types d’habitats (les foréts
primaires autant que les foréts secondaires).

Aprées avoir fourni un apercu de nos connaissaacéiselles sur la dispersion des
graines par les especes de Cercopithecinae etdluspécifique dans la régénération de la
forét, notre but était de souligner I'importance deacaques a queue de cochon du Nord dans
la dispersion des graines, et donc dans la régmédes foréts en étudiant (1) comment leur
caractéristiques éco-éthologiques peuvent fairexdtes disperseurs efficaces, d'un point de

vue quantitatif et qualitatif, (2) comment l'inflnee des facteurs biotiques, telles que les



ressources et la prédation, sur les activitésues ldéplacements peut influer sur leur efficacité
en tant que disperseurs de graines, et (3) quelleéélespéces déacacapeuvent avoir dans
un réseaux de disperseurs de graines.

Pendant que nous suivions une troupe de macaquegewe de cochon du Nord
habitués a 'lHomme dans le parc national de Khaip Maailande, nous avons enregistré leur
comportement, leurs déplacements et les itemssgodhsommaient, du matin au soir. De
plus, nous avons étudié la distribution spatio-teralle des fruits inclus dans leur régime
alimentaire, et les caractéristiques de leurs gi@wsoirs. Finalement, nous avons testé le
potentiel de germination et la viabilité des graimegérees.

Les résultats ont montré que les macaques a qiewwnchon du Nord pouvaient
disperser des milliers de graines mesurant jusg@’enm et venant des 126 espéces de fruits
gu’ils mangeaient. En particulier, ils pouvaiergpirser ces graines de forét primaire en forét
secondaire, grace diverses techniques de maniqultdiles que la défécation, le recrachage
et le dépobt. Finalement, le passage des grainesvers leur tractus digestif avait un effet
majoritairement neutre ou positif sur la germinatiet la viabilité de ces graines. Les
macaques observés dans cette étude satisfont danpl@part des conditions requises pour
étre des disperseurs de graines efficaces en taefengaantité et de qualité, et nous pouvons
conclure a l'importance potentielle ddacaca leoninadans la régénération de la forét
tropicale.

Pour confirmer I'efficacité d®l. leoninaen tant que disperseur de graine, nous avions
besoin d’étre slrs que ses déplacements n'affattpées négativement les graines dispersées.
De plus, étant donné I'importance de la nourriturenaine dans leur régime alimentaire, nous
nous sommes demandé si cette ressource avaitetmeéfjatif sur la dispersion des graines.
Nos résultats ont montré que les macaques a queuwmachon du Nord adaptaient leurs
déplacements en fonction de la disponibilité eritdruDe plus, pendant les périodes de
raréfaction de fruits, ils changeaient leur régipogeir passer de frugivores a omnivores avec
une part importante de nourriture humaine. Cependatte derniere ne semblait pas avoir
d’'impact sur la dispersion des graines en périatiegorte abondance de fruits, quand les
macaques avaient un grand domaine vital, se déefdacaur de longues distances et
mangeaient principalement des fruits. Cependantjg# les périodes de faible abondance de
fruits, les macaques diminuaient la taille de ldoamaine vital, se déplacaient sur de plus
courtes distances et mangeaient principalementd®ulrriture humaine. Celle-ci pourrait

donc avoir un impact négatif sur la dispersion gieénes des rares especes fructifiant a cette



période. Cependant, ces especes étaient aussi amamtgpar de nombreuses autres especes
animales capables de fournir de bons servicesspedion de graines.

Ensuite nous avons montré que les caractéristiqles sites doroirs et les
comportements liés au sommeil d& leonina étaient influencés par la proximité des
ressources et le risque de prédation. Etant doneéles macaques utilisaient peu de sites
dortoirs, déféquaient au réveil et que tous les bremde la troupe dormaient concentrés sur
une petite surface, nous pensons qu’ils produisaiar forte densité de graines sous les
arbres dortoirs. Ce peut étre néfaste a certaispgeces de graines mais bénéfique a
I'écosystéme. De plus, ce pattern est observe diaetres disperseurs efficaces dans le parc.
Ainsi, aussi néfaste pour les graines qu’il s@tpattern ne fait pas pour autant des macaques
a queue de cochon une espece moins efficace qaatles frugivores.

Finalement, nous avons démontré que les macatpiest&d’'importants associés dans
les réseaux de disperseurs présents en Asie dessuén effet, ils peuvent disperser de
nombreuses espéces, bien que souvent plus effieatelispersées par d’autres frugivores, et
ainsi fournir un complément significatif en ternts quantité de graines dispersées. De plus,
ils sont parfois les seuls frugivores capables idpetiser les graines de certaines espéces,
principalement celles a larges graines et/ou mudiese protection, et peuvent ainsi leur

apporter un service de dispersion vital.
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1. An alarming ecological situation

1.1 Biodiversity and deforestation

Southeast Asia includes th& Bottest biodiversity hotspot: tHerdo-Burma region.
This area features exceptional concentrations démic species but experiences exceptional
loss of habitat (Myers et al. 2000). Indeed, deftaigon strongly increased during the last
decades and only less than half (41.3-44.2%) optimeary forest was still visible in 2004. If
the current rate of deforestation is maintainedjtBeast Asia could lose three-quarters of its
original forest by the next century (Sodhi et &02). The first consequence could beltss
of more than 40% of animal and plant specief this area during the ZTentury (Brook et
al. 2003). Large mammals and birds populationsadlyecollapsed massively due to hunting
and habitat fragmentation, and now they threatetigmut (Corlett 2007; Corlett 2002; Peres
2000).

Animal and plant populations are directly threatenby deforestation and
fragmentation limiting their habitat, and indirectly by thess of interactionsbetween living
organisms necessary to the survival of the whotesystem (Bleher 2000). Large frugivores
are among the first affected by this loss of halbecause they need more food and larger
foraging areas and tend to occur at lower denditi@s ecologically similar small species do,
they mature later and reproduce more slowly thaallsspecies, and they tend to be preferred
by hunters and, therefore, are subject to heavyirmpressure (Johns & Skorupa 1987,
p.168). Consequently, the principdispersal agentsof some plant species disappears
(Cordeiro & Howe 2001).

1.2 What about primates?

Among the large frugivorous species, primates aréiqularly vulnerable (Chapman
et al. 2003; Estrada & Coates-Estrada 1996; Joh8&dupa 1987; Onderdonk 2000). Johns
and Skorupa (1987) have shown that the percentdgeaitoand flowers in the diet (in primary
forest) and the survival ratios of primates werersily negatively correlated. Southeast Asia
possesses a large number of primate species amatprendemics, most being confined to
intact forest (Johns & Skorupa 1987). Only a fewecsps, such as macaques, are able to
survive in some man-made habitats, due to theioxppistic life-style (Johns & Skorupa

1987). But, in the long termhabitat destruction, hunting and capture for local trade
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threaten their survival (Humphrey & Bain 1990). Téxtinction of primates in southeast
Asian forests would be disastrous for many plaet&s since primates are considered as part

of themajor mammalian seed-dispersal agent&Corlett 2002).
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2. Succession and dispersal

2.1 Succession

Tropical forests aredynamic systemsexhibiting both temporal and spatial variations
in their ecology (Cowlishaw & Dunbar 2000) and ttwmposition and structure of species
may be affected by these directional changes (Rarled al. 1999). Thus, in some plant
communities, while the abundance of many speciedings, sometimes up to their
disappearance from the area, the abundance of gpleeres, more invasive, increases. Such
transitory communities are namsdccessional communitiegBarbour et al. 1999) and the
sequence of these successional communities, reglasach other in an area, is called
succession(Barbour et al. 1999). The ultimate stage of a ession is observed when the
communities do not show any more directional chafge centuries. Then, they are
considered in balance with their environment amdcatledclimax communities (Barbour et
al. 1999).

Succession induces a continuum between each si@mt@Essommunity and it is thus
difficult to make a distinction betwegmimary andsecondary forestCorlett 1994). In this
thesis, climax forests will be considered as priyrfarests given they do not show any more
sign of previous degradation and have the sama-@tosystem dynamics as intact forests.
On the contrary, earlier successional communitidsbe considered as secondary forests.
They were previously degraded and still carry awmias signs of this degradation. Their
structure, as well as their composition, differsacly from primary or climax forests (de Jong
et al. 2001). During the last decades, a signifigart of primary forests has been used to
provide areas for forest agriculture or human eeténts (Sodhi et al. 2004; Wright & Muller-
Landau 2006). However, when these areas are abandtmy may return to forest after
several succession stages, turning then from sacpiharests to climax forests.

During the first succession stages, ground tempexand dryness are higher due to
the lack of plant cover. Plant succeeding undesdhextreme conditions must be sun- and
dryness-tolerant species. The growth of theiemeer species- mainly grasses and shrubs
(Benitez-Malvido 2006) — allows the progressivesaig of the plant cover and, thus, the
establishment odhade-tolerant speciesAs shade and moisture gain the forest, otheriepec
— mainly trees, lianas, epiphytes and hemi-epighyBenitez-Malvido 2006) — establish and

replace the pioneer species. Species of primargdéstolerant species) and secondary
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(pioneer species) forests differ not only by theegetative system but also by their

reproduction (Box 1.1).

Box I.1 Usual characteristics of primary (shade-tolerant) vs secondary (pioneer)

plant species

Primary Secondary
Growth Slow Rapid
Life span Up to 100s years Maximum 7-25 years
Size Large Small
Seed size Large Small
Dispersal Zoochory (large animals) Anemochory, Zmrg (small animals)

(Corlett & Hau 2000; Finegan 1996; Murali 1997; \Werle 1997)

2.2 Seed dispersal: a necessary process to succession

2.2.1 Plants life cycle

The life of a plant is like a cycle divided intodwnain phases: theegetativeand the
reproductive phases. At the end of the lattegeds(Box 1.2) produced by the plant are
dispersed and, if the environment is suitable, tyyninate and establish as new individuals.
These latter three stagesdispersal germination andestablishment(Box 1.2) — are thus
crucial but also limiting stages in the life of pta (Balcomb & Chapman 2003; Holl 1999;
Stoner & Henry 2008).

Box 1.2 Glossary

Fallback food: present year-round but incorporated into the @ieen most preferred
foods are scarce (Doran et al. 2002; Marshall .e2@0D9; Marshall & Wrangham 2007);
presumed to be vital to sustain consumer populatidmring periods of food scarcity
(Brockman & van Schaik 2005).

Phenology the study of seasonal cycles of biological phesoane.g. the periodic
flowering and fruiting of trees. (Forest RestoratResearch Unit 2006; p.182)



Primate fruit : fruit syndrome defining fruits that are more attive to primates as being
large, large seeded fleshy fruits with an orangesor coloration sometimes with husks, or
harder coverings (Chapman & Russo 2007; Corlet81S%ner & Henry 2008).

Seeds considered according to their ecological sensethe hard bodies in the center of
ripe fruits. Thus, true anatomical seed tissues beagxcludedd.g.arils), and fruit-derived
tissues may be included.g.endocarps) in a seed. A seed defined in this wagsponds
to the unit dispersed from the parent tree. (Lic&orlett 1998)

Seed dispersal movement of seeds away from their parent plardatifdh & Muller-
Landau 2000);

Primary dispersal: movement of seeds away from their parent planthieyfirst dispersal
agent (Chapman & Russo 2007);

Secondarydispersat subsequent movement of seeds after they have disparsed by
primary dispersal (Wright et al. 2007).

Germination: splitting of the seed coat and spreading of thigledons (Wenny 2000). It
consists of three overlapping processes. Firstlpoélasorption of water causes swelling of
the seedifnbibition) and splitting of the seed coat. Théood reservesare mobilized
(from the endosperm) and transported to the emimyoot (radicle) and shoot (plumule),
which begin to grow and push against the seed doaally, the radicle and plumule
emergethrough the seed coat (Forest Restoration Reséamt2006).

Establishment process during which a germinating seed takes, nages up parental
provisioning, and assumes independent growth asdliag.

Autochory (i.e. dispersal by explosion);

Anemochory (i.e. dispersal by wind): seeds generally very small kgiat, often having
structures (“wing”, “parachutedtc) in order to limit their fall; fruits usually dry;

Barochory (i.e. dispersal by gravity);

Hydrochory (i.e. dispersal by water): used by plants located ateithge of water and
producing seeds or fruits able to float;

Zoochory (i.e. dispersal by animals): seeds hold on to the ani@eabzoochory; fruits
usually dry), or are swallowed or stored in cheekighes (endozoochory; fruits usually

fleshy).



Introduction — Succession and dispersal

2.2.2 Multiple advantages for plants

Plants and animals depend on each other for theivaurof their populations
(Andresen 1999; Chapman & Chapman 1995). Frugivbsasefit from this relation by
winning food through theugar-rich flesh of fruits and seed dispersal is an important gsce
for plants reproduction (Andresen 1999). Indeed, thanks to the survivalaofeed, the
mother-plant, the population and finally the wheleosystem can succeed. Several studies
showed that the survival of fallen fruit is not fsziEnt to maintain populations of many
tropical tree species (Chapman & Onderdonk 1998ap@tan et al. 1992). Thus, seed
dispersal would be necessary to the survival adahgopulations and would determine their
potential rates of recruitment, invasion, rangeaggion and gene flow (Nathan & Muller-
Landau 2000).

But how can seed dispersal favour plants?

Escaping competition and predation

Many studies showed that seeds distribution follavehiaracteristic pattern. The curve
describing the number of dispersed seeds accordinipe distance to the parent tree is
leptokurtic (i.e. with a more acute peak around the mean and taits). Basically, it means
that most seeds fall directly under the parent ffée remaining is dispersed away from the
parent tree, with a progressive decrease the tail) in seeds number as the distance to the
parent tree increases (Willson & Traveset 2000).

The reduction in seeds number away from the pdreatis correlated with a reduction
in their density. According to th#anzen-Connell model(Connell 1971; Janzen 197@pn-
dispersed seeds- i.e. simply falling from the parent’s canopy to the gnd and facing a
higher density — havelawer probability of survival (Bleher 2000; Chapman & Onderdonk
1998). This is due tdistance- and density-dependent effects-irst of all, competition for
resources (water, nutrients) between seeds ofaiime $ree is stronger if these seeds are close
from each other (Gathua 2000; Howe & Smallwood 198hen, predators, pathogens,
parasites, herbivorestc strongly respond to a high seed density (Gatlid®2Janzen 1970;
Mangan et al. 2010) by concentrating their acegitwhere resources are common. Seed
dispersal may decrease this predation by limitirghcentrations under parent trees
(LoGiudice & Ostfeld 2002).

However, the density effect on the survival probgbis not easily predictable.

Actually, this effect seems to be higtdpecies-specifiChapman & Chapman 1995, 1996;
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Chapman & Russo 2007; Lambert 2005; Lambert & Clapf005). This variability can be
explained by the interaction of two factors. Thexamity to the parent tree can imply a
strong seed density and thubigher seed predation(Connell 1971; Janzen 1970; Levin et
al. 2003). But, it can also imply the presence oksy specificmicrohabitat, essential for
seeds and seedlings’ establishment (Levin et &I32Mepending on the particular rarity of
this sort of microhabitat, seed dispersal can everasionally be harmful for some seed
species (Lambert 2001; Lapenta & Procopio-de-Qia/2D08).

This “escape hypothesis (Howe & Smallwood 1982) implies disproportionate
success for seeds escaping the vicinity of thenpaas compared with those that fall nearby.
Thus, even short dispersal distances can resutiginer seedling survival (Clark & Clark
1984; Gathua 2000; Janzen 1970; LoGiudice & Os2elR).

Colonizing disturbances
Seed dispersal would promote the colonization afnopabitats by helping pioneer

species to invade degraded areas. This assumggticalled the ¢olonization hypothesis
(Howe & Smallwood 1982).

Reaching suitable sites
Seed dispersal would increase the probability fiofding sites suitable for

establishment(Willson & Traveset 2000). Thisdirected dispersal hypothesis (Howe &
Smallwood 1982) implies adaptations ensuring sé@dsach this kind of sites (Gross-Camp
& Kaplin 2005; Wenny 2001). Some species requirknde conditions to germinate and
establish. Seed dispersal can be a rewarding gyrateincreasing the likelihood that at least
some offspring reach the appropriate location (Wil & Traveset 2000). Several studies
have highlighted this type of interactions. Wen29(1) related the example of some ant
species which take along seeds in their nest iera consume their lipid-rich arils. Then,
seeds can be abandoned in the nest where theyitboei a strong concentration in

nutrients.

Avoiding inbreeding

The ecological and evolutionarguccessof any species ultimately depends on its
ability to disperse andpread its genegPannell 2007; p.360). We know that seeds aretbett
source of genetic diversity than pollen becausg tentain genes of both parents (against
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only one for pollen) (Forest Restoration Researafit 2006). But, if a non-dispersed
offspring reaches adulthood, the risk of futurer@daling is high (Willson & Traveset 2000).
Seed dispersal is thus important to allow a comgectetic mixing between individuals of the

same species (Forest Restoration Research Uni) 20@@oavoid inbreeding

Increasing biodiversity

Seed dispersal determines thgatial and genetic structureof plant populations
(Levin et al. 2003) but also increases the biodingmwithin the ecosystem. According to the
Janzen-Connell model (Connell 1971; Janzen 197y, seeds dispersed at some distance
from the nearest adult conspecific will survive.eT¢pace left available between the trees of
this species will enable the establishment of asrosipecies (Wright & Duber 2001). Thus,
the coexistence of several species and even theaepe of rare species can be observed
(Howe 2000). This is the first step to thiediversity maintenanceor evenincrease

The spatial distribution of individual plants mees intra- and interspecific
interactions, such as competition and density-de¢pein mortality, whose balance affects
species coexistence (Chapman & Russo 2007). Fonm@galimited seed dispersal of a better
competitor may permits poorer competitors to esthlib a particular site (Chapman & Russo
2007). Such limitations brought to a broader scale contribute to the maintenance of the
plant biodiversity (Palmer 1994; Wright 2002).

2.3 Prevalence and effectiveness of dispersers

2.3.1 Definition

Two factors import when defining the role playedd®ed-dispersing animal in plant
regeneration (Andresen 2002):
a theprevalence i.e. the number of species dispersed by the targeedisp within
the total number of species present in the plamngonity and
a theeffectivenesqSchupp 1993) depending on:
- thequantity of dispersed seeds for each species, as well as
- thequality of this dispersali.e. the probability that a dispersed seed
survives to produce a new reproductive adult
These two factors are complementary. Thus, an dnirhase dispersal is prevalent
but non effective will be of little interest in tas of forest regeneration. On the other hand, a

species that is a very effective disperser for @anfgw plant species would be of great interest
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for these species but of limited interest for foregeneration. The best would be to maintain
healthy populations of animal species, both actsgprevalent and effective dispersers
(Andresen 2002).

2.3.2 How to measure effectiveness?

Disperser effectiveness is ideally defined in terof ‘the contribution a disperser
makes to the future reproduction of a plant’ (Schupp 1993). In order to measure it, the best
would be to compare the number of new adult plandsluced by the dispersal activity of an
animal to the number produced by others. Howeiable estimates of these data can be
very difficult to obtain. That is why measures lhsmn seedlings, which may be nearly

equivalent, are generally used.

The quantity depends on theumber of visits made by a seed disperser at a feeding
location. It will be influenced by several elemenirst of all, theabundance of seed
disperserscan strongly vary according to the site. Then,itgortance of fruits in the diet
and thechoice of individual fruits specieswill induce differences in the number of visits.
Finally, thetemporal and spatial reliability of seed dispersers is also important. A reliable
seed disperser visits plants throughout the ddys,seasons and the years (this kind of
temporal reliability is also called “predictabilit{Balcomb & Chapman 2003)), and visit also
all individuals of all populations throughout thenge of the plant species (Schupp 1993).

The quantity also depends on ttember of seeds dispersed per visiwvhich is the
product of thenumber of seeds handledy theprobability a handled seed is dispersed
(Valenta & Fedigan 2008). The quantity is thus regtg influenced by the length of a visit
and by the handling method used by the animal (@zhl093). However, according to
Schupp (1993), the number of visits made by a skeguerser would be a better predictor of

the total quantity of seed dispersed than is thebar of seeds dispersed per visit.

The quality of seed dispersal also depends on several eleméings of all, the
quality of the seed treatment in the gutis evaluated from thaumber of intact digested
seedsand thegermination percentage and latencyf these seeds. These figures generally
vary according to the length of time seed spenthéngut (Schupp 1993; Traveset & Verdu
2002).

-11 -
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Then, the quality of seed dispersal depends onjulaéty of seed depositionusually
discussed in terms of thprobability a seed will be deposited in a suitablsite (Herrera &
Jordano 1981; Schupp 1993). However, sites arsimgly suitable or unsuitable. Indeed, the
suitability of a site depends on the context: ifeeHistory stage (seed survival, germination
and seedling growth and survival), the period, #redsite (Schupp 2007). The seed disperser
can make the distribution of seeds they dispersg ga the disperser can also make vary the
distribution of the survival probabilities creat@8ichupp 1993). Thus, the habitat selection,
the rate and directionality of movements away fribw@ fruiting tree, the rate and pattern of
seed deposition, as well as the diet can stromglyence this element. In turn, each of these
elements is influenced by the morphology, physigland behavior of the seed disperser, as
well as the morphological and ecological charastes of the dispersed species. In brief,
suitable sites should provide (1) the stimuli neaeg for breaking seed possible dormancy,
(2) the conditions, such as light and temperatgyired for germination to proceed, (3) the
resources, such as oxygen and water, used in garonn and (4) the absence of hazards,

such as seed consumers, competitors and pathogens.
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3. Organization of the thesis

3.1 Objectives of the study

This thesis relates the results obtained durinditeelong-term field study carried out
on Macaca leoninaContrary to a vast majority of studies, we dedidie depict the overall
plant-animal interaction process from both the atiand plant points of view. On the one
hand, we studied the importance of macaques indispdrsal and thus in forest regeneration.
On the other hand, we studied the influence ofuess and their availability on activities
and movements of macaques. These two influencas forcycle and are completely

dependent from each other.
3.2 Organization

This thesis consists of five chapters followinge tifiormat of journal articles
(Introduction — Methods — Results — Discussion terature cited) which can thus be read
independently. The general conclusion allows cotimgdhe discussions developed in each
of the chapters. A final bibliography gathers b# references cited in the introduction and in

the chapters.

The Chapter 1 Cercopithecinae as under-appreciated and over-perseted
gardeners in African and Asian disturbed habitat§ provides an outline of our current
knowledge on seed dispersal by Cercopithecinaeiespemnd their specific role in forest
regeneration. Also, this literature review showswvheoercopithecines’ tolerance to human
disturbance may influence their importance as sispersers in degraded areas, and how

much human-cercopithecines conflicts may be harrfdulforest conservatiorthe study is

submitted to Conservation Biology.

In the Chapter 2Frugivory and seed dispersal by northern pigtailedmacaques,
Macaca leonina in Thailand”, | analyze the effectiveness of northern pigthileacaques as
seed dispersers. | provide quantitative and quiatalata on pigtailed macaques’ diet, seed

processing, and dispersahe study is submitted to the Journal of TropicedlEgy.
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In the Chapter 3Ihfluence of wild and human food resources on rangig patterns
of northern pigtailed macaques Macaca leoning”, | examine how a troop of pigtailed
macaques may adapt its ranging behavior accordinthe spatiotemporal distribution of

fruiting trees and may adapt its diet by includmgnan food during fruit scarcityhe study is

submitted to the American Journal of Primatology.

In the Chapter 4Sleeping site selection and pre-sleep behavior inild pigtailed
macaques, | investigate which pressure — predation andésources proximity — influences
the physical characteristics and location of slegites, trees, individuals’ place in the tree,

posture, and behavior of a troop of pigtailed maeadrhe study is published in American Journal of
Primatology (2011) 73:1222-1230, DOI 10.1002/aj298.

The Chapter 5The role of Macacaspp. in seed dispersal networKs allows putting
seed dispersal by pigtailed macaques back in a miotegical context by exploring the
specific and complementary seed dispersal senatddacaca species in relation to other
seed dispersers usually encountered in a seedrsi$pgssemblage in the Indo-Malayan

region.The study is submitted to the Raffles Bulletinaufl@gy.
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4. Study species: Macaca leonina (Blyth, 1863)

Considering the innumerable species registerechénIUCN red list (2011), it is
unfortunately necessary to chose those which wedione the focus of conservation efforts.
Thus, when the overall goal is to maintain the negation ability of the tropical rainforest
(Andresen 2002; Howe 1984), seed dispersers halve pwotected. In this study we chose to
focus on thecontribution of northern pigtailed macaques (Macaca leoning in the
regeneration of the tropical rainforest Indeed, few studies were carried out on this isgec
most of them being research notes (Davies 199(0y@lip2001; Khamcha & Sukumal 2009)
or only small parts of larger multi-species stud{gsamura et al. 2002; MacKinnon &
MacKinnon 1987; Suzuki et al. 2006; Whitington 1992 evaluations of its conservation
status (Choudhury 2003). Consequently, data comaits ecology and behavior are highly
limited (Choudhury 2008; Feeroz et al. 1994), mgkits study all the more important that
today this species is considered vulnerable (IJUOGN1Y. The main threats are forest
degradation — as, despite its high adaptabiMy,leoninaalways need forest to survive —,
hunting and capture from free-ranging populatioasexploit them for picking coconuts
(IUCN 2011; Sponsel et al. 2002). A better knowkedg Macaca leoninawould allow a

better protection since a degradation of its hakitth endanger this species, in the short term.

4.1 Description

4.1.1 Phylogeny and distribution

Order Primates
Suborder Anthropoidea
Infraorder Catarrhini
Family Cercopithecidae
Subfamily Cercopithecinae
Genudacaca

Northern pigtailed macaques belong to the family @drcopithecidae and the

subfamily of Cercopithecinae (Fooden 1975). LikéeotOld World monkeys, they are
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characterized by a relatively close-set, downwartimg nostrils, ischial callosities and non-
prehensile tail (Martin 1990).

Macacais one of the most widespread genera of non-hymniamates. Indeed twenty-
two species are found from North Africa to EastadAddelson 1980; Fooden 1980; Thierry et
al. 2004). Today, authors distribute them in asie¢aree main species groups (Delson 1980;
Fooden 1980): thsilenusgroup (whichM. leoninabelongs to), théascicularisgroup and the
sinicagroup.

Macaca leoninais phylogenetically close tdM. nemestrinabut the former is
distributed in Bangladesh, Cambodia, China, Indiap People's Democratic Republic,
Myanmar, Thailand and Viet Nam (Figure 1.1), white latter occurs in Peninsula Malaysia
itself, and on the islands of Borneo and Sumatraldgtott 1986). Both, previously sub-
species ofM. nemestrinawere recently considered as two independent epd&ippoliti
2001).

Macaque diversity in Thailand (seven specibk: fascicularis M. mulattg M.
assamensjsM. arctoides M. silenus, M. nemestrinand M. leoning is probably related to
habitat diversity. Indeed, Thailand is an arealafat transition where deciduous forests are

replaced by evergreen forests (Crockett & Wilso8)9
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Figure I.1. Distribution of Macaca leonina (modified from IUCN 2011)
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4.1.2 Social behavior

The social organization of northern pigtailed mamesq is characterised by
multimale/multifemale groups which consist of several adult males, a bemof adult
females, and their offspring (Melnick & Pearl 198Moreover, they show a high degree of
sexual dimorphism (males range from 6.2 to 14.arkg) females from 4.7 to 10.9 kg).

In most macaque species, the adult sex ratio faviaur of females (Ménard 2004).
Indeed,M. leoning seems to be characterized by a high number ddlésrper male, with an
average of more than four females per male (1:4@%ne study troop (Albert, unpublished
data). It is the same case fdr nemestringOi 1990),M. SilenusandM. Arctoides(Ménard
2004).

In every animal species, group size varies accgrdo pressures depending on
resource abundance and predation (Melnick & Pe@87) In pigtailed macaquesemi-
terrestriality enables to exploit larger areas. This increasssurees accessibility, and thus
allows the survival of larger groups (Raemaeker€&@vers 1980). Thus, according to food
availability, the group size of their closely reldtspeciegyl. nemestrinaranges from nine to

81 individuals (Oi 1990), which is comparable wdtther macaque species (Ménard 2004).

4.1.3 Diet

Macaques are the mosimnivorous of frugivorous primates. According to the
National Research Council of the National Acaden2893), their diet is composed of fruits,
leaves, animals, bark, roots, pith, flowers andshudushrooms, and grass. However, they
prefer to eafruits when availabled.g.Hanya et al. 2003).

Macaca leoninamainly moves on the ground, which is known to dase the costs of
long-distance travels (Rodman 1979) and incredsevariety of food sources by enabling
foraging on invertebrates, ground vegetation, fuagd fallen fruits (Caldecott et al. 1996) to
which arboreal species do not have access. Pigtaigcaques thus have the possibility to
forage in all levels of the rainforest canopy amdtlee ground which enables them to exploit
climax evergreen forests as well as secondary torasd to survive in poor forests with

scarce and scattered food resources.
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4.1.4 Seed processing

Various fruit and seed processing techniques cansee by cercopithecines. They
differ according to the primate and plant speci€bhapman & Chapman 1996; Kaplin &
Moermond 1998; Lambert & Garber 1998; Yumoto et 1898). Thus, a frugivore can
alternate several seed processing behaviors demeodi phenology patterns and resources’
availability (Kaplin & Moermond 1998).

Cercopithecines mainly:

- swallow. The whole seed is swallowed, often with pulp. Mipalp is removed using the
teeth and/or into the gut. Finally, the seed i®dafed.

- spit out. The whole seed is put into the mouth and oftém ihe cheek-pouches. Then pulp
is removed using the teeth, and, finally, the ssexpat out.

- drop. The whole fruit is held in hands. Pulp and/or@pe are removed without entering
the mouth. Then the seed (with or without pulpjrispped.

- destroy. The seed is crunched and destroyed with the .tddtbn seed fragments are
swallowed or spat out.

Thus cercopithecines can be (Kitamura et al. 2002):

- seed dispersersvhendispersing intact seeds by either endo- or exozmych
- neutral consumerswhen leaving the seed intact under the parent tree.

- seed predatorsvhendestroying the seed.

4.2 Interest of pigtailed macaques

4.2.1 Why pigtailed macaques?

Several frugivore species coexisting with pigtailedcaques are known to be good
seed dispersers. However, pigtailed macaques teués good seed dispersers.
1) They eaffruits in quantity . This important frugivory implies the potentiasdersal of
many seeds (Latinne, unpublished data).
2) They eat digh number of speciesmore than other frugivores (Kitamura et al. 2002)
3) Like gibbons (McConkey 2000), thegut seems tgrocess seeds with car@.atinne,
unpublished data).
4) Their cheek pouchesenable them to spit out seeds, which increasesithaoer of

techniques used to process seeds.
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5) They have darge home range(Rowe & Myers 2011), larger than other species
considered being good seed dispersers, such asngilfb6 to 57 ha: Savini 2005).

More than being simple seed dispersers, northgtailed macaques could play an
important role at various stages of successiomdguarest regeneration.
)] They seem taross various habitatsduring the same day (Latinne, unpublished data).
i) They are semi-terrestrial (Latinne, unpublished data). Their fast terrestrial
movements can increase dispersal distances anteghaln to cross deforested areas.
1)) They eat fruits of plant species belongingtioplant life forms present in the forest,
from shrubs and lianas to tall trees. This divgrstprobably due to the variability in fruit
resources (Chapman & Russo 2007). According tonkita et al. (2002), macaques and
bulbuls are the only seed dispersers consumindruiits of arboreal shrubs. However, these
shrubs play a central role at the beginning of ession because they enable the future
establishment of sun-intolerant species, partibullwanks to a supply of shade and moisture
on the floor.
iv) They belong to therare large frugivores still present in Southeast Asia and
potentially able to disperse large seeds. Thisarsiqularly relevant as many primary forest
species are characterized by large seeds.

As suggested by some authors, pigtailed macagqueéd be one of the most important

seed dispersal agents (Corlett 1998).

4.2.2 Pushed aside for bad reasons?

Cheek pouches would have a negative effect on seed dispersal

Macaques are pushed aside of dispersal studiegsafmus reasons. First of all, they
tend to store fruits in their cheek pouches ant@gi many seeds, but some studies (Lambert
1999) showed that the majority of seeds were spiatioder the parent tree. This induced the
idea that macaques were not good seed dispersevgeudr, this technique could strongly
benefit to several species. For some, it will redtite probability of pathogen attacks by
removing the pulp (Lambert 2001). For others, whiefuire precise edaphic and ecological
conditions, it will avoid the dispersal of seedsagwfrom the microhabitat specifically
adapted to their needs (Lambert 2001), which cootchave been the case via fecal dispersal.

Moreover, passage in the cheek pouches can imgerae germination. Yumotet al. (1998)
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showed that some plant species germination rate® wmgnificantly higher for seeds
dispersed via the cheek pouches than for contedsseFinally, seed spitting increases the
diversity of techniques used by macaques to haselels (to swallow, to spit out, to drop)
(Chapman & Russo 2007). When appearing within Hmesplant species, this diversity of
handling techniques diversifies the dispersal domb of this species, perhaps inducing an
increase in its germination probabilities (Grossapa& Kaplin 2005; Kitamura et al. 2002).

Pigtailed macaques would be seed predators

During a long time, pigtailed macaques were comsilleas seed predators
(Brockelman pers. com.). However, today we haveaesto think that the proportion of seed

species destroyed by macaques is low (Latinne Uighelol data).

The deposit would be inadequate

Sometimes, pigtailed macaques’ feces contain a hugaer of seeds, in particular
when they ingesFicus seeds. This clumped deposition can be harmfupéeies requiring
some distance between seeds to ensure their suandagermination. These aggregations
contrast with the dispersal carried out by smaitidior bats which defecate in flight, thus

scattering seeds over a wide area (Lucas & Cdrg48).

Digestion would have a negative effect on seed dispersal

The retention time determines the abrasive effecthe seed-coat and germination
success could decrease as retention time incrgasageset & Verdu 2002). However,

pigtailed macaques, like every cercopithecines, heae a long retention time.
4.2.3 An important but little known species
Actually, these received ideas come franportant gaps in our knowledge of this
species Today, very little is known about pigtailed magag in natural environments, their

seed processing techniques and their role in segxkrdal. In fact, this lack of data even

relates to the lack of studies on seed dispersahfmy mammal groups in Paleotropics.
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4.3 Study troop: base data
4.3.1 Habitat use

During our study, we collected base data on a tfopabituated northern pigtailed
macaques living around human settlements. Withinttbop home range, we distinguished
two types of habitat: human settlements and foreste ‘human settlemeritshabitat
included tourist and associated buildings (staffigneg, restaurants, bungalows), as well as
the road crossing the tourist area, other housirggction of the river and a small section of
forest directly adjacent. Thddrests habitat refers to the continuous natural hakdiad the
river crossing the study area > 10 m away from the husettements.

Studied pigtailed macaques displayed temporal tians in their habitat use over the
study period. First, they spent more time near hhusatlements in the early morning and late
afternoon, and more time in the forest in-betwdeaguyre 1.2). Second, they spent more time
near human settlements during the dry season (Nosetno April), and more time in the

forest during the wet season (May to October) (FediLB).

100% ~
80% -
60% A B Human settlements
40% O Forests
20%
0% ‘ ‘

O ® © ©® © © © © O O© < O©®
ISR IS SR N SN SEUEN SIS\ SN SIS SIS SIS
NN SEENSSERN CHERN S HEENS NN NN SN SN N,

Percent of observations

Time

Figure 1.2. Percentage of macaques’ observations in each habitat (Human settlements and
forests) according to day time. Ny =159 observations during scan sampling; Ng,,=1304;
Ny700=2002;  Nigo=1874; Niygo=1784; Nig0=1719; Ni1,0=1658; Nipge=1665; Ni30=1638;
N,400=1600; Ni500=1697; N,4.00=1817; N,5,0,=1960.
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Figure I.3. Percentage of macaques’ observations in each habitat (Human settlements and
forests) according to months. N, ,=1492 observations during scan sampling; Ny, =2010;
Ny, =1781; N, =1432; Ny, =1876; N,,,=1552; N;,=1426; N,,=1829; N, =2031; N,,~1735;
Nuow=2041; N, =1672.

4.3.2 Activity budget

The studied macaques also showed temporal varsatiotheir activity budget. They
were mainly moving or inactive during the early miag. Then, they showed a peak of social
behaviors. After that, they foraged and ate whitevimg. In the late afternoon, they resumed
social behaviors and inactivity (Figure 1.4). Siani{/, macaques’ activity budget varied
according to months (Figure 1.5). There was a pgeakovement in April. During the wet
season, they continued to move a lot and, duriegltly season, they moved and ate less and
socialized more. Finally, macaques’ activity budgetied according to age-sex classes

(Figure 1.6). The main difference lied in that ygumacaques moved more than adults.
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Figure 1.4. Percentage of observations macaques were engaged in each activity according to day
time. Ny, =159 observations during scan sampling; Ny =1304; Ny.,:=2002; Nign=1874;
Nogo=1784; Nygpe=1719; Niyj,0=1658; Ny =1665; Nz =1638;5 Nyypg=1600;  Nis5,00=1697;
Ni600=1817; N;7.00=1960.
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Figure I.5. Percentage of observations macaques were engaged in each activity according to
months. N,,=1492 observations duting scan sampling; N, =2010; Ny, =1781; N, =1432;

Ny, =1876; N

W =1552; N, =1426; N, =1829; N,

-25 -

=2031; N,,=1735; Ny, =2041; Np,..=1672.



Introduction — Study species: Macaca leonina

B Others
Social

U Foraging
O Feeding

B Movement

B Inactivity

100% -
g
g 80% -
c
>
3
2 60%
=}
S
S 40% A
=
v
2 0 -
g 20%
A

0%

AM AF Immatures

Figure I.6. Percentage of observations macaques were engaged in each activity according to age-
sex class (AM: adult males; AF: adult females; Immatures: sub-adults, juveniles and infants).
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4.3.3 Diet

=10,343

The studied macaques were omnivorous-frugivorbigai(e 1.7) and often included

human food in their diet (rice, fruits, bread, hiss, etc.).
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Figure I.7. Percentage of observations macaques were eating each item. N=1818.
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The type of items consumed by macaques varieddagivhabitats (Figure 1.8). As
expected, macaques ate more fruit in the forest, lmmman food and fruit in similar

proportions near human settlements.
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Figure 1.8. Percentage of observations macaques were eating each item according to habitats
(Forests and human settlements). Neorests 729; Nium=1093.
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5. Study site: Khao Yai National Park, Thailand
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5. Study site: Khao Yai National Park, Thailand

5.1 Location

The study took place at the Khao Yai National R&¥NP; 2,168 km?; 14° 05'-15'N,
101° 05'-50'E), in Thailand (Figure 1.9). The stusite is located around the park Visitor
Center, an area of seasonally wet evergreen f(fresest Restoration Research Unit 2000) at

700-800 m of elevation and including a ranger staéind various tourist accommodations.

Thailand

Visitor center
— River

() House

Khao Yait National Park

Figure 1.9. Study site.

5.2 History

Around the 1950’s, before the park establishméandits took advantage of the
isolation of mountains to settle and started tarckome forest fragments for cultivation. But
in the early 1960'’s, these people were evictedjilgasome patches of degraded forest, still

recognizable in the current grasslands and secypifidaasts found around the Visitor Center.
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When the KYNP, first park in Thailand, was estdi®d in 1962, Thailand’s tropical forest
had already suffered from a strong deforestatiae,td the high population growth following
the World War Il. Today the KYNP is still the thitdrgest park of Thailand and is part of the
Dong Phayayen - Khao Yai (DPKY) forest complex, n@vWorld Heritage Area,
incorporating four National Parks and one Wildl&&anctuary, and covering 6,199 km?
(Figure 1.9).

The park is relatively well protected now, bull guffers from poaching of the tree
Aquilaria crassnafrom which the resinous heartwood called agarwisagsed as incense or
for its essential oil in perfumery, and is stillbsoitted to small-scale encroachments around
its north-western and south-eastern margins (Lyegah 2006).

In 1996, a 30-ha Long Term Biodiversity Researdbt PBrockelman 1998) was
established in the Mo Singto area, close to thi Wasitor Center, to study gibbons’ diet and
foraging behavior in details. The plot is still dday researchers to study gibbons’ and birds’
ecology and forest dynamics.

5.3 Climate

The climate is monsoonal with a wet season (frony kéaOctober) and a relatively
dry season divided into a cool (from November tbrbary) and a hot (from March to April)
period. The mean monthly temperature ranges frofC 1@ecember, January) to 24°C
(March, April) and the annual precipitation aver®@e504 mm with monthly averages of 69
mm in the dry season and 353 mm in the wet sed@06(2010). Rainfall and temperature

patterns were similar over the study years (200B320

5.4 Flora

The KYNP is mainly covered by evergreen or seneirgkeen forest, with small areas
of mixed deciduous forest, scrubland and grasglaypgam et al. 2006). Trees can reach 45 m
in height (Kitamura et al. 2002) and the densitytreles with a diameter at breast height
(DBH) > 10 cm is 490 ha(Savini 2005).

Most phenological studies carried out in tropicahforests seem to show a strong
seasonality in fruits’ availability which is oftecharacterized by peaks of abundance and
periods of scarcity (Raemakers et al. 1980 for [s=agt Asia). The rainy season, due to high
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temperatures and, in particular, strong rainfaads to favour fruit ripening (Corlett 1998).
Thus, in Southeast Asia, fruit diversity and aburt@aare relatively high during the rainy
season and reach a low point at the beginningefitly season (Kitamura et al. 2008). This
seasonal variation influences strongly the frugagdlcommunity which faces irregularities in

its food resources.

5.5 Fauna

The KYNP hosts 46 mammal species, including foumate species: the white-
handed gibbon Hylobates laJ, the pileated gibbonHylobates pileatys the slow loris
(Nycticebus coucangand the pigtailed macaqudldcaca leonina Macaques and gibbons
are known to be feeding competitors (Whitington 29% also contains 358 bird species and
63 reptile species.

Both birds and mammals include macaques feedingpetitors — the great hornbill
(Bucero bicorni}the wreathed hornbillAceros undulatys the oriental pied hornbill
(Anthracoceros albirostrjs the brown hornbill Anorrhinus tickell), the Asiatic black bear
(Ursus thibetanys and the Malayan sun beadréus malayanys— but also potential
predators — the clouded leopahkpfelis nebulogathe Asian golden cafFé€lis temminck)i,
the mountain hawk eagleSpizaetus nipalengisand the crested serpent eagI8gpilprnis
cheelg.

-31-



CHAPTER 1

Cercopithecinae as under-appreciated and over-persecuted

gardeners in African and Asian disturbed habitats

Albert, A., McConkey, K., Savini, T., Huynen, M.-C. Cercopithecinae as under-appreciated and
over-persecuted gardeners in African and Asian disturbed habitats. Submitted to Conservation
Biology.
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Résumé

La déforestation provoque un déclin mondial ddabohdance des populations de
frugivores et réduit la biodiversité des forétptoales. Les espéces végétales a large graines,
provenant des foréts primaires, sont menacéeslleardgpendent d’'un nombre restreint de
grands disperseurs, eux-mémes vulnérables carssajetine chasse sélective et a la
dégradation de leur habitat. Parmi ces dispersearigines especes sont plus tolérantes que
d'autres face aux dégradations induites par I'Hommes cercopithécines sont
particulierement résistants étant donné leur semedtrialité et leur régime omnivore.
Cependant, cette tolérance aux hommes pourrajté€tomg terme, la raison principale de leur
disparition. L’augmentation croissante de la popoitahumaine provoque une compétition
directe entre 'Homme et les populations d’animasauvages, augmentant d’autant la
fréquence des conflits Homme-vie sauvage. La pamemégative des cercopithécines par
les populations locales est une menace majeurel@auconservation. Ceci est d’autant plus
alarmant que les cercopithécines sont parmi leks siksperseurs efficaces pour les espéces a
large graines dans les habitats dégradés d’AsaéAdtique. En effet, les cercopithécines
manipulent les graines de différentes maniéresevgnt ainsi déféquer, déposer ou stocker
les graines dans leurs poches jugales. L'utilisatie ces-derniéres permet aux macaques de
manipuler de larges graines a mesure qu’ils seadépt. Cette caractéristique, combinée avec
de larges domaines vitaux et des groupes génénalegnands, résulte en la dispersion de
beaucoup de graines loin de leurs arbres pareat;a&dire la ou la probabilité de survie de
ces graines est plus importante. La conservatio adecopithécines pourrait donc étre
primordiale pour la régénération des foréts dégradéendant essentiel la compréhension des
causes de conflits Homme-cercopithécines afin dyr le déclin des populations de

Cercopithecinae.

Mots-clés: primates ; fragmentation ; dispersion des grajmégénération de la forét ; Asie ;

Afrique.
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Abstract

Deforestation induces a global decline in the pepan abundance of frugivores and
reduces tropical forest biodiversity. Large-seegémht species from primary forests are
threatened by disturbance as they depend on actedtnumber of large-bodied dispersers
that are vulnerable to extinction through selectiwmting and habitat degradation. Among
these dispersers, some species are more tolerartutean disturbance than others.
Cercopithecines are particularly resilient to disance because of their semi-terrestrial habits
and omnivorous tendencies. However, this tolergnceuman disturbance could be, in the
long term, the very reason for their disappearaftsealating human population growth
brings human and wildlife populations into direcimgetition, increasing the occurrence of
human-wildlife conflicts. The negative perceptidncercopithecines by local people poses a
major threat to their conservation. This is a caokeoncern because cercopithecines are
among the only effective dispersers of large seedssian and African disturbed habitats.
Cercopithecines handle fruits in multiple ways, amaly swallow, drop or store seeds in their
cheek pouches. Cheek-pouch use allows the monkegsotess large seeds as they move;
this characteristic combined with large home ranged frequently large groups results in
many seeds being scattered away from parent tndese the probability of seed survival is
higher. The conservation of cercopithecines coutdskgnificant for the regeneration of
degraded forests. It is essential that the cau$ebuman-cercopithecine conflicts are

understood to mitigate declines in Cercopithecp@gulations.

Key words primates; fragmentation; seed dispersal; forggmeration; Asia; Africa.
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Introduction

Habitat disturbance and hunting

Global deforestation rates have been increasimy the last decades (Pereira et al.
2010). This results mainly from the increased exglion of natural resources, such as palm
oil, timber or firewood, following human populatiogrowth (Butler & Laurance 2008;
Cowlishaw & Dunbar 2000; Wright & Muller-Landau 28)0 The disturbed habitats that are
createdi(e. fragmented, logged or cleared areas) are charaeteby the loss of many animal
and plant species (Brook et al. 2003), directlynfrtheir habitat limitation, and indirectly
from the loss of inter-specific interactions neeegdo the ecosystem survival (Dunn et al.
2009; Wright & Muller-Landau 2006). The deforestackas are frequently converted to
plantations, pastures, or even urbanized areasewieer animals can thrive (Cowlishaw &
Dunbar 2000), and even these animals are ofteratdmed by hunting (Corlett 2007,

Laurance et al. 2006).

The disappearance of seed dispersers

The global decline in frugivore diversity and ptgiion abundance has consequences
for forest maintenance, regeneration and, in thg kerm, biodiversity (Dirzo 2001). Forest
disturbance and hunting remove seed dispersergatthtors (Corlett 2007; Kirika et al.
2008; Wright et al. 2007). On the one hand, thendhace of some plant species is reduced,
due to a lack of seed dispersers (Chapman & Chad@@h; Muller-Landau 2007). On the
other hand, the density regulation of already comsyecies is limited, because of a lack of
seed predators (Muller-Landau 2007; Wright et @0®.

Functional replacement of a lost frugivore mayplbesible (Howe 1984) but has not
yet been documented. Redundancy in the seed digpels of a frugivore is less likely for
especially effective dispersers (Brodie et al. 2008rdano et al. 2007; McConkey &
Brockelman 2011) and those that are able to disfdarge seeds. Indeed, the dietary overlap
between large frugivores, especially birds and malsntends to be low (Donatti et al. 2011,
Savini & Kanwatanakid-Savini 2011). Even a reduttio frugivore population abundance
can have the same effect as its local extinctibrthe decline prevents that species from
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providing its services at the required levels (dskdw & Dunbar 2000; McConkey & Drake
2006; Redford & Feinsinger 2001).

The last big seed dispersers

Seed dispersal becomes especially critical foedibregeneration as land degradation
becomes more severe and less floristic resoureesvailable (da Silva et al. 1996; Duncan &
Chapman 2002). This problem results mainly fromltve number of animal-dispersed seeds
that are brought into disturbed areas (Duncan &piman 1999; Vulinec et al. 2006) exerting
low attraction on potential dispersers by their lsuit abundance (da Silva et al. 1996) and
high predation risk (Duncan & Chapman 200@any studies highlight the seed dispersal role
of birds and bats in disturbed habitats (MedelliG&ona 1999; Muscarella & Fleming 2007).
Seed dispersal by primates might also be impoffiantestoration (Lambert & Chapman
2005) but remains understudied, given the abundahpemates in tropical forests (25-40%
of the frugivore biomass; Chapman 199)imates are particularly important in the dispersa
of mid- and late- successional species (Duncan &p@Gtan 2002; Kaplin & Lambert 2002).
These species are often characterized by larges geetl0 mm) (Kaplin & Lambert 2002)
which can only be ingested by a few species ofelarggivores (Chapman et al. 2009;
Cramer et al. 2007; Kitamura et al. 2002), vulnkrdb extinction due to selective hunting
(Chapman et al. 2009; Vanthomme et al. 2010) ahitdidoss or degradation (Corlett 1998;
Johns & Skorupa 1987; Kitamura et al. 2002). Thiasforest fragments where seed
dispersers’ populations have been reduced, anaserén the proportion of small-seeded
species has been documented (Chapman & Onderd@& C8amer et al. 2007). Today, the
restoration of Asian and African forests in criticaituations could come from
Cercopithecinae (Gray, 1821), which are often highligivorous, effective dispersers and,

interestingly, surviving in human-disturbed areas.

The aim in this review was to evaluate the potémtnportance of Cercopithecinae as
seed dispersers in disturbed habitats, by summgrithe literature on their tolerance to
disturbance and their role in seed dispersal. Weeraened which cercopithecine

characteristics enhance their tolerance to habisatirbance, reviewed the literature on their
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seed dispersal role and assess how this role cheriedicial for the maintenance or recovery

of forest-dependent plant species in degraded .areas

Methods

We searched the available literature for studiescercopithecine seed dispersal,
habitat tolerance and threats. Tolerance to diaha® was classified as follow: (1) highly
tolerant species (T+) are able to survive in higllilsturbed habitatse(g. urban areas); (2)
tolerant species (T-) are able to survive in distdr habitatsg.g. rural areas, plantations,
young secondary forests, fragments); (3) intoleispecies were know to be intolerant to
habitat disturbance.

Variations between cercopithecine species accgrttirhabitat-occupied, locomotion
mode, diet and intensity of cheek pouch use coxjdaé their tolerance to disturbance. To
assess the relative importance of each factor teraning the tolerance of cercopithecine
species we used a multivariate analysis. We usedtbgram Statistica 10.0 to perform a
Multiple Correspondence Analysis (MCA) on the 52aps for which we had complete data.
Factors included in the MCA were habitat (ForespreBSt+Non-forest, Non-forest),
locomotion mode (Terrestrial, Semi-terrestrial, émbal), diet (Omnivorous, Omnivorous-
Frugivorous, Omnivorous-Other, Other diet), intenhsif cheek pouch use (Low, Medium,

High), and tolerance to disturbance (Low, Mediurnghl of each cercopithecine species.

Cercopithecinae

Range and habitats

The family Cercopithecinae includes 12 genera @ndspecies (Wilson & Reeder
2005) (Appendix 1.1). Eleven of these genera astriduted in sub-Saharan Africa. The
remaining genudylacacg is one of the most widespread non-human primateig, with 22
species (33% of all cercopithecine species) randgnogn North Africa to East Asia.
Cercopithecinae species are adapted to a rangabatats. Most species (94%) have all or
some populations inhabiting forests, with the remmg species found in non-forest habitats
(Appendix). All Cercopithecinae species live withime tropics (Oates 1987), except two

speciesacaca fuscatandM. sylvanuywhich are adapted to temperate areas.
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Human-disturbance tolerance

Contrary to the vulnerability their large bodyesiand mainly frugivorous diet suggest
(Johns & Skorupa 1987), 57% of cercopithecine gseaie tolerant to human disturbance and
only 21% are intolerant (tolerance of the remair286 is not known) (Appendix 1.1). Some
species even seek human presence for the advairittgyesides (.e. weed species; Richard
et al. 1989) with nine species (13%) able to persisurban environments. The MCA
ordination mainly related tolerance level to habithet and locomotion mode (Figure 1.1).
The first MCA axis accounted for 59% of the variarend separated species according to
diet, cheek pouch use and habitat. The secondragiesented 23% of the variance, and
separated species according to tolerance leveldaetd The MCA ordination enabled us to
distinguish three clusters: (1) arboreal specieh low tolerance to disturbance; (2) terrestrial
species living in non-forest habitats and usingrtisheek pouches infrequently; and (3)
omnivorous, semi-terrestrial species, living inefgtrand non-forest habitats and showing a
high tolerance to disturbance. These results shbat the high tolerance of some
cercopithecines species could be due to their RAeghbility and adaptability (Hill 2000;
Johns & Skorupa 1987) — behavioral (traveling andhound as well as in the trees) as well
as dietary (omnivorous). Thus, they can adapt th@me range size and location as well as
their diet to habitat disturbance (Tutin et al. Z89Twinomugisha et al. 2006), such as forest
clearing for agriculture (Riley 2007), or even ei{phuman activities (Boulton et al. 1996;
Ram et al. 2003). On the contrary, forest dependpaties, due to their arboreal habits or

their reliance on more specific dietary items assllikely to be tolerant to forest disturbance.
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Figure 1.1. Trait values and inter-trait distances for the first two axes obtained in the Multiple
Correspondence Analysis. Gray ellipses indicate clusters of traits discussed in the text. Only traits
accounting for more than the mean variance of the axis are shown on the graph. Habitats:
Forestt+Non-forest, Non-forest; locomotion mode: Terrestrial, Semi-terrestrial, Arboreal; diet:
Omnivorous; intensity of cheek pouch use: Low; level of tolerance to disturbance: Low, High.
Genera are also shown for information.
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Conflict with humans

Disturbance tolerance favors the survival of cpittecines but could also cause, in
the long term, their disappearance. Human popularowth brings human and wildlife into
direct competition within an increasingly overlapginiche (Priston 2005; Sillero-Zubiri &
Switzer 2001). Most cercopithecine genera have latipus that raid crops and come into
conflict with farmers —Papio (Weyher et al. 2006)Macaca (Priston 2005) Cercopithecus
(Naughton-Treves 1998)Chlorocebus (Saj et al. 2001),Mandrillus (IUCN 2011),
TheropithecugLee & Priston 2005)Erythrocebus(Lee & Priston 2005kand Cercocebus
(Wieczkowski 2005). Indeed their intelligence, thability to travel quickly on the ground

(79% of species are terrestrial or semi-terre$taad their cheek pouch use (enabling them to
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store more food) make them successful crop-rai(Marren 2008). Agonistic interactions

between cercopithecines and humans in cities (GlraghPirta 2010) frequently lead to a

negative perception of the monkeys by local peopléch also poses a major threat to their
conservation (Hill & Webber 2010; Lee & Priston 3)0The lethal control of “pests” has

caused the extinction of several animal speciesofidfe et al. 2005) and cercopithecines
could undergo the same fate since macaques, balamohservet monkeys are sometimes
killed in retaliation for raiding (Boulton et al996; IUCN 2011; Priston 2005; Strum 2010).

Seed dispersal by Cercopithecinae

The disturbance tolerance of cercopithecines cbaldssential for the regeneration of
degraded areas as they can contribute to seedrshspe disturbed areas or between
fragments. Moreover, even some species, seemirgpgrdient on intact forests, regularly
cross gaps, or feed in the non-forest matedg.(when they raid crops) and are potentially
important seed dispersers across gaps and intradksgjareas.

All cercopithecine species are omnivorous (witle texception ofTheropithecus
geladg (Appendix 1.1) and 70% are partially frugivoro@ercopithecines are unique among
primates because they disperse seeds in threerediffavays (Yumoto et al. 1998):
epizoochory (dispersal via the outside of the ahineag. by dropping), endozoochory
(dispersal via feces.e. by swallowing) and synzoochory (dispersal by sigfiruit in cheek
pouches and spitting seeds out). They alternasetbeed processing techniques according to
phenology patterns, plant species and resourcdabiy (Kaplin & Moermond 1998;
Tsujino & Yumoto 2009) and may even use variousodén patterns for the same plant
species. This creates a unique seed shadow andnceease the species’ germination
probability (Gross-Camp & Kaplin 2005; Schupp et2010). Cercopithecines may also be
seed predators for certain species (Dominy & Dur2@0b; Wrangham et al. 1998; Chapter
2).

-40 -



Chapter 1 — Cercopithecinae as under-appreciated and over-persecuted gardeners in
African and Asian disturbed habitats

Spitting-out

Cheek pouches — oral, bilateral sacculations fdrmehe inferior mouth part (Murray
1975) — are a major characteristic of cercopitheinhey are used by animals mainly to
store fruits while continuing to move, which hasékcial consequences for seed dispersal
(Lambert 2005). The whole fruit is taken into theuth and may be stored in the cheek
pouches. Fruits are then returned one by one tortlecavity where pulp is removed and the
seed is spat oufhis process avoids carrying inert seed bulk ingbe(Lambert 1999) and
increases the nutrient gain though a more efficidggh mastication (Corlett & Lucas
1990).The variability in size and position of chepuches among the different genera
matches the variability in the documented use efctieek pouches (Murray 1975) (Appendix
1.1). Most species (72%) have large cheek poudiesuse frequently, while the six species
with small cheek pouches use them infrequently.
This uniqgue mode of seed dispersal has severalfiteeteseed dispersal, and, potentially, to
restoration of degraded areas. Although seedispitias frequently been associated with
high proportions of seeds spat under parent treamijert 1999; Lambert 2001), high
removal rates have been documented for some ppacies (McConkey et al. unpublished
data) and it can be an effective form of dispe(8&tConkey & Brockelman 2011). Spat
seeds are frequently scattered singly over thesfdl@or as the monkey travels from the food
source, at recorded distances exceeding 100 miiids&j Yumoto 2009). These seeds may
have a lower risk of attack by density-dependeatigtors and higher germination compared
to clumped seeds. Pulp removal is also advantageotise seed because pulp often contains
germination inhibitors (Cipollini & Levey 1997; Tvaset 1998), and this action would be
beneficial in areas where alternative dispersexsat available.
Cheek-pouch use also allows cercopithecines teedisparge-seeded species, since they are
limited by cheek-pouch size (not by what they caml®w) and can potentially disperse
larger seeds than seed-swallowing primageg.25 mm inCercopithecus lhoestis 15 mm in
Pan troglodytes schweinfurthiGross-Camp & Kaplin 2011). Finally, when cercbpitines
do not swallow seeds, which would be inert bulkheir gut, they can probably consume
many more seeds than seed swallowing primates €t€a& Lucas 1990; Lambert 1999;
McConkey & Brockelman 2011).
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Swallowing

Seed swallowing — and subsequent deposition irfdbes — is the most commonly
reported seed handling behavior in primates ancergdly results in the longest dispersal
distances (Chapman & Russo 2007). Cercopithesiagsamong and within species in the
maximum seed sizes they swallow (4 mnMacaca fascicularigfLucas & Corlett 1998); 20
mm in Macaca leoningChapter 2); 30 mm i€ercopithecus nictitan€hapman et al. 2009);
42 mm inMandrillus leucophaeugAstaras & Waltert 2010)) but swallowed seeds tende
smaller than spat seeds (Lambert 1999; Lucas &@dr998).

Seed swallowing has two potential benefits to sdispersal. First, defecated seeds are
retained longer than spat or dropped seeds, negulih longer dispersal distances.
Cercopithecines have among the longest gut retertimes across the primate orderg
25.8 hours inPapio anubis 19.7 hours inCercopithecus ascaniuys31.5 hours in
Cercopithecus aethioptambert 1998; Lambert 2002), contrary to mosgifrarous primates
whose gut passage times are typically in the rafgefew hours (Setchell & Curtis 2003). As
cercopithecines can cover relatively long distandaity (200 to 13,000 m/day, with most
populations traveling more than 1000 m/day) (Apmpentll), they are potentially long
distance dispersers. When combined with a toleramcisturbance, they can disperse seeds
between forest fragments (Duncan & Chapman 2002).

Seed swallowing also affects germination becausemechanical or chemical
scarification of the seed coat (Traveset & Verd020 removal of the pulp which reduces
pathogen attack and removes germination inhibicasnbert 2001; Pringle et al. 2007), and
the presence of fecal material which may influemegmination and/or future seedling
growth. The few studies that have been conductedeotopithecines, however, have found
positive, neutral or negative gut passage effeiegendent on plant species (Otani 2004).

The clumped seed deposition resulting from defecatan be harmful to species
requiring distance between seeds to ensure thedivati(Janzen 1970; Kwit et al. 2004), and
cercopithecines are probably poor dispersers oéaeslly small seedse(g. Ficus species)
because they are frequently deposited on the groumtbumps containing 1000’s of seeds
(Chapter 2). This contrasts with dispersal by srhatls or bats which defecate in flight and
scatter seeds over a wide area (Lucas & CorletB)19Bhe disadvantage of a clumped

deposition, however, is alleviated by secondarpelisers such as dung beetles (Andresen &
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Levey 2004; Culot et al. 2009), ants (Levey & Byif#93) and scatter-hoarding rodents (Li
& Zhang 2007), which scatter the seeds and maydiefem in a suitable site.

Dropping

The largest fruits processed by cercopithecinegransported in the hands. The seeds
are cleaned at the front of the mouth and therséeel is dropped. Most seeds are dropped at
short distances from the parent plant, but longgtadces have been recordedy(130 m for
a Mangifera indicaseed byMacaca leoninaChapter 2). Although this is an inefficient form
of dispersal, it may be the only dispersal meamsséme large-seeded species in degraded
areas where large dispersers are absent (Nakaghiala2008) and it also benefits the seed
through the removal of the pulp and/or exocarp,cWwhieduces pathogen attack (Lambert
2001).

Influence of Cercopithecinae eco-ethological characteristics on

seed dispersal

The dispersers’ behavior during feeding and seedessing directly influences the
spatial distribution of a plant’'s seedse(seed shadow; Nathan & Muller-Landau 2000).
Consequently, variability in diet, movement patteamd morphological characteristiesd,
cheek-pouch size and use) amongst cercopithecinfisences their seed dispersal
effectiveness and potential importance in degradeds (Figure 1.2).

Retention time of seeds (and, therefore, dispedsstance) is determined by a
combination of factors, including diet compositiomorphological and physiological
characteristics of the animad.§.body size, gut size and anatomical specializatibasbert
1998; Traveset 1998), as well as seed size, weigttvolume (Cipollini & Levey 1997;
Lambert 1998; Willson & Traveset 2000). Most celitogcines are frugivorous but also
consume leaves, invertebrates and vertebrates,irarahthropogenic areas, human food
(Brotcorne et al. 2011; Ram et al. 2003). This galist diet suggests cercopithecines can
survive in disturbed habitats offering few fruisoeirces and also means they consume fruit
from a large range of plant taxa.q. 185 fruit species iMacaca fascicularigor a 17-month
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period (Lucas & Corlett 1998), 110 Mandrillus leucophaeusr a 12-month period (Astaras
& Waltert 2010), 79 irPapio anubidor a 24-month period (Kunz & Linsenmair 2008)).

Figure 1.2. Influence of eco-ethological characteristics of most cercopithecines on seed dispersal
and forest regeneration.
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In heterogeneous habitats the resources are rechtt¢Oates 1987), and
cercopithecines are well-adapted to exploiting &tparesource distribution. Because they
are forced to travel between food patches the ibtyaof dispersing seeds far from the
parent tree are higher (Lambert 2005), and thaitudiance tolerance makes them likely to
disperse seeds in degraded areas (and betweenefritg)nand to help forest regeneration
(Corlett 1998).

Most cercopithecines travel long distances dalgpendix 1.1), suggesting potential
seed dispersal distance may exceed one kilométteough actual distances will be limited by
home range size, and this is variable between epe@ppendix 1.1). Macaques, patas
monkeys, mangabeys and baboons exploit large hanges and can disperse seeds farther
than guenons or geladas exploiting smaller homgesr(Murray 1975). During a given
period, macaques travel mainly between high conagons of a given fruiting plant species.
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This results in the dispersal of seeds within ghecdically suitable habitat in which the con-
specific adult trees are distributed, which mayease the seed survival probability (Tsujino
& Yumoto 2009).

The Cercopithecinae various locomotion modes alstuence seed shadows.
Terrestrial or semi-terrestrial species tend tedtrdaster than arboreal ones (Rodman 1979).
The formers, with their usually large home rangeg@ndix 1.1), may therefore move seeds
farther from the parent tree.

More frequent use of cheek pouches could resuliname efficient seed dispersal,
because more seeds can be processed, larger sedoks dispersed and these are deposited in
a scattered pattern (Figure 1.2). Competition betwadividuals may stimulate the cheek
pouch use as, without competition, cercopitheciwesild tend to stay where they feed,
keeping food for shorter duration in their cheelugtes, and spitting-out seeds under the
parent tree. First, for most species, troop siZkiences conspecific competition. Indeed
primate food is mainly distributed in a patchy wag,that, in a small patch of food, a larger
troop means a greater number of competitors (Muti@x5; Oates 1987) and thus a more
extensive cheek pouch use (Lambert 2005). Fissfotheo social unit enables the usually
gregarious Cercopithecinae specieafiohamadryasandTheropithecugelada(Aureli et al.
2008; Chapman & Chapman 2000), and sometiliasaca fuscatgFukuda 1989)) to feed
on smaller food patches without increasing the caatitipn risk (Chapman & Chapman
2000). Consequently, in these species, the chee&hpose seems to be more important in
larger food patches where competition is higher tdua lower fission process probability.
Second, the cheek pouches use can be variable dsetvamps, depending on habitats (more
or less scattered resources), but also betweemp tmoembers. In his study, Fust (2008)
showed that, irPapio ursinus orientalisdominant animals used their pouches more often
than subordinates. This pattern could be explainethcreased competition due to the more
central position occupied by the dominant male withe troop.

Finally, cercopithecines frequently occur in largeoups (mostly around 20-40
individuals but 80 individuals iPapio cynocephalysl12 inMiopithecus talapoinand 320
in Theropithecus geladé¢Chapman & Chapman 2000)). Consequently, thesapgraonay
disperse large numbers of seeds. Moreover, studidgacaca silenugMenon & Poirier
1996; Singh et al. 2002) arMacaca radiata(Singh & Vinathe 1990) showed that groups
living in a disturbed habitat were larger than greun protected habitats. Thus, groups of

some cercopithecine species could disperse mods sealegraded habitats. Therefore, even
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if the way they disperse seeds turned out to beeramefficient, they could play a critical role

in forest restoration.

Conclusion

The high rate of deforestation threatens manyivargus species’ survival and,
among them, primates are particularly vulnerablbaf@nan et al. 2006; Nahallage et al.
2008). Nevertheless, some species are more rediien others to human disturbances. This
is the case of cercopithecines, which are oftenothlg large seed dispersers remaining in
some fragmented forests (Corlett 2002; OnderdonBOROHowever, most cercopithecine
populations are decreasing, in part from deforestatoss of resources and isolation, and in
part from the increasing hunting and human-wildldenflicts. Thirteen cercopithecine
species are already considered endangered oraflyitiendangered in the IUCN red list
(2011) (Appendix 1.1). Given their potential rokeseed dispersers (Dominy & Duncan 2005;
Kaplin & Lambert 2002), their loss could have disaiss effects on tropical forest
maintenance and regeneration (Chapman & Onderd®#8;1Laurance 2005). Studies
bringing more information on their dispersal roteldnow it may change in disturbed habitats
are urgently needed, all the more reason that ceaisenists face a dilemma: cercopithecines
may be invaluable seed dispersers but are engagddoi many conflicts with human
populations. A better understanding of human-cetiepines’ conflicts could lead to
management plans which could stop the continuousedse of Cercopithecinae populations
recorded over the last twenty years throughout mofcitheir range (IUCN 2011). Their

conservation could be the first step to the regaiaer of degraded Asian and African forests.
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Appendix

Appendix 1.1. Main eco-ethological characteristics of Cercopithecinae species. Diet: Fr: frugivorous, Om: omnivorous, Fl; folivorous, Gr: granivorous;

Cheek pouches: CP; Tolerance: T+: highly tolerant species are able to survive in highly disturbed habitats (e.g. urban areas); T-: tolerant species are able to

survive in disturbed habitats (e.g. rural areas, plantations, young secondary forests, fragments); I: species know to be intolerant; underlined: endangered or

critically endangered species; *: data deficient; -: no data; (): data supposed given information found in the literature.

Species Area Habitat Locomotion Diet Home Daily range CP size CPuse Tolerance
range (ha) (m/d)

Allenopithecus Sub-Saharan Forest Semi- Fr-On? - - - - n*

nigroviridis Africa® Wetlandé terrestrial

Cercocebus agilis Sub-Saharan Forest Semi- Fr-Ont 303 1155 Largé High® -
Africa® terrestriaf

C. atys Sub-Saharan Forest Terrestriat Fr-On? 500 2200 Largé' High? T-2
Africa® Savanna

C. chrysogaster*  Sub-Saharan Forest (Semi- (Fr-OmYy - - Largé High® -
Africa® terrestrial)

C. galeritus Sub-Saharan Forest Semi- Fr-Onf 17-4F 1040-1395 Largé High T-°
Africa® terrestriat

C. sanjei Sub-Saharan Forest Semi- Fr-Onf 240 : Largé High T2

Africa® terrestrial




1

D

(0]
1

C. torquatus Sub-Saharan Forest Semi- Fr-On?  200-247 1000 Largé High? T-2
Africa® terrestrial

Cercopithecus Sub-Saharan Forest Semi- Fr-Onf 23-68 1447-1918 Largé High T-2

ascanius Africa® terrestrial

Arboreal

C. campbelli Sub-Saharan Forest Semi- Fr-Onf 3-67 1158 Largé' High™¢ T+
Africa® Savannd terrestrial"

C. cephus Sub-Saharan Forest Arboreaf Fl-Om®  30-106 1300 Largé High (T-)?
Africa®

C. diana Sub-Saharan Forest Arboreaf " Fr-Onf 29-189 1019-1892 Largé' High™¢ (T-)2
Africa®

C. dryas Sub-Saharan Forest Terrestriat (Fr-Om}y - - Largé High 0%
Africa®

C. erythrogaster ~ Sub-Saharan Forest : . . . Largé High :
Africa®

C. erythrotis Sub-Saharan Forest (Semi- (Fr-OmYy - - Largé High -
Africa® terrestrial}

C. hamlyni Sub-Saharan Forest Semi- (Fr-OmYy : . Largé High (1)
Africa® terrestrial

C. Ihoesti Sub-Saharan Forest Terrestrigt”  Fl-Oml 117 2092 Largé High® T-P

Africa?




1

N

©
1

C. mitis Sub-Saharan Forest Arboreal Fr-Oml 88 1307 Largé High® T/
Africa®

C. mona Sub-Saharan Forest Arboreal Fr-Onf  25-100 - Largé High® T2
Africa®

C. neglectus Sub-Saharan Forest Semi- Fr-On? 4-10¢ 250-1016 Largé High® PP
Africa® terrestriall

C. nictitans Sub-Saharan Forest Arboreal Fr-Onf 140 1828 Largé High® ()
Africa®

C. petaurista Sub-Saharan Forest Arboreal Fr-On? 41-94 1057 Largé High® T2
Africa® Shrubland

C. pogonias Sub-Saharan Forest Arboreal Fr-Onf  55-100 1600 Largé High® ()
Africa®

C. preussi Sub-Saharan Forest Terrestrial Fr-On? : . Largé High® :
Africa® Grasslandl

C. sclateri Sub-Saharan Forest Arborealf Fr-Onf - - Largé High® T2
Africa® Shrubland

C. solatus Sub-Saharan Forest Terrestridl Fr-Onf - - Largé High? (T-)2
Africa®

Chlorocebus Sub-Saharan Savanna  Semi- ony 23-9¢ 200-2540  Mediunf High T+

aethiops Africa® Grasslands terrestrial




_09_

C. cynosuros Sub-Saharan Forest Semi- - - - Mediun{ High* T+
Africa® Savann terrestrial
C. djamdjamensis Sub-Saharan Forest Semi- Fl-OmP 8-1¢ 724-1288  Mediunf High 0%
Africa® terrestrial
C. pygerythrus Sub-Saharan Forest Semi- om’ 23-60 200-1632  Mediunf High T+
Africa® Savanna terrestrial
Shrubland
C. sabaeus Sub-Saharan Forest Semi- Fr-Onf  15-164  2000-11,000  Mediunf' High T+
Africa® Savann terrestrial
C. tantalus Sub-Saharan Forest Semi- on’ 43-9¢ 1300-2548  Mediunf' High T+
Africa® Savanna terrestrial
Erythrocebus patas Sub-Saharan Savanna  Terrestrial Oonf  2340-4000 3188-4226  Mediunf Low® T2
Africa® Shrubland
Grasslandl
Lophocebus Sub-Saharan Forest Arboreaf Fr-Onf  200-410 900-1465' Largé  Moderaté ()
albigena Africa®
L. aterrimus Sub-Saharan Forest Arboreaf Fr-Onf 48-70 - Largé High' (1)
Africa®
Macaca arctoides SE Asid Forest Semi- Fr-Onf - - Largé High® 0%

terrestrial




_'[9_

terrestrial

. assamensis SE Asid Forest Semi- onm? 95-470 1900 Largé High® (1?2
terrestrial
. cyclopis SE Asid Forest Semi- Fr-Onmf 130 2068 Largé High® T2
terrestrial
. fascicularis SEAsia® Forest Semi- onm? 7-300 1900 Largé High® T+
Wetland§  terrestriat
. fuscata SEAsia® Forest Semi- on? 214-797 1218 Largé High® T+
terrestrial
. hecki SEAsia® Forest Semi- (Fr-OmYy : . Largé High® :
terrestriat
. leonina SEAsia® Forest Semi- Fr-Onf  83-347 690-2246 Largé High® T2
terrestrial
. maura SEAsia® Forest (Semi- Fr-Onf 20 : Largé High® :
Grasslandl  terrestrial)
. mulatta SEAsia® Forest Semi- om? 130-1346  1050-3056 Largé High® T+
Savanna terrestrial
Shrubland
. munzala SEAsia® Forest Semi- Fr-Onf® 22 1500 Largé High® T2
terrestrial
. nemestrina SEAsia® Forest Semi- Fr-Oonf  62-828 902-2966 Largé High® T2




_Zg_

M. nigra SE Asia® Forest Semi- Fr-Onf  175-314 1750-3148 Largé High® I"
terrestrial
M. nigrescens SEAsia® Forest (Semi- Fr-Onf - 515-1246 Largé High® T2
terrestrial)
M. ochreata SEAsia® Forest Semi- Fr-Onf 29-8% : Largé High® T-°¢
terrestrial
M. pagensis SEAsia® Forest Semi- Fr-Onf - - Largé High® (T-)?
terrestrial
M. radiata SEAsia® Forest Semi- Fr-Onf 2-500 710-1308 Largé High® T+
Savanna terrestriaf
Shrubland
M. siberu SEAsia® Forest Semi- Fr-On? 530 - Largé High® (T-)?
terrestrial
M. silenus SEAsia® Forest Arboreaf Fr-Onf 137 750-2500 Largé' High? TSt
M. sinica SEAsia® Forest Arboreaf Fr-Onf 41° 500-2000 Largé High® T-
M. sylvanus North-Africa®  Forest Semi- Gr-Onf  200-726  2000-90008 Largé High® 0%
Shrubland  terrestrial
Rocky
area8
M. thibetana SEAsia® Forest Semi- Fr-Onf 500 - Largé High® (1°
Cave$ terrestriat




_89_

M. tonkeana SE Asia® Forest Semi- Fr-Onf 67-143 - Largé High® T
terrestriat
Mandrillus Sub-Saharan Forest Semi- Fr-Om'’ - - - - (7
leucophaeus Africa® Savanna terrestrial
M. sphinx Sub-Saharan Forest Semi- Fr-Oml  500-28568  2003-3263 - - (T-F
Africa® terrestriat
Miopithecus Sub-Saharan Forest Semi- Fr-Onf  110-146  1500-2958  Mediunf' High T2
ogouensis Africa® terrestriat
M. talapoin Sub-Saharan Forest Semi- Fr-Onf : . Mediunf High :
Africa® Wetland§  terrestriat
Papio anubis Sub-Saharan Forest Terrestrial onf 900-435%  1200-563% Smalf Low® T2
Africa® Savanna
Shrubland
Grasslandl
P. cynocephalus  Sub-Saharan Forest Terrestrial onf 2408 3400-7208 Smalf Low® T2
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Shrubland
Grassland
Desert
Rungwecebus Sub-Saharan Forest Arboreaf onf 306’ 1293 - - (1)
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. Theropithecus Sub-Saharan Grassland  Terrestrial FI? 84-928 2500 Smalf Low? 2
.g gelada Africa® Rocky
area$

*(IUCN 2011);°(Rowe & Myers 2011);(Shah 2003)5(Murray 1975)(Wieczkowski 2005);(Lambert 2005))(Buzzard 2006)(Sargis et al. 2008)Kaplin 2001);
J(Lawes 2002)¥(Poulsen et al. 2002)Tutin et al. 1997a)"(Olupot et al. 1994)%(Onderdonk 2000)°(Wheatley 1980)°(Makwana 1978)%Caldecott 1986);
'(Rosenbaum et al. 1998 Kurup & Kumar 1993)}(Umapathy & Kumar 2000)}(Riley 2007);"(Astaras & Waltert 2010)*(Swedell 2002)}(Wrangham et al.
1993);¥(Fust 2008)%Maisels et al. 2006§4(Thomas 1991)°(Brennan 1985)(Blom et al. 2005)*(Fukuda 2004)*(Riley et al. 2007)" (Dittus 1975)
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In the previous chapter, we showed that most péfuecine species are thought to
provide effective seed dispersal services due teir tleco-ethological and physical

characteristics.

In the next chapter, we will focus on a little kv cercopithecine specieSlacaca
leoninag and study its seed dispersal effectiveness, &a@uantitative and qualitative point of

view.
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Frugivory and Seed Dispersal by Northern Pigtailed

Macaques, Macaca leonina, in Thailand
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Résumé

La conservation des foréts tropicales requiere uomalleure compréhension et
guantification des interactions plantes-animauwestl particulierement nécessaire d'étudier le
réle des frugivores dans le processus de dispedasrgraines, étant donné les bénéfices que
cette dispersion apporte a la plante en diminuntisques de compétition et d’attaques par
des pathogénes dépendants de la densité. En swimantroupe de macaques a queue de
cochon du NordNMacaca leoning habitués a 'homme dans le parc national de KYiap
Thailande, nous avons apporté des données surisgrsdurs de graines, potentiellement
nécessaires a au maintien et a la régénératiofodits, mais malheureusement considérés
comme vulnérables. Les résultats montrent que l@saques a queue de cochon du Nord
pouvaient disperser jusqu’a plusieurs milliers deirges, allant jusqu’a 58 mm de long, et
venant des 126 espéces de fruits gu’ils consomindden plus, ils pouvaient disperser ces
graines de forét primaire en forét secondaire, g@plusieurs techniques de manipulation
telles que l'ingestion, le recrachage et le dépatalement, le passage des graines dans le
tractus digestif avait un effet neutre ou posttif B germination et la viabilité de ces mémes
graines pour 14 especes sur les 21 testées. Lemjnexcobservés dans cette étude satisfont
donc a la plupart des exigences permettant deidéfndisperseur efficace, en termes de
quantité et de qualité de dispersion, et nous posiamnclure a I'importance potentielle de

Macaca leoninalans la régénération des foréts tropicales.

Mots-clés. germination ; parc national de Khao Yai ; recrgghaingestion ; forét tropicale

humide.
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Abstract

The conservation of tropical rainforests requiras better understanding and
quantification of plant-animal interactions. In feular, the role of frugivorous species in the
seed dispersal process has to be studied becargs pknefit from seed dispersal as a way
for the seeds to escape competition and densitgrdimt seed predators and pathogens.
While following a troop of northern pigtailed maceg (Macaca leonina habituated to
humans in Khao Yai National Park, Thailand, we idudata about these seed dispersers
which are potentially necessary for forest mainteea and regeneration but whose
conservation status is unfortunately vulnerablesuRe show that northern pigtailed
macaques could disperse thousands of seeds, @onsin length, and coming from the 126
fruit species they eat. Especially, they could éisp them from primary to secondary forests,
thanks to handling techniques such as swallowipgtirsg, and dropping. Finally, the seed
passage through their digestive tract had a neatrpbsitive effect on seed germination and
viability for 14 species out of 21 tested. Macaqabserved in this study satisfied, therefore,
most requirements defining effective seed dispsrgerboth quantitative and qualitative
terms We can thus make conclusions pertaining to thiential importance oMacaca

leoninain tropical rainforest regeneration.

Key words germination; Khao Yai National Park; seed spittirgyyallowing; tropical

rainforest.
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Introduction

Southeast Asia includes th& Bnost important biodiversity hotspot worldwide: the
Indo-Burma region. This area features exceptionatcentrations of endemic species, but is
experiencing exceptional loss of habitat, mainlguittng from high deforestation rate
(Laurance 2007; Myers et al. 2000; Sodhi et al.420@ne consequence is the loss of many
animal species, mainly large frugivores, esserdiapersal agents for large-seeded plant
species (Cordeiro & Howe 2001).

Today, many Southeast Asian countries are awatleeaf forests degraded condition,
and want to save the remaining primary forest aagkmerate the degraded areas through
natural or artificial reforestation (Laurance 2Q007yopical rainforest conservation and
restoration depend on an increased knowledge afit-plaimal interaction processes —
particularly seed dispersal — and on measuresdtegrthem (Corlett & Hau 2000; Forest
Restoration Research Unit 2008; Parrotta 2000).

Many studies have already highlighted the primatde as seed dispersers (Chapman
& Onderdonk 1998; Chaves et al. 2011; Garber & Larmnth998), but their effectiveness in
this service can be extremely variable between ispeand depends on environmental
conditions. Most primates may disperse seeds byiewag and dropping. Authors have
shown some positive effects of swallowing on seedngnation: (1) the fruit pulp removal,
increasing seed germination (Otani 2004; Tang.€2008; Traveset & Verdu 2002) and often
decreasing the risk of pathogen attacks (Lambefil2@ringle et al. 2007); (2) the
mechanical and/or chemical seed coat scarificatidhe gut (Dew & Wright 1998; Traveset
et al. 2001); and (3) the effect of fecal matesialrounding the seeds, promoting germination
and/or future seedling growth (Traveset & Verda20Mn addition, some primates generate a
specific seed dispersal pattern. For instanceCereopithecinae cheek pouches enable them
to store fruits and keep moving. After storageit$rare returned one by one to the oral cavity
for processing, ending with the seed being spat(Gatlett & Lucas 1990). This single
deposit decreases the risk of attack by densityiidgnt predators and, thus, increases the
germination probability. The cercopithecines’ varief seed handling techniques (Chapman
& Russo 2007) may have strong consequences ordssgextsal.

Contrary to their reputation as seed predatoredBsiman, pers. com.), data available

in the literature and etho-ecological charactexsstf cercopithecine species clearly indicate
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that semi-terrestridllacacaspecies may be among the most effective seedrdesge They
are highly frugivorous, use their large cheek pascbxtensively, and travel quickly on the
ground to reach the food dispersed across theje laome range. The study Mficaca— the
only Cercopithecinae genus in Southeast Asia —dcpubvide a better understanding of the
role of cheek-pouched monkeys in tropical rainforestoration, in an area already deeply
threatened by deforestation. Among the seWacaca species found in ThailandVi(
fascicularis M. mulatta M. assamensjsM. arctoides M. silenus M. nemestrinaand M.
leoning, M. actoides, M. nemestrinand M. leoninaare the only semi-terrestrial species
considered vulnerable by the International Union e Conservation of Nature (IUCN
2011). Their high terrestriality degree allows théonsurvive in forests with scarce and
scattered food sources. Indeed, terrestrial trbeéleen arboreal food sources is rapid and
energy efficient (Rodman 1979) and enables theseiepto increase their diet diversity by
foraging on invertebrates, ground vegetation, fuengil fallen fruits (Caldeco#t al. 1996).
These macaques, thus, can forage at all rainfaasdpy levels, including the ground, in
climax evergreen forests as well as secondary tgresaking them potentially good seed
dispersers.

This study will focus on northern pigtailed macasjuMacaca leoninarole as seed
dispersers. Indeed, few studies have been carug¢dow this species (Choudhury 2003;
Davies 1990; Gippoliti 2001; Humphrey & Bain 19%hamcha & Sukumal 2009; Kitamura
et al. 2002; MacKinnon & MacKinnon 1987; Suzukiat 2006; Whitington 1992). Data
concerning its ecology and behavior are limitedbétter knowledge oM. leoninaand its
disperser role would help plead for its better @cton since the species habitat degradation
will endanger it in the short term. Northern pitgdi macaques are Cercopithecinae (Fooden
1975) distributed on the Asian mainland north ofiRsular Malaysia (Thailand, Myanmar,
Laos, Cambodia, Vietnam, southern China, eastetia,lmnd Bangladesh). Macaques are the
most omnivorous of frugivorous primate but stillefar eating fruits when available.g.
Hanya et al. 2003), by no means restricting thevesetio the so-called ‘primate fruits’ — those
with large seeds, orange-brown colour, and a ptiggednd (Corlett 1998). In a study carried
out in the Khao Yai National Park, Kitamuea al. (2002) estimated that northern pigtailed
macaques consumed the fruits of 122 species, rharedther frugivores found in the park.
They have a large body size (males : 6.2-9.1 kyafes: 4.4-5.7 kg; Rowe & Myers 2011)
and form multi-male multi-female troops. Their @doelatives, southern pigtailed macaques

(Macaca nemestrinaform troops ranging from 9 to 81 individuals (T890).

-72-



Chapter 2 — Frugivory and seed dispersal by northern pigtailed macaques, Macaca leonina,
in Khao Yai National Park, Thailand

While following a troop oM. leoning we collected data relating to its seed dispersal
activity. Its diet and seed handling have not beetensively documented yet, but the
available data (Kitamurat al. 2002) suggest the species might be essémtiaiest diversity
maintenance by dispersing a large number of flpgcees, particularly those inaccessible to
smaller frugivores due to their large size or therd protective ring. The goal of this study
was to determine the importanceMf leoninain primary seed dispersal from two points of
view (Schupp 1993; Schupp et al. 2010): (1) qugntie. the number of eaten fruit species,
their proportion in the diet, the number of fecesitaining seeds and the number of seeds
processed; and (2) quality,e. the handling techniques used, the seeds’ viabdaityl
germination success, the habitat type and distafroes the parent tree for the deposited

seeds, and the dispersal patterns (seeds clumpeditered).

Methods
Study site

This study was conducted at Khao Yai National R&KNP; 2,168 km2 14° 05'-
15'N, 101° 05-50'E). The study site (177 ha), ceddy a seasonally wet evergreen forest
(Forest Restoration Research Unit 2000), is locatednd the park Visitor Center at 700-800
m asl, and includes grasslands (4%), shrubland$, (@%all tree areas (6%), secondary (14%)
and primary (71%) forests, and human settlemests.(#he climate is monsoonal with a wet
season (from May to October) and a relatively drgs®n, which is divided into cool (from
November to February) and hot (from March to ApsBasons. The average monthly
temperature ranges from 19°C (December and Jantm34°C (March and April) and the

monthly rainfall averages 69 mm in dry season &®IrBm in wet season (2006-2009).

Study group

We followed one troop of pigtailed macaques (HQopr) habituated to humans,
including 2-3 adult males, 12-13 adult females,2B7juveniles and several subadult males.
Their home range varied from 32 ha (mean in drns@eato 57 ha (mean in wet season)
(Kernel 95%) and included a ranger station andowaritourist accommodations. The troop

consumed 138 plant species, including 126 fruftpwer, 6 pith, 6 leaf, and 4 shoot species;
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human food, including rice, fruits, bread, biscuig$c; and fungi, ants, termites, spiders,
grasshoppers, caterpillars, beetles, and otherl smimhals. However, their diet varied from
highly frugivorous during the wet season, to omniws during the dry season with an
increased part of human food (Chapter 3). Humard faas available year-round — the
macaques either stole it from houses or trash @angceived it from tourists. The HQ troop

may thus be considered as a semi-provisioned troop.

Data collection

The HQ troop was observed for 1029 hours durirk anonth period divided into
three periods for logistic reasons (April - JulyO20[Period 1]: 370 h; December 2009 -
March 2010 [Period 2]: 288 h; August - November @(Reriod 3]: 371 h). Macaques were
followed for one of every two or three days, appmately from 0600 h to 1800 h. We used
instantaneous samples (Scan sampling: Altmann 1674}l visible troop members at 30-
minute intervals N = 21,389 observations) to record date and timenbms of visible
individuals, and the following for each: the age&-stass, activity, height in the canopy, the
consumed item, species, consumed part (and age)imnchse of fruit, the processing
technique used by the macaque. In this paper, we the following terminology:
“swallowing (W): the seed is put into the mouth, digested tah defecated;shitting out
(S): the seed is put into the mouth and then spiafaften after storage in the cheek pouches);
“dropping’ (D): the seed is cleared from the surroundingpopwlithout entering the mouth
entirely, and then dropped; andrtinching (C): the seed is put into the mouth and then
masticated by the teeth.

During feeding events on fruits, we recorded tldavior of the same ten adult
individuals (two males and eight females) duringnd@ute continuous focal samplings
(Altmann 1974). We noted the species, consumed (aad age), ingested quantity, and
handling process used. The fruits were classifisdday, fleshy protected, or fleshy
unprotected (Lucas & Corlett 1991). Moreover, weastonally recorded the time spent in a
fruiting patch {.e. discrete site where macaques were feeding andateddrom other such
sites by at least one tree crown) (Di Fiore 2003).

The troop’s locations were based on automatic @R8rds taken every 30 minutes.

We also recorded the GPS coordinates of the feqaemgs and dispersed seeds. Dispersal
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distances between the dispersed seed and the péaiahivere occasionally measured. If the
macaque fed on several plants of the same speuogeglispersal distance could not be
determined. Dispersal distances could only be tljraneasured for spat-out and dropped
seeds. The measure of dispersal distances foraawall seeds relies on an estimation based
on knowledge of retention time — information we gapt able to obtain during the study.

Habitat types

We recorded the time at every change in habita.tyVithin the troop home range,
we distinguished two habitat types — human settigsnand natural habitats — and five natural
habitat sub-types — grassland, shrubland, smalt tezea, and secondary and primary forest
(Chapter 3).

Seed collection

We collected fresh feces found in the forest, Weid them, and noted time of
collection, GPS coordinates, and individual originen possible. We sieved feces through a
0.5 mm nylon mesh to extract the seeds. We couait¢kde seeds, except those smaller than 2
mm, for which the number was counted in subsangdtes having evenly stirred, spread, and
divided the feces (Kunz 2008). We collected thet spg and dropped seeds only when
spitting and dropping behaviors were observed tyrend we noted the time of spitting and
dropping, and the individual identity. Defecateplatsout, and dropped seeds were identified,
weighed, and measured (maximum length and widtimgusallipers. MostFicus species
seeds, typically indistinguishable, were not idiattie to the species level. We grouped these
species intoFicus spp. Seed species that could not be identifiedewassigned an
identification number. We extracted control seedsnfintact mature fruits collected in trees
foraged by the macaques or on the ground belowrélee We manually removed the pulg (
fleshy pericarp) of all fruits and we cleaned tlkeeds, except for two species where we kept
the pulp around 100 seeds to assess the pulp rémeffeat on seed germination.d.
deinhibtion effect; Baskin & Baskin 2000; Robertseinal. 2006). We classified seeds by
length to allow further comparison with other sesli(small: maximum length < 5 mm;

medium:> 5 mm but < 10 mm; and large: 10 mm (according to Chapman et al. 2009;
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Lambert & Garber 1998; Traveset 1998)). FollowingnK (2008) we considerdd. leonina
as predator for a seed species if (1) unripe fiugse consumed or (2) 100 percent of seeds

were crunched (observation in feces or observabioseed consumption rather than fruit

pulp).
Viability and germination tests

Before starting germination tests, we performed t@sts i(e. cutting the seed
endocarp with a scalpel to expose the seed tissueen seeds of each species for each
treatment (defecated, spat-out, dropped or/andaosgeds) to control viability. Seeds were
scored as viable if firm, moist and if white endesp was noticed (Ooi et al. 2004). These
seeds were not used for germination testing. \dwlare of the importance of the conditions
used to perform the germination test (Robertsbral. 2006), we were unable to set up
germination tests in the forest, due to logistimdsons (number of dispersed seeds, time,
wildlife passageetc). Germination tests were carried out on as marmgdses possible
depending on the species. We used Petri dishdkto @asier comparison with other studies
(Travesetet al. 2001). Defecated, spat-out, dropped, andraoseeds were laid on a damp
filter paper layer in Petri dishes to determine #féect of macaques’ seed processing
techniques on seed germinability. Filter papersewegularly moistened during germination
tests to avoid seed desiccation. Petri dishes labedled and piled on shaded shelves which
were protected from rain and predators. The ger®ihgaeed number was checked every
week. Radicle emergence was used as germinatioex imshd germinating seeds were
removed from the Petri dishes after counting. Eadigerminated seed stayed in the
germination test for six months. At the end of test, the remaining un-germinated seeds’
viability was checked to determine if seeds weradder dormant. Only species with at least
four Petri dishes per treatment (with at least feeeds each) were taken into account in the

analysis.

Food list

We included as food species every plant speciesept in scan, fecal, spit-out and

drop samples, and every plant consumed betweensseaples. Species found only once in
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feces were not taken into account to prevent biakes to unintentional ingestion. We
assessed plant species importance in the dietdingaio the quantity and the duration of the
consumption observed for each species (Detal. 2002). “Large quantity” means occurring
in at least 50 percent of fecal samples duringeastl one month. “Long duration” means at
least six months (50% of months). Type | definesdsgpecies observed in large quantity and
for long duration. Type Il defines seed specieseolEd in small quantity and for long
duration. Type Ill defines seed species observddrge quantity for short duration. Type IV

defines plant species observed during at leastéepeof scan sampling observations.

Statistical analysis

We performed two-tailed statistical tests with tiSteca 9.0 & level: 0.05). We
compared the seed processing effect on seed méigth of germination time (MLGT),
germination percentage and viability percentagbeiend of the test with the Mann-Whitney
U-test between processed and control seeds, an@édetwontrol with pulp and without pulp
for each tested species. To highlight the seasarétion in dietary diversity, we calculated

a Shannon diversity index (H’) for each study month

Results

Diet

The studied macaques showed a clear preferenceptoifruits (92%) compared to
unripe (8%) and old (<1%) fruits regardless of plapecies N = 731 scan sampling
observations). They ate fruits of various plantnfer herbs, shrubs, small to tall trees,
epiphytes, and lianas. During scan sampling, 18&8ihg events were recorded, from which
we identified 53 fruit, 4 flower, 3 pith, and 3 shospecies, with an average of 8.8 £+ 4.4
speciegper month. According to scan sampling, the troopsaoned an average of 7.5 + 4.7
fruit species per month and 5.0 + 3.3 fruit spepersday, and the average Shannon diversity
index was of 1.67 + 0.60 (Figure 2.1). All 15 plapecies considered as important species in
the diet were consumed at least for their fruitabf€ 2.1). Subsequent observations showed

that Bridelia insulanaand Cinnamomum inersould also be considered as important species
(Type 1I).
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Table 2.1. Important plant species in the troop’s diet. Type I: seed species observed during at least 6 months in large quantity. Type II: seed
species observed during at least 6 months in small quantity. Type III: seed species observed during less than 6 months but in large quantity.
Type IV: plant species observed during at least 5 percent of observations during scan sampling. * Predated species. Fr = fruit, Fl = flower, P1
= pith, Sho = shoot, W = swallow, C = crunch, S = spit out, D = drop, nd = not determined.

Species Family Life form Part consumed Process Sebhgth (mm)

Type |

Species n°198 Theaceae nd Fr W 2.67

Ficusspp. Moraceae Tree/Liana Fr wW 1.43

Solanum melongena Solanaceae Shrub Fr W 2.43
Type Il

Species n°90 nd nd Fr w, C 6.68
Type Il

Anthocephalus chinensis Rubiaceae Tall tree Fr wW 0.50

Baccaurea ramiflora Euphorbiaceae Small tree Fr W, S, D 11.50

Diplectria barbata Melastomataceae Liana Fr W 0.81

Eurya nitida Theaceae Small tree Fr, Fl w 1.68

Melastoma malabathricum Melastomataceae Shrub Fr W 0.50

Toddalia asiatica Rutaceae Liana Fr w 5.40
Type IV

Alpinia malaccensis Zingiberaceae Herb Fr, Pi, Sho 7.11

W
Daemonorops jenkinsiana*Palmae Liana Fr, Pi, Sho C 14.92
Diospyros glandulosa* Ebenaceae Small tree Fr C 12.13
C 2.54
S

7.19

Macarangaspp.* Euphorbiaceae Medium/tall tree Fr
Machilus odoratissima Lauraceae Medium tree Fr
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Figure 2.1. Monthly numbers of fruit species consumed (open circles) and dietary diversity of
the study troop calculated from the Shannon diversity index (SDI; black squares).

Seed processing

Macaques used four seed processing techniquesidlésvi (93 species), “spit out”
(36 species), “drop” (18 species) and “crunch” (g8ecies). They could use several
techniques for a same species. Indeed, they usetethniques for 9 percent of fruit species
and three techniques for 1 percent of them. Predesseds were dispersed in all natural
habitat types (grasslands, shrublands, small tessasecondary and primary forests).

Out of 335 fecal samples collected (Table 2.2)p8&ent contained seeds. Collected
feces weighted 15.01 £ 6.19 g on averade=(273) and each 15g fecal sample contained an
average of 1.9 + 1.4 species (range = 1-9). Wed@amaverage of 13.2 + 7.6 plant species in
feces per month. Seeds contained in the mainlgtifiéeces were clumped and were as large
as 20 mm Garcinia benthamii Guttiferae). We found in feces only 36 percentha&f species
seen consumed during followinby € 84 species). This weak overlap between dateatah
techniques shows their complementarity for the diéstcription.

An average of 3.3 £ 3.6 species per month was spat(Table 2.2). Occasional
measures showed macaques could keep seeds intochieek pouches up to 45 minutes

before spitting them out, allowing the long dispérdistances observed for several seed
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species (Table 2.3). Thus, if seeds were spat bahwnacaques moved, they could be widely
scattered. However, we observed many spat out sdsuissited under the parent tree. An
average of 1.6 + 2.6 species per month was droffedule 2.2).

Seeds processed without visible damagge ifot crunched) represented 69 percent of
the total number of seeds swallowed, spat out, pkdpand crunched. Macaques were
considered as predators for 38 seed species, 2ihgdrom dry fruits (mainly Leguminosae
and Fagaceae) and 5 from Palmae fruits. For thpeeies (icuala spinosa Polyalthia
evectaPsychotria ophioxyloidgspredation is due to the consumption of immafuurgs (8%
of feeding observationd\l = 1,818). Only three of these predated specieg wensidered
important species in the diet (Type IV; Table 2Affer removing the predated species from
the analysis, the percentage of seeds processeouvitisible damage reached 97 percent.

The technique used by macaques to process seedbiegnced by seed size (Figure
2.2). The frequency of ingestion varied accordimdrtit speciesN = 21) from 1 to 99 fruits
per minute. The number of individuals feeding ie #ame patch varied from one member to
all troop members. The duration of a feeding visita fruiting patch varied from a few

seconds to three hours.

Table 2.2. Main species found in fecal samples (15g each), spat-out and drops.

Species Family Percent of No seeds/sample £ SD
seeds (No samples)
Fecal sampleg62 fruits species) 2053.6 + 3382.5 (335)
Large-seeded species (67 samples; 321 seedsediesp
Baccaurea ramiflora Euphorbiaceae 67% 5.4 +6.0 (38)
Garcinia benthamii Guttiferae 13% 4.1 + 3.6 (10)
Gnetum macrostachyum Gnetaceae 10% 2.6 £2.6 (11)

Medium-seeded species (58 samples; 1930 seedpeties)

Toddalia asiatica Rutaceae 95% 54.1+£71.7 (31)
Small-seeded species (286 samples; 667,834 st®edpgcies)

Diplectria barbata Melastomataceae 43% 37775+ 4778.0 (72)

Ficusspp. Moraceae 27% 684.2 £ 1615.2 (248)

Melastoma malabathricum Melastomataceae  23% 2506.9 £ 3370.3 (59)
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Spat-out (30 fruit species)

Large-seeded species (798 seeds; 17 species)

Ziziphus attopensis Rhamnaceae 17%
Baccaurea ramiflora Euphorbiaceae 16%
Gnetum montanum Gnetaceae 14%
Syzygium cumini Myrtaceae 10%

Medium-seeded species (1116 seeds; 10 species)

Syzygium syzygioides Myrtaceae 23%

Syzygiunsp. n°152 Myrtaceae 16%
Balakata baccata Euphorbiaceae 15%
Machilus odoratissima Lauraceae 14%

Small-seeded species (2763 seeds; 3 species)

Ficusspp. Moraceae 93%
Eurya nitida Theaceae 4%
Syzygium cinereum Myrtaceae 3%

Drops (17 fruits species)
Large-seeded species (506 seeds; 13 species)

Baccaurea ramiflora Euphorbiaceae 31%
Antiaris toxicaria Moraceae 26%
Mangifera indica Anacardiaceae 18%
Areca triandra Palmae 7%

Medium-seeded species (248 seeds; 4 species)

Species n°14 Unknown 64%
Artocarpus lakoocha Moraceae 26%
Michelia baillonii Magnoliaceae 9%
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Table 2.3. Maximum dispersal distance computed for several seed species processed by the
study troop.

Species Mean seed dimensionsDispersal distance (m) Process
(mm)

Bridelia insulana 9.61 x 5.65 141 Spit out
Cinnamomum iners 10.95 x 7.26 262 Spit out
Machilus odoratissima 7.19x7.19 240 Spit out
Mangifera indica 57.67 x 33.43 130 Drop
Syzygium cinereum 4.05 x 3.68 265 Spit out
Syzygium cumini 13.37 x 8.04 147 Spit out
g Crunch| 217 7
g | '
£ 5
B Drop |2 11
:I i ' : * %
g : i
‘2 Spitout| |5 ;12 | 13 *
48) il i | *
& Swallow || 36 |19 ' 9

0 | 10 20 30 40 50 60

S M L Seed length (mm)

Figure 2.2. Seed size intervals concerned by each processing technique used by the study troop.
In each interval, the number of small- (S), medium- (M), and large-seeded (L) species swallowed,
spat out, dropped, and crunched by the study troop is indicated (IN = 86 seed species). Mann—
Whitney U-Tests: * P < 0.001.

Seed processing effect on seed germination and viability

Due to reduced sample size for many species, gation and viability analyses were
performed for only 21 species. Moreover, four spgeevere removed for the MLGT analysis.
Indeed, for two species, no seed germinated aitenenths; for two other species, only one

or two seeds germinated for one treatment, whiacre gancertain estimates of MLGT. For
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swallowed and spat-out seeds, results show a maauyral effect on seed germination and
viability (Table 2.4). Indeed, there was no sigrafit difference between processed and
control seeds for (1) 9 species out of 17 testedlifterences in MLGT, (2) 17 species out of

21 tested for differences in germination percergaged (3) 15 species out of 21 tested for
differences in viability percentages. F&accaurea ramiflora this neutral effect only

concerns spat-out seeds.

Pulp effect on seed germination and viability

Due to reduced sample size, analyses on pulpteffece performed for only two
species Baccaurea ramifloraand Syzygium cinereumThe pulp had a significant negative
effect on MLGT, germination percentage and viapifiercentage for both species (Table
2.4). For many other species, we observed fastkatig fungi on uneaten fruits fallen to the

ground.
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Table 2.4. Mean = SD of median length of germination time (MLGT), germination percentage and final viability percentage of control seeds
(Control) and treatment seeds (Treatment), ze. seeds swallowed (W) or spat-out (S) or control seeds with pulp (Cpp). Note that Baccanrea ramiflora is

tested with S, W and Cpp and that Syzygium cinereun is tested with S and Cpp. Significant differences between control and treatment seeds are in
bold (P < 0.05). The number of seed tested (IN) is ifalize; nd = not determined.

MLGT (days)

Germination (%)

Viability (%)

Species Control Treatment Control Treatment Control Treatment
Alpinia malaccensigW) 156 = 0(37) 170 £53(24) 10 £19(37) 17 £7(24) 100 = 0(37) 100 = 0(24)
Alphonsea bonianéS) nd nd 7 £1Q@23) 10£22(21) 43 +27(23) 45+41(21)
Anthocephalus chinensfgV) 134 £91(90) 110+88(51) 54 +6(90) 15+32(51) 97 £7(90) 79 + 6(51)
Artocarpus lakooch#S) 60 + §52) 55+11(18) 79x23(52) 79x25(18) 79x23(52) 79 x25(18)
Baccaurea ramiflorg W) 8 £ 0(100) 12 + 5(97) 100 £ 0(100) 92 +7(97) 100 £ 0(100) 92 +7(97)
Baccaurea ramiflorgS) 8 + 0(100) 8+0(100) 100+ 0(100) 100+ 0(100) 100+ 0(100) 100 + 0(100)
Baccaurea ramiflorgCpp) 8 + 0(100) 34 +£10(100) 100 +0(100) 75+18(100) 100+ 0(100 75+ 18(100)
Balakata baccatd4S) nd nd 0+ @16) 0+0(19) 56 +13(16) 64 +8(19)
Bridelia insulana(S) 14 £ 5100) 17 +3(99) 93+9(100) 85+11(99) 93+9(100) 85+11(99)
Diplectia barbata(\W) 25+7(195) 19+0(192) 12+11(195) 9+8(192) 100 £ 0(195) 100 £ 0(192)
Eurya nitida(W) 148 £ 87(94) 252 +16(96) 60 +60(94) 15+15(96) 95+95(94) 96 + 96(96)
Ficus ischnopod@w) 12 £0(150) 14+10(117) 93+7(150) 66+35(117) 93+7(150) 88+ 14(117)
Ficus microcarpaW) 11 £0(52) 17 £+0(100) 89+10(52) 96 *4(100) 89+10(52) 96 +4(100)
Ficus sagittata W) 17 + 2(45) 13+3(200) 83 +24(45) 99+2(200) 83 +24(45) 99+ 2(200)
Ficus virengW) 9+1(97) 13+0(200) 80+12(97) 88+8(200) 84 +14(97) 94 +6(200)
Gnetum montanurtd) nd nd 0+0(24) 0£0(100) 0x0(249) 35 £+ 20(100)
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Litsea monopetaléS) 92 £ 0(20)
Melastoma malabathricufwv) 19 + 5(200)
Nauclea orientaligW) 12 £ 71(95)
Syzygium cinereuifd) 8 £ 4(100)
Syzygium cinereuf€pp) 8 £ 4(100)
Syzygiunsp. n°152 (S) 6+£5(12)
Toddalia asiatica(\W) nd

Species n° 192 (W)

52 + 35(20)
17 + 4(200)
119 + 0(91)
6 +1(102)
22 + 6(100)
1+0(10)
nd

75 + 0(20)
40 + 11(200)
10 + 10(95)
87 + 11(100)
87 + 11(100)
88 + 18(12)
2 + 456)

125 + 1790) 122 +20(100) 20 + 11(190)

25 + 0(20)
12 + 9(200)
20 + 12(91)
95 + 7(102)
36 + 17(100)
90 + 12(10)
4 + 6(146)

6 + 39(100)

75 + 0(20)
40 + 11(200)
10 + 19(95)
87 + 11(100)
87 + 11(100)
88 + 18(12)
66 + 20(56)
95 + 19(190)

25 + 0(20)
12 + 9(200)
40 + 12(91)
95 + 7(102)
36 + 17(100)
90 + 12(10)
63 + 14(146)
45 + 5(100)
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Discussion

The northern pigtailed macaques observed in thidyssatisfy most requirements
defining effective seed dispersears both quantitative and qualitative terrg&chupp 1993;
Schupp et al. 2010): (1) they dispersed many seédsany species, (2) in every natural
habitat type, (3) their effect on seed germinatod viability seemed to be neutral for most
of the species, and (4) they used various seeckegsory techniques and dispersed seeds of
small-, medium- and large-seeded species. Moreaelso knew that (5) they had a large

home range and traveled long distances in oneGlhgpter 3).

Seed dispersal quantity

Several factors affect seed dispersal quantithfp 1993; Schupp et al. 2010): (1)
the number of times a disperser species visitsrizcpkar plant species, which is influenced
by the disperser species abundance, diet, andbitiyiaof its visits to this plant species, and
(2) the number of seeds dispersed per visit, wiadhfluenced by the number of processed
seeds, and their probability to be disperdddcaca leoninahas been very little studied, so
data on its density and abundance in KYNP are wnrately lacking. Our results showed that
northern pigtailed macaques were important disperae they had a highly diversified diet
including at least 126 fruit species (Andresen 2@8iulsen et al. 2001). However, like many
animal species, only some plant species made uprinatest part of their monthly diet
(Milton 2000). A previous study (Chapter 3) desediMacaca leoninaas a “traplining”
species usually visiting the same patches of figitrees for several days or even weeks. This
conclusion highlights the reliability of this digger throughout a significant part of the
fruiting period for some plant species. We showmat the troop could process many seeds
per visit: it included between 32 and 39 individyakith up to 39 individuals in the same
fruiting patch at a given time, each consuming @@ fruits per minute, and staying in the
patch for up to three hours. The probability thegds processed by macaques were dispersed
is strongly dependent on the plant species. Ifséed is among the 38 seed species predated
by macaques, then the probability is close to Zdowever, if the seed is among the 88 other

species, the probability is very high (97 %) and ba compared to the probabilities seen in
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other sympatric dispersers such as gibbons (90%) kornbills (100%) (Savini &
Kanwatanakid-Savini 2011).

Seed dispersal quality

According to Schupp (1993), seed dispersal qualégends on the seed treatment
guality in the mouth and gut, and on the seed depogjuality. As seen above, a significant
seed species proportion is predated by macaquesnbuthree of them are either eaten in
large quantity or for long duration. When seedsewsst crunched, processing by macaques
neither altered the germination and viability peteges nor the MLGT for most plant
species, indicating a neutral seed treatment imibigth and gut for these species.

The fact that macaques decrease seed germinaroarnpage, and delay germination
for some species, is interesting, as few studigs beady shown this in primates (Chapman
1989; Estrada & Coates-Estrada 1984; Otani 200dhversely, few studies have shown a
shorter MLGT in processed seeds (Chapman et ab;2R@hini et al. 2004; Wehncke &
Dalling 2005; Wrangham et al. 1994). But, the copsaices of an increase or a decrease in
MLGT are difficult to predict (Valenta & Fedigan @®; Verdu & Traveset 2005). Thus, we
did not use the MLGT to estimate the global eff@cprocessing by macaques. In summary,
this global effecti(e. germination percentage and viability percentage} weutral for 13
species, positive for 2 species, negative for 5cisge and neutral (spat-out seeds) and
negative (swallowed seeds) for 1 species. This Imaeeutral effect has also been reported in
many primate studieg,g.for gibbons (McConkey 2000) or tamarins (Knoggal. 2003).

Concerning viability, many studies did not show thercentage of viable seeds after
test. However, these data are necessary to conthietesults obtained with the germination
tests by making the difference between dead anthalur seeds (Robertsat al. 2006).
Indeed, many un-germinated seeds were still viablé could still germinate if exposed to
appropriate conditions.

Our results confirmed that pulp removal increasedd viability and germination.
However, our tests were performed in experimentalddions only, and Robertsost al.
(2006) have shown, for seeds in intact fruits, almiower germination percentages in Petri
dishes than in the field. Germination tests in fie&d should be performed to confirm the

effect of pulp removal.
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Macaques had a larger home range than sympainaar species, and traveled more
than 1500 m, on average, each day (Chapter 3),hwhareased the probability that seeds
were dispersed far from the parent plant (> 1000ain et al. 2000; Russo et al. 2006) .
Moreover, they used every natural habitat type thnee different seed dispersal techniques,
which increased the probability that the seeds veispersed in a suitable way and in a
suitable place, all the more reason that the plasaitability is spatially and temporally
unpredictable and often context-dependent (Schi@&8,11993, 2007). Defecation of many
seeds in clumps should not be a problem for mastiep given that seed dispersal is often a
multi-step process. After dispersal by primary drsers at some distance from parent plants,
secondary dispersers will then scatter seeds anve th@m in suitable places (Schugipal.
2010).

Finally, our study supports the prediction tit leonina effectively disperses the
seeds of many plant species despite the possigbtine effect of seed clumping in feces and
the mostly neutral effect of seed processing byagaes on seed germination and viability.
Indeed, compared to non-dispersed seeds, the adyanodf seed dispersal by leonine lie
more in (1) an increased probability of depositiora suitable place and pattern due to the
use of multiple seed handling techniques, (2) amessed dispersal distance, and (3) an
increased germination probability due to pulp readoV¥his third point may be confirmed by
referring to Samuels and Levey (2005) who stated when IF < ME = GP (where IF =
germination of seeds from intact fruits, ME = gemation of manually extracted seeds, and
GP = germination of gut passed seeds), then thmahis only needed to separate seeds from
fruit pulp.

Implications for conservation: their role in forest succession

As a prevalent and effective dispersht, leonina could have a great impact on
rainforest maintenance and on degraded area regemerldeally, seeds dispersed into
degraded areas would include early-, mid-, anddateessional species (Duncan & Chapman
2002). We have shown that they dispersed seedgeoy éife form, in every natural habitat
type, even grasslands. The characteristics.ofeoninacould thus be used in management
plans for forest restoration and regeneration, simalar way seed dispersal by birds has been

used (Scotet al. 2000). Northern pigtailed macaques could alsoalspspecies of economic
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interest, such a8alakata baccata(Euphorbiaceae) used for timber, and for its biark

traditional medicine (Forest Restoration Reseancit 2006).

Directions for future research

The study of seed dispersal by semi-provisionechals is necessary. Given that most
degraded areas are human dominated landscape&t{C@98; Kitamura et al. 2002), we
have to know if seed dispersers remain effectivenan presence of humans. However, we
cannot generalize directly our results to otheopsy and further studies in un-provisioned
conditions will be necessary. By comparing our ftsswith those of Kitamurat al. (2002)
about unprovisioned macaques, we highlighted dietand processing variations between
macaques troops. Indeed, the dietary overlap bettveeHQ troop and the macaques studied
by Kitamuraet al. (2002) was of 47 plant species only. This findsigpws that northern
pigtailed macaques are able to live in various remvhents, with different resources, by
adapting their diet according to the available pkpecies, as already shown in other primate
species (Ganas et al. 2004). Moreover, seed treatseemed to vary between troops,
particularly for some plant species reported apeatsed in Kitamuraet al. (2002) but
reported as predated in our study, &iweé versaThe difference in resources available in each
environment may induce various kinds of behaviar ¢tunch the seed or to reject it)
according to the needs in some nutrients. All thestential variations indicate the necessity
to study other troops of northern pigtailed macagparticularly troops living in more remote
areas, without access to human food. However, weatt@ady predict that un-provisioned
troops should be as effective, if not more effegtidispersers than HQ. Because the home
range of semi-provisioned troops is generally senghan that of un-provisioned troops, we
can suppose that other macaques troops’ home ead)eNP should be larger, mainly in wet
season (Altmann & Muruthi 1988), increasing thebatality of seed dispersal far from the
parent plant. Moreover, un-provisioned troops stiadt more fruits (and maybe more fruit
species) and less human food, and should disperse seeds than the HQ troop. Finally, in
this study we focused only on the first step of #eed dispersal process. from fruit
removal to seed germination (in experimental coowls). The study of later life stages of the
dispersed seeds, including post-dispersal predatiott secondary dispersal, would be

necessary to confirm the effectivenesd/fofieoninain seed dispersal (Schuppal. 2010).
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In the previous chapter we showed thatthern pigtailed macaques are effective seed
dispersers for many plant species as they dispaesg/ seeds of many fruit species, of all
kind of size, in all forest types, from primary ést to secondary forest, thanks to various
handling techniques, and with a neutral effectl@geed germination and viability of most
plant species.

Seed dispersal distance is an important compasfetispersal quality. Thus the way
animal move may have an impact on their seed diapeffectiveness. In the next chapter,
we will investigate the travels made by a troopnofthern pigtailed macaques and then

discuss the consequences in term of seed dispersal.
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Résumé

De nombreuses études ont mis en évidence l'infriglecla disponibilité en nourriture
sur la taille et la localisation du domaine vita@sdprimates. Notre étude vise a déterminer
comment la disponibilité en fruits influe sur legpthcements d’'une troupe de macaques a
queue de cochon du Nortécaca leonina vivant autour du centre des visiteurs du parc
national de Khao Yai, Thailande. Nous prédisions tgs macaques devraient augmenter
leurs déplacements lors des périodes de faibledavae de fruits pour atteindre une quantité
suffisante de nourriture de haute qualité, et gudiévraient aller la ou il y a le plus de fruits
ou la ou il y a le plus de fruits de certaines espéen particulier. De plus, la présence des
humains devrait aussi influencer la localisationlele domaine vital. Nous avons suivi une
troupe pendant 12 mois et enregistré son régimeealiaire et ses mouvements dans le
domaine vital (points GPS toutes les 30 minutesurRaciliter les comparaisons spatiales
entre les trajets des macaques et la disponitlitéruits, nous avons apposé une grille,
comprenant des cellules de 110 x 110 m, sur lesekemensuels définissant la surface du
domaine vital. La distribution spatio-temporellesdarbres en fruits sur des transects
botaniques a été analysée puis convertie en uoeitiabondance de fruits. Nos résultats ont
montré qu’en mars les macaques augmentaient la thlleur domaine vital, probablement
pour obtenir une quantité suffisante de fruits redkeynent disponibles. D’avril a ao(t, suivant
nos prédictions, ils se sont déplacés en direct@nertaines especes de fruits. En septembre,
les fruits sont redevenus rares et les macaqueaumgmenté la taille de leur domaine vital,
probablement pour trouver assez de fruits avant totee pénurie. D’octobre a février,
contrairement a nos prédictions, ils ont diminuélle de leur domaine vital et ont inclus de
a nourriture humaine, un item de haute qualitésdeaur régime alimentaire. En conclusion,
les macaques utilisaient plusieurs stratégies gadément, en fonction des disponibilités en

fruits et en nourriture humaine.

Mots-clés: taille de domaine vital ; disponibilité des ressmsr; parc national de Khao Yai ;

Asie du sud-est.
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Abstract
Numerous studies have highlighted the influencdoold availability on primates’

home range size and location. Our research aindetermine how fruit availability impacts
the ranging patterns of a troop of northern pigthinacaquedacaca leoningaliving around
the Visitor Center of the Khao Yai National Parlhailland. We predicted that macaques
should increase their range during low fruit abunodaperiods to gather sufficient high-
quality food, and that they should go where theraniore fruits or more fruits of some
particular species. Moreover, the presence of hgmsaould also influence their home range
location. We followed a troop over a period of 12nths and recorded its diet and
movements within the home range (GPS points ev@ymiutes). On monthly kernels
defining the monthly home range surface, we sugsgad a grid of 110 x 110 m cells to
facilitate spatial comparisons between macaquesetrand food availability. We analyzed
the spatio-temporal distribution of fruiting tre@sbotanical transects and converted it into a
fruit productivity index. Our results showed thatMarch, they increased their home range
probably to obtain a sufficient amount of newly igafale fruits. From April to August,
following our prediction, they traveled toward somarticular fruit species. In September,
fruits became more rare again and macaques increaheg home range perhaps to find
enough fruits as supplies began to dwindle. Frontol@r to February, contrary to our
predictions, they decreased their home range sideirecluded human food, a high-quality
item, in their diet. In conclusion, the macaquesduseveral ranging strategies according to
fruit and human food availability.

Key words home range size; resource availability; Khao Yadidial Park; Southeast Asia.
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Introduction

One of the most obvious adaptations of animalshé&r tenvironment relates to the
variation of their home range location and sizeoadiog to the environment which typically
undergoes temporal variationse( baboons (Bronikowski & Altmann 1996), macaques
(Hanya et al. 2006), woolly monkeys (Di Fiore 2Q08prillas (Vedder 1984), golden
monkeys (Twinomugisha & Chapman 2007), capuchin kegs (Robinson 1986), and
tamarins (Culot et al. 2010)). The characteristica species’ home range are defined by the
requirements of a species in terms of survival sptoduction. Thus the daily path length
and the size of a home range may be influencedoby Bize (Milton & May 1976), group
size (Clutton-Brock & Harvey 1977; Dunbar 1988; ltiag et al. 2007; Izumiyama et al.
2003; Makwana 1978; Olupot et al. 1994), reprodectfforts, sex, age, interactions among
conspecific groups (Isbell 1983), habitat struct(imumiyama et al. 2003), and weather
conditions (Clutton-Brock & Harvey 1977; Isbell 138 but also diet (Boonratana 2000;
Clutton-Brock & Harvey 1977; Harvey & Clutton-Brock981; Milton & May 1976),
foraging strategies, and, finally, the availabilby food resources, known to be a major
determinant of home range variations in many anispaicies (Bourgoin 2008; Brito 2003;
Ferguson et al. 1999; McLoughlin & Ferguson 2000iitAker et al. 2007; Zabel et al. 1995),
including primates (Di Fiore 2003; Hanya et al. @0Blarvey & Clutton-Brock 1981; Isbell
1983; Kaplin 2001; Olupot et al. 1997; Porter et 2007; Robbins & McNeilage 2003;
Twinomugisha & Chapman 2007).

Seasonality of fruit production in tropical foresslong with the heterogeneous
distribution of fruiting trees over the home rangejuce spatio-temporal variations in the
distribution of resources of frugivorous primat&scklefs 1990). It is thus necessary for most
animals to find a trade-off between their needs trel cost to meet them. They should
optimize their ranging distance to minimize thetsgse. energy cost of travel as well as risk
of predation or competition, and maximize the bigef.e. food rewards (Barrett 2009;
Ricklefs 1990; Zhao 1999).

Studies have highlighted two possible patterns usedinimals to respond to the
seasonal decreases in food availability. For someciss, the periods with high food
availability allow a decrease in the ranging dis&s) whereas the scarcity of fruits forces

them to range farther to obtain a sufficient amaafrtheir original diet (energy-maximizing
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strategy;e.g. Milton 1980; Vedder 1984). For other species, wtienavailability of food is
high, the energy gain allows ranging farther tachepreferred food species. In contrast, food
scarcity may force them to decrease their rangistpce to compensate for low energy
availability resulting from the consumption of lesgjuality items (energy-minimizing
strategy;e.g. Agostini et al. 2010; Di Fiore 2003; Hanya et 2006; Swedell 2002). Some
authors have shown that both strategies could bd by a single species according to the
availability of some particular fruit species ohet items (Agetsuma and Noma 1995). Our
aim is to determine the ranging and feeding stsategergy-maximizing and/or minimizing,
used by a primate troop according to food availgbil

During our study of the feeding ecology of a hadiéd troop (HQ troop) of northern
pigtailed macaquedacaca leoninaat Khao Yai National Park, Thailand, we systeosly
collected data on ranging behavior. Northern pligthimacaques are semi-terrestrial and
mainly move on the ground, which decreases thesaufstong daily paths (Rodman 1979)
They are frugivorous as are many other cercopitigespeciesThe home range size of the
closely related southern pigtailed macagMacacanemestrina has been estimated to be
between 62 and 828 hectares (Sponsel et al. 2002)ranging pattern of northern pigtailed
macaques seems to fit the definition of a multgdatral place foraging strategy (Chapman et
al. 1989). Indeed, northern pigtailed macaques deé/ round-trips between a limited
number of central places (sleeping sites) and fegsites (Albert et al. 2011).

In most primates, proximity to human settlementsamseabundance of human food
(Altmann & Muruthi 1988; Brotcorne et al. 2011; Ranhal. 2003). Our study troop lived
around the park Visitor Center and was often oleskmither stealing food from houses or
trash cans, or begging from tourists. Feeding andnufood may have consequences on their
ranging behavior, as demonstrated in other prirspéeies (Saj et al. 1999; Strum 2010).

In this study, we examined whether the ranging Wehaof this troop of pigtailed
macaques was associated with the seasonal resuait&bility, fruits as well as human food.
We predicted that the troop’s ranging pattern sthéoal affected by seasonal variation in fruit
availability as they are mainly frugivorous andttha low food abundance periods, they
should increase their foraging aréa.(energy-maximizing strategy) instead of adjustingjrth
diet, as do more arboreal species suchMasaca fascicularis(Lucas & Corlett 1991).
Moreover, they should spend more time were themaase fruits in total or, alternatively,
were there is more fruits of some particular spedignally, the location of their home range

should be affected by the location of human food.
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Methods

Study area

This study was conducted at Khao Yai National R&KNP; 2,168 kmz2; 14° 05'-
15'N, 101° 05'-50'E). The study site is locateduadbthe park Visitor Center, an area of
seasonally wet evergreen forest (Forest Restor&esearch Unit 2000) at 700-800 m ASL
and including a ranger station and various todasilities. The climate is monsoonal, with a
wet season (from May to October) and a relatively season divided into a cool (from
November to February) and a hot (from March to Bpgeriod. The mean monthly
temperature ranges from 19°C (December, Januarg®t€ (March, April) and the annual
precipitation averages 2,504 mm with monthly avesagf 69 mm in the dry season and 353
mm in the wet season (2006-2009). Rainfall and t¥atpre patterns were similar over the

study years (Conservation Ecology Program, KMUTdrspcom.).

Data collection

The study troop (HQ troop) included 32 to 39 induls: 2 to 3 adult males and 12 to
13 adult females (full grown and sexually maturejividually identified, along with 1 to 3
sub-adult males and 17 to 20 juveniles. A.A. was dhly observer and conducted all data
collection. She followed the study troop for one @xery two or three days, from sleeping
site to sleeping sitd,e. approximately from 6:00am to 6:00pm. The folloneeaged 7.25
days per month, spreading over a average of 19 gixymonth, and totalizing 1,029 hours.
We divided the study in three periods for logidtiemsons (April - July 2009 [Period 1]: 370
h; December 2009 - March 2010 [Period 2]: 288 hguési - November 2010 [Period 3]: 371
h). Common distances between macaques and thevebsere between 1 and 10 m.

During each period, the observer noted the trolmrations based on GPS coordinates
automatically recorded every 30 minutes to maxinmzependence between two consecutive
points (Phoonjampa et al. 2010). The GPS recordsaged 182 GPS positions per month
which appeared to be a representative sample dabthklocations per month visited by the
macaques (Downs 2008; Seaman et al. 1999). To eitisat we collected enough data to
create monthly home ranges, we checked if the aglation curve of monthly home range

size reached an asymptote. The GPS locationalseramged from 6 to 10 m. To determine
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the degree of home range use, we defined a “presadex” as the number of observations
recorded in the various parts of the home range.th@a used the software ArcView 3.2a
(ESRI) to map the monthly home range, simultangoregorting the values (in percentages)
of the presence index in specified locations, amel length of daily travel. We derived
estimates of limits and surface of the day rangeguthe least square cross-validated fixed
kernel density estimation (LSCV KDE, hereafter redd to as kernel), one of the most
widely used and the most accurate estimation mefitrokdome range size (Seaman & Powell
1996; Worton 1989). We defined the monthly homegesnby the 95% kernels and removed
the outlying pointsi.e. 5% of the sample location points, from the analysiavoid any bias
due to exploratory and/or exceptional movementstZ@e al. 2007). The core areas were
defined by the 50% kernels.

Within the troop home range, we distinguished twpet of habitat (Figure 3.1):
human settlements and forests. Theurfian settlemeritshabitat included tourist and
associated buildings (staff housing, restaurantagblows), as well as the road crossing the
tourist area, other housing, a section of the riaed a small section of forest directly
adjacent. Theforest$ habitat refers to the continuous natural forest the rivercrossing the
study area that were > 10 m away from the humdlesetnts.

In addition, we distinguished five sub-types ofefst;, according to successional stages.
The “grassland is essentially composed of Gramineae. Tisértibland is composed of
shrubs, predominantiMelastoma malabathricumand grass. Thestall treé areas are
dominated by treelets with a DHB between 10 an@r20(> 80% of trees) and below 15 m
high, i.e. mainly Eurya nitida, Cratoxylum cochinchinenaed Schima wallichii and some
shrubs. The secondary forestis mainly composed of trees with a DBH betweenabd 20
cm (> 70% of trees) but predominantly taller th&nd, and has lower species diversity than
primary forest (essentiallZratoxylum cochinchinense, Eurya nitida, Machila®@tissima,
Schima wallichiiand Symplocos cochinchinengises). The primary forest is characterized
by trees of all age and size classes, lianas, g@phtand hemi-epiphytes, and high species
diversity. We noted the time at every change initadland forest type during the macaques’

movements to calculate their proportion of use.
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|:| Primary forest Shrubland
- Secondary forest Grassland ] Houses
|:| Small trees - Human settlements

Figure 3.1. Spatial representation of the various habitat types in the studied troop’s home range.

The observer created 12 botanical transects odembeth—south across the troop’s
home range to evaluate the spatial distribution dadsity of resources. Transects were
twenty meters wide and about 110 meters spacedoverca total area of 27 hage.
approximately 20% of the home range (Mueller-Dorsb&i Ellenberg 1974; Savini et al.
2008; Struhsaker 1975). The observer measurededaggapped and identified all trees with
a DBH > 10 cm. In the nearby Mo Singto Long Term Biodiu#grsResearch Plot
(Brockelman 1998), with a plant composition ideatito that found in the home range, we
evaluated the overall availability of fruit specl®srecording monthly the phenology of about
ten individuals of each plant species includechim home range. We defined a 5-point scale
score to quantify fruits in the crown of a treefw® = no fruit, 1 = 1-25%, 2 = 26-50%, 3 =
51-75%, and & 76%
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The observer used scan sampling (Altmann 1974)l eistble members of the troop
at intervals of 30 minN = 21,389 observations) to record, for each indigidthe item and
plant species consumed in case of feeding events.

The observer collected fresh feces found in thestorShe sieved them through a 0.5
mm nylon mesh to extract the seeds and identified glant species. Mogticus species
seeds, typically indistinguishable, were not idiattie to the species level. We grouped these
species intoFicus spp. Seed species that could not be identifiedewassigned an
identification number.

We assessed plant species importance in the dsetdban fecal and scan samples
using the definitions of Doran et al. (2002). Wdinkd important plant species as plants
consumed in large quantitieise( in at least 50% of fecal samples during at least month)
and/or for long durationi.. in feces for at least 50% of months). In additiore also
considered all plant species consumed during at I8%% scan sampling observations as

important species.
Data analysis

In order to compare the troop’s ranging behavidhwhe spatio-temporal distribution
of fruits in the home range during a given montk,wged a sampling grid of 110x110m cells
covering the home range. Each cell included a aeaf botanical transect (18% of a cell
trees were part of the section). For each mamtf the study we calculated a fruit abundance

index for each tree specikper cellc (SFAkem) [EQ. (1)].
SFAkem = DeBicPim 1)

where I is the density of a given species in a given c¢fitems/cell), & is the mean basal
area of trees of a given species the cellc (m?/cell), and Ry, is themean phenology score of
fruit in the crown of specigsin a givenmonthm. Then, we added the results of every species
found in each cell to obtain a monthly fruit abunda index (Savini et al. 2008) per cell
(FAlen) [Eq. (2)].

n

FAlem = Z SFAlem (2)

k=1
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Finally, we added the results of every cell in wegi month to obtain a monthly total fruit
abundance index (TFA) [EqQ. (3)].

TFAl, = i FAbm (3

c=1

To classify each month in high or low fruit abundarperiods, the monthly TFAI
scores were first ranked. To minimize the potenbas resulting from an overlap in
confidence intervals of high and low TFAI scoreg divided the TFAI scores’ distribution
into three classes. High fruit abundance periodeevdefined as months with TFAI scores
above the 66% quantile. Low fruit abundance periogse defined as months with TFAI
scores below the 33% quantile. Any case which gpbt sample in two, using either the
median or the mean as the threshold between peobtggh and low TFAI, gave similar
results.

We performed two-tailed statistical tests with Stata 9.0 & level: 0.05). We
conducted Mann-Whitney-tests in order to compare the potential differemcenonthly
home range size, daily path length, diet, and tspent in each forest and habitat type
between high and low fruit abundance periods.

To highlight possible relationships between macagmovements and diet with fruit
availability, we performed Spearman rank correl&icsuccessively between daily path
length, diet, and TFAI, and between TFAI and montlbme range size, and between FAI
and the presence of macaques in each cell for macith. To test the alternative hypothesis
that they spent more time where there were morgsfof some particular species, we
replaced the total FAI by the SFAIg. the FAI of each species).

We calculated binomial probabilities of differendegween the use frequency of each
forest and habitat type (from the number of GPSgomade during the follow) and the
frequency expected given the area of each type.

The present study was approved by the DepartmeN&atbnal Parks, Wildlife, and
Plant Conservation, Bangkok, was conducted in @dmpliance with the laws of the
Kingdom of Thailand, and adhered to the Americarci®yg of Primatologists (ASP)
Principles for the Ethical Treatment of Non Humaimfates.
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Results

Availability of resources

Among the 126 fruit species that were part of tlo®p’'s diet, the abundance of 42
was possible to analyzed. they were found on botanical transects, with phago data
available). Moreover, 117 sampling cells were aradly macaques visited 103 cells and fed
in 93 cells. There was a significant positive clatien between the time the troop spent in
each cell and the feeding plant densitg. {plants macaques were observed feeding on fruit)
(Spearman correlatiolN = 117;rs = 0.87;P < 0.001). Over the course of the study, the mean
fruit abundance index in the home range was 8131cp# and ranged from 1518 in
November 2010 to 27,725 in May 2009 (Figure 3.2)e productivity peak began in March,
two months before the wet season, and starteddinden August, three months before the

dry season. Human food was available year roundaltlee constant presence of tourists and

local people.
P1 P3
P4 P2 P4
100 T = 30000
90+
;ﬁi g0 | + 25000
9 70 T 1 20000 —=&— Home range observed
w60 T+ N & -~ Home range expected
v
s 50 | + 15000 ‘; —s—TFAI
S 40 = |- - - - 66% quantile for TEAT
5} 30 + -+ 10000 .
g >0 /4L N\ X | 33% quantile for TFAI
mo 20T + 5000
10 + :
0 e 0

\‘bo <& @Qf* Y‘é Q\&\ \00 \& vo% R % %OA Q@"
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Figure 3.2. Variation of home range size and total fruit abundance index (TFAI) according to
months. High fruit abundance periods were defined as months with TFAI scores being above the
06% quantile. Low fruit abundance periods were defined as months with TFAI scores being
below the 33% quantile. The variation of home range size observed differs from what was
expected. Human food could be the cause. Period 1 (P1): March; Period 2 (P2): April-August;
Period 3 (P3): September; Period 4 (P4): October-February.
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Apart for four months of the 12 months of the st¢@pearman correlatioN = 117,
June 2009rs = 0.19;P < 0.05; March 2010rs = 0.28;P < 0.05; August 2010s=0.19;P <
0.05; September 2016 = 0.20;P < 0.05) the time the troop spent in a cell was not
correlated with the fruit abundance index of abaps (FAI). However, by testing our
alternative hypothesis, we found that the time maea spent in a cell was positively
correlated with the fruit abundance index of soragipular species (SFAI) found in the same

cell for each month of the study (except Januaty02QAppendix 3.1).

Diet

Over the study period, 1818 feeding observation® wecorded during scan sampling
and 335 feces were collected. The HQ troop ates fisotn 138 plant species, including 126
fruit (including at least 16@-icus species), seven flower, six pith, six leaf, andrfgshoot
species. They also ate human food (rice, fruiteathy biscuitsetc), fungi, ants, termites,
spiders, grasshoppers, caterpillars, beetles ameé small vertebrate®.Qg. squirrels). Fifteen
plant species were considered as important spectbe diet (Chapter 2). The macaques’ diet
varied from highly frugivorous (> 50% of fruits the diet) during the high fruit abundance
periods, to omnivorous during the low fruit abunclaperiods (Figure 3.3). The proportion of
fruits in the diet was significantly greater in thigh fruit abundance periods compared to the
low fruit abundance periods (Mann-Whitne&yTest: U = 0, Nhigh = 4, Niow = 4, P < 0.05),
from 8% in January to 76% in Junid € 1,818 feeding observations during scan sampling)
and, conversely, the proportion of human food desmd, although it only approached
significance, in the high fruit abundance periodmpared to the low fruit abundance periods
(Mann-WhitneyU-Test:U = 1 Nhigh= 4, Now = 4, P = 0.061), from a high of 69% in January
to a low of 2% in June. Moreover, there was a $iggmt correlation between the number of
fruit species in the diet and the number of speftiging each month (Spearman correlation:
N =12;rs= 0.80;P < 0.01). Also the monthly TFAI was directly comaedd with the monthly
percentage of fruit in the diet (Spearman corretatN = 12;rs = 0.88;P < 0.001), and
inversely correlated with the monthly percentagafers (Spearman correlatioN:= 12;rg
=-0.68;P < 0.05) and human food (Spearman correlafir:12;rs=-0.78;P < 0.01) in the
diet.
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Figure 3.3. Seasonal variation in the diet of the studied troop. TFAI = total fruit abundance
index. N,,=123 feeding observations during scan sampling; N, =132; N, =170; N, =113;
Ny =203; N, =142; N, =126; N, ,=211; Ny, =197; N, =133; Ny, =171; Np .= 97.
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Daily path length, area use and behavioral activities

Neither the monthly home range size (Spearman letioe: N = 12;rs = 0.54;P >

0.05) nor the mean daily path length (Spearmaretadiron:N = 12;rs = 0.52;P > 0.05) was
correlated with the TFAI. However, over the stuayipd, the mean daily path length of the
troop was 1588 = 412 nN(= 86 complete days) and increased significantlynduthe high
fruit abundance periods (megp = 1804 + 471 m; megk = 1567 + 325 m; Mann-Whitney
U-Test:U = 258, Npigh = 30, Niow = 27, P < 0.05). Moreover, the size of the monthly home
range varied from 5.8 ha (January 2010) to 72.&8eptember 2010) with two peaks (67.3 ha
in March 2010 and 72.4 ha in September 2010) (Eidgu#d), and was significantly larger
during the high (mean = 57.8 £+ 3.3 ha) than dutimg low (mean = 38.3 + 25.9 ha) fruit
abundance periods (Mann-WhitnByTest:U = 0, Nhigh = 4, Niow = 4, P < 0.05). The size of
the core area (50% kernel) varied from 0.5 ha (@gn@010) to 11.0 ha (September 2010).
The location of the home range varied from monthminth (Figure 3.4). These monthly
variations did not seem to be due to an insufficmmber of study days as, for 10 of 12

months, the accumulation curve of the home rarggersiached an asymptote.
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Figure 3.4. Seasonal variation in size and location of monthly home ranges (50% and 95%
kernels). High fruit abundance period: April, May, June, July. Low fruit abundance period:
January, February, October, November.
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The mean daily path length was positively correlatgth the monthly percentage of
fruits in the diet (Spearman correlatidti= 12;rs = 0.67;P < 0.01) and negatively correlated
with the monthly percentage of human food consu(®karman correlatioMN = 12;rs = -
0.68;P < 0.01). The more macaques ate fruits (and ttetlesy ate human food), the longer

distance they traveled.

Use of habitat and forest types

The home range was mainly covered by primary foflegjure 3.1). The troop spent
46% of the study timeN = 1029 hours) in the forests and 54% in humaresetints. When
in the forests, it spent 69% of the study timenmgary forests, 30% in secondary forests, and
less than 1% in small tree areas, shrublands aasklgnds. The use of forest was more
intensive during the high fruit abundance periadsgn = 60 + 11%) than during the low fruit
abundance periods (mean = 36 * 17%), contrarydauie of human settlements (mgarF
40 + 11%; meagy = 64 = 17%; Mann-Whitney-Test:U = 0, Nnigh= 4, Niow= 4, P < 0.05).

The troop used much more frequently the humanesegthts area and the secondary
forest than expected (Binomial probabili:= 0), and used less frequently the various other

types of forest® < 0.001).

Discussion

This study indicated that the macaque troop aeguds diet and ranging behavior
according to seasonal variations of wild resourdése positive relationships between the
quantity of fruits in the diet and the quantityfaiits available in the home range show that
the more there were fruits, the more macaquesaits.fThis relationship was also supported
by the increased use of forest habitats by the queesaduring the high fruit abundance
periods. Then, the monthly home range size and ¢ieith length of the troop decreased
during the low fruit abundance periods. This pattes contrary to our prediction as it
corresponds to the energy-minimizing strategy, &smd in other primate species (Agostini
et al. 2010; Di Fiore 2003; Hanya et al. 2006; Ss#led002). During low fruit abundance
periods, the macaques spent more time near huntizensents where they used human food,

which is frequent in Cercopithecinae living cloesehimans. However, contrary to our studied
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troop, cercopithecines usually eat it in quantigary round (Naughton-Treves et al. 1998;
Brotcorne pers. com.). The lack of correlationsMeein the FAI and the macaques’ presence
in each cell suggests that macaques did not spemd time where there were more fruits.
However, the correlation between the SFAI of soradiqular plant species and the time
macaques spent in a cell (Appendix 3.1) show theit travels were directed toward places
containing particular fruit species, some of whwére qualified as important in the troop‘s
diet. This specific ranging behavior has also bskown in other primates (Kaplin 2001;
Milton 2000). However, our analysis did not inclddganas, palm trees and small trees
(DBH<10cm), which were an important part of thetdlaring some months of the study and
thus could have also influenced the travel directd the macaque®.g. Diplectria barbata
(liana) in June and Julyfoddalia asiatica(liana) in July;Daemonorops jenkinsian@galm
tree) in October, November and Janudiglastoma malabathricurgshrub) in May).

These results would initially seem to contradiat prediction that macaques would
enlarge their exploited area in times of fruit sdgr (i.e. energy-maximizing strategy).
Instead, they minimized their travel costs by dasmeg their daily path length and home
range size, and changed their diet by including durfood. This diet flexibility is rather
common in primates (Chapman 1987, 1988; Chapmarh&@an 1990; Clutton-Brock &
Harvey 1977; Lindburg 1977; Milton 1980). Howevére detailed study of the macaques’
ranging pattern and diet suggests they used badkegies. First, the variation in monthly
home range size was not simply unimodal but bimadadl could be divided into four periods:
(1) a peak in March when rainfall began, (2) aldlidecrease with a plateau during the high
fruit abundance periods, (3) a new peak in Septendred (4) a decrease in size during
roughly the dry season (from October to Februdfigure 3.2).

During period 1, in March, macaqgues seemed to msmargy-maximizing strategy by
increasing their home range size to procure a geffi amount of fruits. This period
corresponds to the beginning of rainfall, when tfwstarted to be available but were still
relatively scarce. One could also hypothesize teatroop did not only increase its range to
eat but also to monitor the phenological statereéd in a larger area and increase its
probability to find fruits later.

During period 2, macaques traveled toward prefefreting species and consumed
them until their fruits began to become scarce @ndntil another preferred species fruited.
Their preference for sites with a lower fruit abande (FAI) and higher abundance of

particular fruit species (SFAI) instead of siteshahigher fruit abundance (FAI) suggests that
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northern pigtailed macaques are capable of spdisglounting as already shown in other
primate speciese(g. Stevens et al. 2005). Moreover, our observatiomsveld that northern
pigtailed macaques could be a “traplining” speciEmson 2000). Indeed, the troop usually
visited the same patches of fruiting trees in priadile repeating sequences during several
days or even weeks (Figure 3.5). Despite the avétlaof human food year round, macaques
feeding mainly on fruit during this period suggettat fruit was either of higher quality than
or preferred over human food, maybe because theg harassed by local people and felt

unsafe where human food was located (Foerster &tba010).

——  03/05/2009
- — = 06/05/2009
------------ 13/05/2009 | Daily paths
m——— 19/05/2009

— = 15/06/2009 )

O Feeding trees

Figure 3.5. Example of five daily paths showing that macaques used the same patches of
resources during several days or even weeks.

During period 3, in September, fruits started toslbarce again. Macaques used an
energy-maximizing strategy and increased their hoange size, probably to reach enough
fruits before fruit availability reached its lowgstint.

Finally, during period 4, macaques seemed to shovwereergy-minimizing strategy:
they decreased their travel costs by staying nehudmyan settlements, thus decreasing their

home range size. However, they did not includehéir diet, low-quality items, as predicted,
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but human food, which is considered as a high-gu#km, often of high caloric density,
palatability, and digestibility (Forthman-Quick 1®8aj et al. 1999).

Hamilton and Watt (1970) suggested four potentictegies used by animals in the
exploitation of energy: (1) minimize the probalyilaf decline of energy balance below zero,
(2) maintain energy balance at zero, (3) increasegy balance above zero, and (4) maximize
energy with no limits. The study troop seemed teel@und a method of maximizing energy
with no limits. During the dry season, the high lgyaof human food and its high
concentration at the Visitor Center should givligher value than any other item available
(non-reproductive plant parts and aseasonal fgiiipecies such dsicus spp. or Palmae
trees) given the energy needed to gain accesste thther items. The use of human food
during the low fruit abundance periodas already been shown in studies of crop-raiding b
primates €.g. Naughton-Treves et al. 1998), with a higher usesahe crops by primates
during periods of wild fruit scarcity.

This particular pattern of ranging leads us to khihat, without human food,
macaques would tend to use, as predicted, an eneagynizing strategy (Figure 3.4). This
behavior as been shown in a troopGtiorocebus aethiop@arrett 2005), another semi-
terrestrial cercopithecine species that tendedntoease its home range size during fruit
scarcity. The study of other troops, living in meemote areas, would help to confirm our

hypothesis.
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Appendix

Appendix 3.1. Spearman correlations between the time macaques spent in each cell and the SFAI of species found in these cells for each month of the

study. N = number of cells analyzed = 117. NS = non significant (P > 0.05).

Adinandra Aglaia Albizia Alchornea Alphonsea Anthocephalus  Antiaris Ardisia Ardisia Baccaurea
integerrima elaeagnoidea attopeuensis boniana chinensis toxicaria nervosa sanguinolenta ramiflora
Apr 2009 r«=-0.18 r«=-0.17 rs=-0.03
NS NS NS
May 2009 r«=-0.01 r«=0.03 r«=0.27
NS NS P<0.01
Jun 2009 rs=0.20 rs=0.00
P <0.05 NS
Jul 2009 rs=0.00 rs=0.05 rs=0.06
NS NS NS
Dec 2009 rs=-0.02
NS
Jan 20010
Feb 2010 r«=0.17 rs=0.02
NS NS
Mar 2010 rs=0.02 r«=0.16 rs=0.26
NS NS P<0.01
Aug 2010 r«=0.21 r«=0.14 r«=0.07 rs=0.03
P <0.05 NS NS NS
Sept 2010 rs=-0.08 r«=0.30 r«=-0.13
NS P<0.01 NS
Oct 2010 r«=-0.09 r«=0.13 rs=-0.07
NS NS NS
Nov 2010 r«=-0.16 r«=0.10 rs=-0.15
NS NS NS
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Balakata Bhesa Bridelia Carallia Celtis Choerospondias Cinnamomum Cinnamomum Decaspermum Diospyros
baccata robusta insulana brachiata tetrandra axillaris iners subavenium fructicosum glandulosa
Apr 2009 rs=-0.09 rs=-0.22 r«=-0.07 ry=-0.00 rs=-0.06 rs=-0.07
NS P < 0.05 NS NS NS NS
May 2009 r;,=0.03 rs=0.05 rs=0.14 rs=0.29 r«=0.14
NS NS NS P<0.01 NS
Jun 2009 rs=-0.05 r.=0.20 re=0.17 r=0.24
NS P < 0.05 NS P<0.05
Jul 2009 rs=0.45 r«=0.30 re=0.22
P < 0.001 P<0.01 P<0.05
Dec 2009 rs=0.05 rs=0.01
NS NS
Jan 20010 rs=0.02 r=-0.10
NS NS
Feb 2010 re=-0.04 r(=-0.11 r;=-0.04 rs=0.00
NS NS NS NS
Mar 2010 rs=0.12 rs=0.05 ri=-0.07 rs=0.18 r=0.18 r.=0.01
NS NS NS P < 0.05 P<0.05 NS
Aug 2010 r«=0.18 r«=0.11
NS NS
Sept 2010 rs=0.26 r«=0.21
P<0.01 P<0.05
Oct 2010 r«=0.15
NS
Nov 2010
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Elaeocarpus Eurya Garcinia Gironniera Glochidion Helicia Knema  Lithocarpus Litsea Macaranga Macaranga
robustus nitida benthamii nervosa rubrum formosana elegans thomsonii monopetala denticulata  gigantea
Apr 2009 rs=-0.03 rs=0.09 r«=0.07 rs=-0.16 r«=0.18 rs=0.04
NS NS NS NS NS NS
May 2009 rs=-0.02 rs=0.06 rs=-0.06 rs=-0.35 rs=-0.17
NS NS NS P <0.001 NS
Jun 2009 rs=0.13 rs=0.00 re=-0.13 rs=-0.13 r=0.12 r=0.19
NS NS NS NS NS P < 0.05
re=
Jul 2009 r«=0.09 0.13 rs=-0.17 rs=-0.09 rs=-0.04 rs=0.37
NS NS NS NS NS P <0.001
Dec 2009 r«=0.03 rs=-0.25 rs=-0.11 r=0.03
NS P<0.01 NS NS
Jan 20010 rs=-0.05 rs=-0.12 rs=-0.09 rs=0.04
NS NS NS NS
Feb 2010 r=0.11 rs=-0.05 rs=-0.05 r«=0.14 rs=0.07
NS NS NS NS NS
rs -
Mar 2010 0.15 rs=0.13 rs=-0.10 rs=-0.01 r=0.18 r.=0.08
NS NS NS NS NS NS
Aug 2010 rs=0.16 rs=0.05 rs=-0.05 rs=-0.30 rs=0.25
NS NS NS P<0.01 P<0.01
Sept 2010 re=-0.01 rs=-0.13 re=-0.01 r.=-0.28 rs=0.27
NS NS NS P<0.01 P<0.01
Oct 2010 r«=0.02 rs=0.07 rs=-0.22
NS NS P<0.05
Nov 2010 rs=-0.06 rs=0.10 rs=-0.23 rs=-0.09
NS NS P <0.05 NS
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Machilus Mastixia Michelia Nauclea Nephelium Platymitra Pouteria Saurauia Symplocos Syzygium  Syzygium
odoratissima pentandra  baillonii orientalis melliferum macrocarpa stellibacca roxburghii  sumuntia  siamensis syzygioides
Apr 2009 rs=0.02 rs=0.23 rs=0.04 r«=-0.14 r«=0.13
NS P < 0.05 NS NS NS
May 2009 rs=0.21 rs=-0.16 r«=0.14 rs=-0.20 rs=-0.10
P < 0.05 NS NS P <0.05 NS
Jun 2009 r=0.21 rs=-0.06 r(=0.13 ry,=-0.12 rs=0.02
P < 0.05 NS NS NS NS
Jul 2009 r=0.11 rs=-0.19 r«=0.19 r;=-0.20 rs=0.01
NS P<0.05 P<0.05 P<0.05 NS
Dec 2009 r«=0.27 rs=-0.08
P<0.01 NS
Jan 20010 r«=0.12 r«=-0.11
NS NS
Feb 2010 rs=0.29 rs=-0.11 re=-0.17 re=-0.07
P<0.01 NS NS NS
Mar 2010 rs=0.33 rs=-0.15 rs=-0.08 rs=0.03
P <0.001 NS NS NS
Aug 2010 r«=-0.10 rs=-0.06 rs=0.11
NS NS NS
Sept 2010 r«=0.07 rs=-0.17 rs=-0.05
NS NS NS
Oct 2010 r.=0.29 rs=-0.09
P<0.01 NS
Nov 2010 r.=0.32 rs=-0.10
P<0.01 NS
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In the previous chapter, we showed that northegtajled macaques adapt their
ranging behavior to the spatio-temporal variatidriroit availability. Given the impact of
human food on macaques’ range we wonder if it aEsoan impact on seed dispersal. In high
fruit abundance periods, macaques have a large mange, travel long distances, and eat
mainly fruits. Thus human food does not seem toehav impact on seed dispersal. In low
fruit abundance period, macaques decrease theie hange, travel shorter distances, and eat
mainly human food. So this latter could have ailvigact on the seed dispersal of some rare
fructifying species. However, these species alnatisbelong to the genuBicus which is
eaten by many animal species able to provide gaeksal services.

Moreover, northern pigtailed macaques move wheeset are more fruits of some
species. As highlighted by Tsujino and Yumoto (20Q@Bis behavior may have a positive
impact on seed dispersal. During a given periodcagaes travel mainly between high
concentrations of a given fruiting plant speciesiriy so, they disperse this seed species
within the specifically suitable habitat in whichet con-specific adult trees are distributed,
and thus increase the probability of survival & #eeds (Wenny 2001).

Animal concentration at some places may have ativegimpact on seed dispersal
(e.g.latrines in tapirs, leks in tetras, roosting sitesiornbills or sleeping sites in macaques).
The higher defecations’ number at these placesases seed density (McConkey 2000;
Russo & Augspurger 2004; Schupp et al. 2002) ang strangly decrease seed survival and
germination. In the next chapter, we will take atage from the follow of macaques to study
the way they choose their sleeping sites and tudswhat impact this choice could have on

their seed dispersal effectiveness.
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Résumé

Plusieurs facteurs sont susceptibles de conttaleglection des sites dortoirs et les
comportements liés au sommeil chez les primateshnomains, parmi lesquels les risques de
prédation et la localisation des ressources aliaie®. Nous avons examiné les effets de ces
facteurs chez des macaques a queue de cochon duMiacaca leoninq Pendant le suivi
d’'une troupe vivant autour du centre des visitelwparc national de Khao Yai (Thailande),
nous avons enregistré les caracteéristiques physiguka localisation de chaque site et arbre
dortoir, la place des individus dans I'arbre, Iposture et leurs comportements. Nous avons
collecté des données pour 154 nuits entre avril9260 novembre 2010. Les macaques
préféraient des arbres hauts (20.9 + 4.9 m) etadéeb places dortoirs (15.8 + 4.3 m), ce qui
peut étre une stratégie anti-prédateur. Le choisids dortoirs proches du dernier (146.7 +
167.9 m) ou du premier (150.4 + 113.0 m) site aftitage du jour peut permettre
d’économiser de I'énergie et de diminuer les risqae prédation quand les macaques
cherchent leur nourriture. De méme, le choix dessitortoirs proches des habitations facilite
I'accés a la nourriture humaine lors des périodepé&hurie de fruits. Finalement, le pattern
temporel d'utilisation des sites dortoirs, avec yméférence pour quatre des sites dortoirs
mais avec peu de réutilisations consécutives, @gatun compromis entre le besoin d’avoir
plusieurs sites dortoirs (diminuant ainsi les res@ie détection par les prédateurs et les codts
de déplacement vers les sites alimentaires), leédein de dormir dans des sites bien connus

(garantissant une fuite rapide en cas d’attaqueiparédateur).

Mots-clés évitement de la prédation; ressources alimentapas; national de Khao Yai;

ThailandeMacaca leonina.
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Abstract

Several factors are likely to control sleeping stlection and pre-sleep behavior in
non-human primates, including predation risk anzhifimn of food resources. We examined
the effects of these factors on the sleeping behafinorthern pigtailed macaqueddcaca
leoning. While following a troop living in the surroundja of the Visitor Center of Khao Yai
National Park (Thailand), we recorded the physidaaracteristics and location of each
sleeping site, tree, the individuals’ place in ttee, posture, and behavior. We collected data
for 154 nights between April 2009 and November 2012 monkeys preferred tall sleeping
trees (20.9 £ 4.9 m) and high sleeping places (#5483 m), which may be an anti-predator
strategy. The choice of sleeping trees close tdabte(146.7 + 167.9 m) or to the first (150.4
+ 113.0 m) feeding tree of the day may save enenyy decrease predation risk when
monkeys are searching for food. Similarly, the cbkoof sleeping sites close to human
settlements eases the access to human food duemgdg of fruit scarcity. Finally, the
temporal pattern of use of sleeping sites, withrefggence for four of the sleeping sites but
few reuses during consecutive nights, may be seiodidbetween the need to have several
sleeping sites (decreasing detection by predatodsti@vel costs to feeding sites), and the

need to sleep in well-known sites (guaranteeirgstef escape in case of predator attack).

Key words predation avoidance; food resources; Khao Yai Mali®ark; ThailandMacaca

leonina.
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Introduction

Like many traits subject to natural selectiongplag behavior is likely affected by
several factors, either biotic, such as the infbgenf competitors, predators or parasites, or
abiotic, such as the weather (Anderson 1984). Mstoylies of sleeping behavior have
highlighted the importance of predation pressurprimate sleeping site selectioad.Caine
1987; Day & Elwood 1999; Hamilton 1982; Matsudakt2008; Reichard 1998; Smith et al.
2008; Tenaza & Tilson 1985; von Hippel 1998). Indlegrimates spend about half of their
life sleeping and their greater vulnerability whttey sleep explains why sleeping sites
should be selected with care. Several reports taickd at sleeping sites have confirmed
nocturnal exposure to predation (Altmann & Altmat®70; Busse 1980), and one could
expect species facing high predation risk to ses#gts offering high safety guarantees.
Several studies have also emphasized the importarfoed resource proximity for sleeping
site choice €.g. multiple central place foraging hypothesis or MECRRANnderson 1998;
Chapman 1989; Chapman et al. 1989; Day & Elwood1%2an & Jiang 2008; Heymann
1995; Mendes Pontes & Soares 2005; Phoonjampa 20HD; Smith et al. 2007; Sugardjito
1983; Vessey 1973; von Hippel 1998).

During our long-term field study of the feedingokxgy of northern pigtailed
macaquesNacaca leoninaBlyth, 1863), we collected data on a habituatedpi® sleeping
habits. Northern pigtailed macaques form multi-m@lelti-female troops and have a high
degree of sexual dimorphism (males range from &.24t5 kg and females from 4.7 to 10.9
kg). Like many other cercopithecine species, they semi-terrestrial (members of the HQ
troop were on the ground for 60% of the 21,377 sadra single animal (Albert, unpublished
data)), frugivorous and their cheek pouches enhiel to store fruits. Although few data are
available for this species, we know that a closelsted speciedd. nemestrinaforms troops
ranging from nine to 81 individuals (Oi 1990).

We describe the physical characteristics and ilmeatof sleeping trees selected by the
troop, and examine this selection based on thentaim hypotheses available in the literature.
Following the anti-predation hypothesis we predictieat macaques should travel quietly to
their sleeping site and should prefer tall treekjctv may be a strategy to avoid ground
predators (Di Bitetti et al. 2000; Fan & Jiang 20@8 et al. 2006; von Hippel 1998).
Moreover they should prefer trees with an open argve. low proportion of leaf cover),

through which they can easily see the approachimds arboreal predator, and they should
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avoid trees supporting lianas which can allow adater to climb and access the sleeping
places. In addition, we expected a regular chamgleeir sleeping sites to prevent a predator
from learning about reuse of sleeping sites. Lastly expected macaques to choose trees in
particular locations making the site safer, suclmear a river as shown in several species of
primates, including pigtailed macaques (Matsudal.e2008; Matsuda et al. 2011). Following
the MCPF hypothesis, we predicted that the sleegiteg, as central places, should be close
to the last or first feeding tree of the day to imize travel costs. In addition to these
predictions, we expected pigtailed macaques, likstrdiurnal primates (Anderson 2000), to
model the variation in the length of their dailytiaities based on the variation in the
photoperiod.

Methods
Study site

This study was conducted at Khao Yai National R&KNP; 2,168 km?; 14° 05'-
15'N, 101° 05'-50'E). The study site is locateduadbthe park Visitor Center, an area of
seasonally wet evergreen forest (Forest Restor&esearch Unit 2000) at 700-800 m ASL
and including a ranger station and various todasitlities. The climate is monsoonal with a
wet season (from May to October) and a relativaly season divided into a cool (from
November to February) and a hot (from March to Bpperiod. The mean monthly
temperature ranges from 19°C (December, Januargft€ (March, April) and the annual
precipitation averages 2,504 mm with monthly avesagf 69 mm in the dry season and 353
mm in the wet season (2006-2009).

Among the few predator species present on theyssite, the clouded leopard
(Neofelis nebulogaa nocturnal arboreal cat, and pythoRgthon reticulatusandP. molurug
pose the major threats (Khamcha & Sukumal 2009hdhg are diurnal, but macaques are
extremely vigilant to predators while in low forestata during day time and ready to climb
into the trees in case of danger. Encounters wythgms have often been witnessed by the
observer (A.A.) and always elicited macaque mobhieipavior, screaming, shaking of
branches and jumping fast and close to the snaleelA unpublished data). Davies (1990)
reported the presence of a clouded leopard in a KYigtailed macaque sleeping site. The
predator’s reaction to the observer’'s approach ntam@spicuous and induced alarm calls by

the macaques. The terrestrial Asian golden [Eali§ temminck)i, and birds of prey such as
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the mountain hawk eagl&pizaetus nipalengignd crested serpent eagl&pi(ornis cheeln
are less likely to represent a threat (Fam & Nijr@@41); birds of prey pose a threat mainly

during the day.

Study group

The study troop (HQ troop) included 32 to 39 indials: 2 to 3 adult males, 12 to 13
adult females, 17 to 20 juveniles and 1 to 3 suldtadales. Their diet varied according to
season. During the rainy season they mainly atiésf(61% of 1,012 feeding observations
compared to 22% of 843 feeding observations dutiegdry season). During the dry season
they mainly ate human food (44% compared to 12%ainy season). Human food was
available year-round: the macaques either stdi®m houses or trash cans, or begged from
tourists. They completed their diet with flowergnereproductive plant parts, invertebrates,

small vertebrates and fungi (Chapter 2 and 3).

Data collection

In this paper, we used the following terminologgteeping tregis the tree in which
macaques stayed overnighsjéeping sitéis the location of sleeping trees in the homeggn
“sleeping placéis the location of an individual in a sleeping tregré-sleep behavior
summarizes the behavioral pattern associated Wwéhchoice of sleeping trees and sleeping
places; Shared sleeping tréeindicates a sleeping tree simultaneously usedsbéyeral
individuals (Anderson 1984; Reichard 199&)letping posturerefers to the body orientation
at the sleeping placee Q. sitting, lying). Finally, preferred sleeping sittsare the sites
frequently selected (each one > 10% of nights).

A.A. collected all field data. She followed the dyutroop for 1029 hours, and for
logistical reasons, divided the study in three quisi (April - July 2009 [Period 1]: 370 h;
December 2009 - March 2010 [Period 2]: 288 h; AuguSctober 2010 [Period 3]: 371 h).
As the study was conducted in parallel with a stoflyseed dispersal, she followed the
macaques for one day every two or three days, faaverage of 7.25 days per month, and
covering 19 days on average per month. She ustallyd the macaques 15 to 30 minutes
before dawn, and then followed them all day um@yt reached the next sleeping site. As she

did not follow them on two consecutive days, shald¢aot see them entering a site on a
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given evening and exiting this same site on thet megrning. Every 30 minutes, A.A.
estimated the height of all visible macaques. Qoocadly, the troop used two adjacent
sleeping sites but we considered only the sleegitegsheltering the biggest proportion of the
troop in the analysis. A.A. noted the troop’s lemas based on GPS coordinates
automatically recorded every 30 minutes to maxinmzependence between two consecutive
points (Phoonjampa et al. 2010), for an averag&8@f GPS positions per month. The GPS
errors ranged from 6 to 10 m. We calculated monkidgne range sizes using 95% kernels
and the core areas using 50% kernels with ArcViea IESRI). The GPS coordinates of
sleeping sites and all fruiting trees were usedh&asure the distance between the sleeping
sites and the last or first feeding tree of the. day

A.A. collectedad libitumdata on the behavior of each individual preserat gteeping
site, its sleeping place and posture (sitting,dyetc) in the tree and on the branches. She
noted the time of exit from and/or entry into theeping site for each night. For each sleeping
site, A.A. recorded the species, the diameter eagirheight (DBH), whether the tree had a
lower or equal height to the canopy or whetherasvemergent. She also estimated its total
height (to the nearest meter up to 10 m and théhetmearest 2 m), along with the height of
the lowest branches and the crown diameter, andlsloenoted the sleeping place of every
visible macaque within the tree. Trees of DBHO cm were considered as large.

We defined a 5-point scale index to quantify theportion of leaf and resulting
visibility of the ground and of the sky from the cagues’ locations. A.A. scored visibility
from O (very high visibility, no leaf coverage), 1o(high visibility, 1- 25 % leaf coverage), 2
(medium visibility, 26-50 % leaf coverage), 3 (lawsibility, 51-75 % leaf coverage), and 4
(no visibility, 76-100 % leaf coverage). She alsted the presence/absence of lianas on the
tree trunks and the distance between each slesfim@nd the river and human settlements.
In addition, she established across the entire quecahome range twelve north—south
botanical transects, twenty meters wide and apprataly 110 meters apart, covering 27 ha,
l.e. approximately 20% of the study area (Mueller-Domb& Ellenberg 1974; Struhsaker
1975). A.A. measured, tagged, mapped, and idedittbespecies all trees of DBH 10 cm.
This enabled us to evaluate the spatial distribuaoad abundance of plant species in the
troop’s home rangeWe conducted phenology on a sample of about 1% tpee species,
located in the nearby long-term biodiversity pBtdckelman 1998).
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Data analysis

We performed 2-tailed statistical tests with Stai#s 9.0 @ level: 0.05). To analyze
the reuse of sleeping sites we counted the nunflienes the same sleeping site was used for
two consecutive nights. We calculated the binompirabability of having the same proportion
of trees with a DBH> 40 cm (.e. large trees) among the sleeping and non-sleepéa&s t
across the home range, and, for each month, wellas@d the binomial probabilities of
having the same number of nights spent in the amea as expected according to the relative
sizes of the core and peripheral areas. We pertbandann—WhitneyJ-test to compare the
height of the macaques’ average place in the cabepyeen days and nights. To test the
multiple central place foraging (MCPF) theory (Chegm et al.1989), we compared, for each
event of sleeping site selection, the distance éetwthe feeding tree (last and/or first of the
day) and (1) the chosen sleeping site. pbserved distance), (2) the nearest sleepingiste (
distance if they use a MCPF strategy or MCPF 1)) tt§@ nearest preferred (selected more
than 10% of nights) sleeping siiee( distance if they use a modified MCPF strategy @R\#

2), and (4) the mean sleeping site, calculated tfmrarithmetic mean of the GPS coordinates
of all sleeping sitesi.€. estimated distance if they use a central placagiog strategy or
CPF). We conducted pair-wise tests using Wilcoxgnexd rank tests to analyze the distances
between the sleeping and feeding sites for eacitegly tested (Observeds MCPF 1,
Observedvs MCPF 2; Observeds CPF). Finally, we performed Spearman correlatitns
relate the times of entry in and exit from sleepsitgs with the times of sunset and sunrise.
The present study was approved by the Departmeiatibnal Parks, Wildlife, and Plant
Conservation, Bangkok, conducted in full complianveigh the laws of the Kingdom of
Thailand, and adhered to the American Society ah&wologists (ASP) Principles for the
Ethical Treatment of Non-Human Primates.

Results

We observed the macaques at sleeping sites 1®4,timcluding 70 occasions when
they were leaving the site in the morning.(77% of days macaques were followed) and 84
when they were entering the site in the eveniey43% of days).
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Characteristics of sleeping sites and sleeping trees

The macaques used sixteen sleeping sites durngtdlaly period (Figure 4.1), but the
accumulation curve of the number of these sleepitag over the study period did not reach
an asymptote (Figure 4.2). The macaques reusete@rusleeping sites (range: 2-36 times)
with a clear preference for four of them used farenthan two thirds (71%) of the total
number of nights. Other troops of pigtailed macaqused at least two of the study troop’s
sleeping sites, but never simultaneously. Of the d€casions where the sleeping site of the
previous night was known, the macaques used the séaping site 22 times (22%). Use on
two consecutive nights occurred 19 times and faursecutive nights occurred only once.
The consecutive reuses concerned mainly the foefeped sleeping sites (96% of

consecutive nights).

KYNP

0
—
Home range Frequency of use of sleeping sites
mm Core &y~ River e 15
— Peripheral area === Road A 6-10
O House * >1

Figure 4.1. Yearly home range (core area (50% kernel) and peripheral area (95% kernel)), and
location and frequency of use of sleeping sites.
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18

Cumulative number of sleeping sites
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Figure 4.2. Cumulative number of new sleeping sites used by the HQ troop according to the
number of nights observed.

Each sleeping site included one to eight idertiéeeping trees (mean = 4.3), for a
total of 47 sleeping trees. Every sleeping tree sfeged between troop members. The only
purpose of the sleeping trees was overnight stegepe for two trees (&icus virenstree
(Moraceae) and aAntiaris toxicariatree (Moraceae)) which fruited repeatedly overdtuely
and which macaques used for sleeping and feedinggline same night. Among the 229 tree
species measured on the botanical transects, tb@gues used 29 species as sleeping trees.

The physical characteristics of sleeping treesesponded to a general pattern (Table
4.1). The trees of DBEt 40 cm were more often used than expected (Binopnaddability: P
< 0.001). The crowns of sleeping trees were madtiimilar height as adjacent treds£ 47,
83%), and connected to their branchds=(47, 92%). Few sleeping trees supported lianas on
their trunks N = 47, 13%). Above the animals, the leaves providederate covet.g. 26-50
%). The visibility of the animals from the groundsvhigh (e. 1-25 %).The observer often
saw the macaques using the canopy or lianas congeitte adjacent trees to access the

sleeping tree but rarely going there directly fritna trunk base.

- 137 -



hapter 4 — Sleeping site selection and pre-sleep behavior in wild pigtailed macaques

(

o

T

£

iy

g sols buidaa|s pasnay «
2 (0°0€-0°8) (000 (0%-00)(0G2-02) (0'G52-02) (0°GE-0¢T)(0'6ET-€€T)  (8-T)  (sbuel da1)
(0]

mo €v+8'GT TTIFET TT¥C'C 9V+€0T 6V+6'8 61V*¥6'0C L'9¢¥.'GS Ly [eloL
=]

= 0'0¥0°0 L'TF0°C 9'0¥€'8 OV¥e¢T T'Z¥€9 GT¥L'LT TOT¥E6E € *GT

[P

lm L v+E'ST OT+8'T OT+G'¢ L'9+€'GT G'¢+¥8'9 L'G¥G'TZ 0'82¢+E'99 14 4

(&=

b= 0'T¥0'9T 0'T¥0'C ZT¥€'C 00¥0CT GT¥€¥ <C'T¥CEC G'6¥5999 € «TT
M 0'0¥0°¢CT 0'0¥0'T 0'0¥0'¢ 0'0¥0°'0¢ 00¥0'S 00¥08T 0°0¥0°09 T *60
m L'T+7CT G'0F70 G0¥9'T 6'T+¥r6 E€T¥8E 6'T¥89T O00T¥0'29 g *80
m/ LYFOVT 0'0¥0'T 7’'0¥8'¢ G2¥9'8 8V¥88 8VFZ'8T €SIV 'LV g x90
+

g T'2¥G'GT L'0¥G°0 7’'T¥0'T 0'0F0°'0T L'0¥G'S 8CF¥08T 8VIF¥schy Z *G0
£ €¢Fe9T 8'0¥8:0 V'1T+0'¢ v'/+¥06 TCZ+L'TT 8€¥L¢C <C'LC+L'8E 9 *0
”m 8'2¥0°0¢ 00+FTT OT+8'T <Z'¢+¥8'8 ¢€E€+€CT 80+¥09C €£€C+T'TS 1% x€0
m €9+9'LT TT+7'T TT+¥T'C 8€E+¥'8 <2'/+¥8°¢C1 L'/¥STZ <2'Gc+0'6V 8 xC0
m 8°€+89T 0'T¥8¢ 0'T+8¢ L EF0ET <CV+.'6 9EFOEC LVEFEEH6 9 +T0
=

= (w) aoeld punoib ayr  19A02 (W) ~(w) youelq soal] al

=y Bbuidaals Jo ybioH wody AjIqISIA - JeaT Jalouwrelp - 1samol - (w)IybieH  (Wo) HEA umouy oNalls Buides|s
3

o

Z g

| =

- 138 -



Chapter 4 — Sleeping site selection and pre-sleep behavior in wild pigtailed macaques

Spatial distribution of sleeping sites

We calculated monthly home range size based o timzation GPS points (mean =
182.3 + 27.1 GPS points per month; range: 119-20&r the study period, the monthly
home range varied from 6 ha (January 2010) to 78katember 2010) and the size of the
core area from less than 1 ha (January 2010) twal(September 2010). For 10 of 12 months,
the accumulation curve of the home range size szhah asymptote.

The proportion of nights spent in the core areaedagreatly according to months,
from 0% (December, January and February 2010) 6861QJune 2009). For eight months,
this proportion was significantly higher than thegected number of nights spent in this zone

(Binomial probabilities; Figure 4.3).
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Figure 4.3. Number of nights macaques were observed sleeping in the core area compared with
the numbers expected in this area according to the relative sizes of the core area and the
peripheral area (Binomial probabilities). *** P < 0.001; ** P < 0.005

Twelve of the 16 sleeping sites were on the rivamko(75%) and four (25%) at an
average distance of 88.8 + 48.7 m from the rivéx. & the 16 sleeping sites (38%) were
contiguous with human settlements and ten (63%@ wéelan average distance of 62.9 + 32.2
m from human settlements. The sleeping site chbgehe troop was an average distance of
146.7 £ 167.9 mN = 74, range: 0-647 m) from the last feeding trethe evening, and 150.4
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+113.0 m from the first feeding tree of the foliogg morning N = 63, range: 0-427 m). The
macaques chose the nearest sleeping site to tifesaseeding tree on 57 nights (42%) and
the nearest sleeping site among the preferred islpejites on 62 nights (45%). The travel
distance from the feeding tree to the chosen sigegite was about 25% less than to the mean
sleeping site (148.4 ws202.2 m; Wilcoxon signed ranks teZt= 6.26,N = 137,P < 0.001)
and almost double the distance to the nearestistpete (148.4 nvs 83.7 m; Wilcoxon
signed ranks tesZz = 7.72,N = 137,P < 0.001) (Figure 4.4). However, there was no
significant difference between the distance from fiseding tree to the chosen sleeping site
and the distance to the nearest and preferredistesjes (Wilcoxon signed ranks tegt=
1.96,N = 137,P = 0.050).
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Figure 4.4. Mean (+ SE) distances between the last/first feeding tree of the day and the
observed sleeping site (Observed), the nearest sleeping site (MCPF 1), the nearest preferred
sleeping site (MCPF 2), and the mean sleeping site (CPF). *** P < 0.001

Sleeping place and posture

Pigtailed macaques always slept in a sitting pestan intermediate and terminal
branches, never near the trunk, and usually imtige and upper part of the trees. They often
shared sleeping places forming huddling groupsudinly two to five individuals, usually one
or several females and her/their infants and jugeniMacaques stayed higher during the
night than during the day (mean = 2.2 £ 1.2 (das6.0 = 3.1 (night)).
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Times of entry to and exit from sleeping sites

The study troop members did not enter or exieaghg site simultaneously but their
average time for leaving was 06h05 * 18 nih<43, range: 05h30-07h15), and for entering
18h16 = 27 minN = 84, range: 17h30-19h00). Thus, macaques speavemage of 11h55 +
43 min (N = 127, range: 10h49-12h37) in their sleeping sitée times of entry and exit from
sleeping sites were highly correlated with the 8m& sunset and sunrise (Spearman
correlation: sunrisers = 0.73,N = 42,P < 0.001; sunsets = 0.74,N = 84,P < 0.001).The
troop adult males were often the first memberg&vé the sleeping trees in the morning.

Encounters with neighboring troops

Encounters with other troops of pigtailed macaqguethe home range occurred nine
times during the 1029 hours of observation, incigdiwice in the core area, six times near
the edge and once in-between. These encountersalveags agonistic, and included direct

attacks.

Discussion

During the study period, pigtailed macaques usedpshg sites mainly located in the
core of their home range, close to the river andidman settlements. The troop clearly
preferred four sleeping sites which they used ¥egguently, although they usually avoided
sleeping in the same site on consecutive nightgai?d macaques preferred trees bigger than
the average, but not necessarily taller, and fal/taege crowns, allowing greater visibility to
the ground, and which were connected to the adjamaropy. They often chose the nearest
site to the last or first feeding tree of the da@he time the troop entered and exited the
sleeping site was significantly correlated with thme of sunset and sunrise. These results
suggest that sleeping site selection by northegtajed macaques follows the predictions of

both hypotheses of predation avoidance and MCPF.

- 141 -



Chapter 4 — Sleeping site selection and pre-sleep behavior in wild pigtailed macaques

Predation

The tendency for pigtailed macaques to use thengt@r low forest strata during the
day (Albert, unpublished data) might have led tmmscexpectation that they would behave
similarly during the night. That they sleep higirethe canopy indicates different constraints
between days and nights, likely explained by piedaavoidance as suggested by others
(Chapman 1989; Day & Elwood 1999; Di Bitetti et2000; Fan & Jiang 2008; Li et al. 2006;
Liu & Zhao 2004; Phoonjampa et al. 2010; Reicha®®8 Tenaza & Tilson 1985; von
Hippel 1998).

The study troop preference for sleeping trees witlerown of equal height and
connected to the adjacent trees also suggeststpredaidance, as it provides more escape
routes than emergent trees. This strategy is somtewhusual but has been reported
previously for black crested gibbons (Fan & JiaG§8& and proboscis monkeys (Matsuda et
al. 2008).

The troop adult males were often the first memberngave the sleeping trees in the
morning, a pattern Anderson and McGrew (1984) prged as lowering the likelihood of
attack to the most vulnerable members of the traepfemales or juveniles, by a predator
waiting near the sleeping trees. As predicted, $éaeping trees had lianas on their trunks,
making it more difficult for a predator to climb Gmaccess the sleeping places, which again
could be considered as an anti-predator strateggaifjampa et al. 2010; Tenaza & Tilson
1985).

The choice of sleeping sites located near ther n¥epuzzling as the study troop
members rarely drank from the river. This choiceymeflect an anti-predator strategy, as
suggested for proboscis monkeys (Matsuda et aB;2d@tsuda et al. 2011). The presence of
the river along one side of the sleeping site desge the area of ground needing monitoring
and also lowers the probability of being surpribgd predator approaching from the ground.

The continuous increase in number of sleeping siteh the duration of the study
suggests that macaques changed regularly theitidacand sometimes abandon some
sleeping sites to select new ones. This could dserthe probability that predators predict the
location of sleeping sites (Day & Elwood 1999; Radiang 2008; Heymann 1995; Li et al.
2006; Phoonjampa et al. 2010; Reichard 1998; Sreithal. 2007). This pattern of
diversification and reuse of sleeping sites mayectfa trade-off between two exclusive
security strategies. Macaques would tend to chaegelarly their sleeping sites to decrease
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detection by predators, but would prefer to stayaifew sites they know well enough to
escape safely in case of predator attack (Chapd@®; Day & Elwood 1999; Di Bitetti et al.
2000). The low number of sleeping trees found is ttoop (47 sleeping trees used in 154
nights) compared to other primate species livinghi@ same areae Q. Hylobates pileatus
used 170 sleeping trees in 113 nights (Phoonjarhph 2010)) may be explained in several
ways. First the number of macaque sleeping treghtnfiave been underestimated because
they were difficult to see in the dark, and onlg ttentified trees were analyzed for the study.
Second the higher probability of reuse of somepshgeptrees by macaques may point to a
different probability of predation for each speci€sbbons, usually living farther from the
human settlements, may be more subject to predatidrihus may need to change more often
the location of their sleeping trees.

Finally, the preference for crowns offering greatesibility of the ground highlights
the need for macaques to monitor the surroundirfgewb Thus predation from the ground
seems either to still exist or to have disappe&wedecently to have changed the macaques’
anti-predator strategies. The preference for openwrts has already been described in
Macaca fascicularigKurland 1973) andMacaca arctoidegEstrada and Estrada 1976). The

authors considered this as an adaptive choicegirgybetter visibility of potential predators.

Food resources

Sleeping sites tended to be equidistant from dlse feeding tree of the day and from
the first feeding tree of the next morning. Follagiour predictions, the ranging pattern of the
HQ troop seems to correspond to the definitiorhefrhultiple central place foraging (MCPF)
strategy suggested by Chapmenal. (1989). Indeed, pigtailed macaques describe daily
round-trips between a limited number of centracptaand other points of their home range
corresponding mainly to food sources (Caldecott6)9Bowever, we also observed a slight
difference between the strategy of our troop amdpedictions from the MCPF hypothesis:
macaques chose the nearest sleeping site to ttierdageeding tree (as suggested by the
MCPF hypothesis), but mainly if this nearest sitesvone of their preferred sleeping sites
(differing from the MCPF hypothesis). This could #drade-off between the need to have
several sleeping sites decreasing the travel togeeding sites and the need to use sleeping
sites with characteristics pertinent to protectaainst predators. Their choice would be

therefore maximizing security while minimizing egetic costs.
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The lack of an asymptote for the accumulation euo¥ sleeping sites during the
observation period indicates that the maximum nurobavailable sleeping sites has not yet
been reached and we can expect the number of stpsfies to increase with additional
observations. Indeed the seasonal variation irhthmae range location, probably caused by
variation in resource distribution (Chapter 3), Idonause variation in the use of sleeping
sites.

Beyond the anti-predator strategy, the choicehef Yisitor Center zone as sleeping
sites area could be explained by the presence pfahufood. During the dry season,
macaques face the scarcity of fruiting trees (Gévap}). They have to compensate with other
food resources (fallback food) such as leaves, Usng invertebrates. The HQ troop has

shown a preference for human food as fallback {@thpter 2 and 3).

Photoperiod

The daily activities of the study troop seemed fodlow the variation in the
photoperiod. The times of entry and exit from slegsites are highly correlated with sunset
and sunrise. The same correlation pattern is pt@senost diurnal primate species (reviewed
by Anderson 2000), however with some inter-specifariation in the correspondence
between the time of entry in the sleeping site thredtime of sunseSaguinus fuscicolliand
S. mystaxenter their sleeping sites before sunset, betviédd6 and 16h12 (Smith et al.
2007), whileHylobates pileatusndH. lar enter theirs even much earlier, between 11h00 and
17h00 (Phoonjampa et al. 2010; Reichard 1998).vEhniation in the time animal entered the
sleeping site corresponds to the variation in dadyivity patterns probably resulting from
different foraging strategies (Anderson 2000). Thigtailed macaques seem to exploit their

feeding resources as long as possible before goisigep.

Three other factors influencing the selection adeping sites have already been
described in the literature: interactions with quewsfics, parasite avoidance and need for
comfort. First, most primate species are highlyiaand prefer to stay in physical or at least
visual contact at sleeping sites (Anderson 1998)wéver, they might also try to avoid
neighboring conspecific groups (Anderson 1998; et et al. 2000; Heymann 1995; Li et
al. 2006; Phoonjampa et al. 2010; Reichard 1998thSet al. 2007; von Hippel 1998). The

troop preference for sleeping trees with large c®wnay also reflect a need for group
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cohesion during the night. The troop’s frequentichof sleeping sites within the home range
core area may decrease the probability of agongstaounters with other troops at sleeping
sites.

Second, in yellow baboons for example, the lowseeinequency of sleeping sites also
seen in our troop has been linked to a behavitnatiegy of parasite avoidance (Hausfater and
Maede 1982). Moreover, the troop’s usual avoidasfcthe ground below the sleeping trees
for entry or exit might decrease the probabilityeoldoparasite re-infestation by contact with
their own feces within or near the sleeping sitelyOa study focusing on parasite load
estimation would enable us to confirm the potergrasence of a parasite avoidance strategy.

Third, similar to many primate species and all aspes and baboons, pigtailed
macaques form clusters at sleeping sites (Ande2806A). Some authors have suggested these
clusters could function as part of an anti-predaivategy or represent an adaptation for
reducing heat loss during the night (Anderson 19®&dlerson 2000; Fan & Jiang 2008;
Zhang 1995). Our data did not allow testing of tberelation between cluster formation and

temperature. Further studies are needed to spabifiest these various hypotheses.

This study concerns only a single troop of pigiimacaques, whose home range is
characterized by a close proximity to human se#l@im The study of other troops, living in
more remote areas, wile needed to obtain a more comprehensive undenstpatisleeping site

selection and associated behaviorsMarcaca leonina
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In the previous chapter, we showed that northegtaied macaques use few sleeping
sites, defecate when they wake up and that alptraembers sleep concentrated in a small
area. Thus we think that they must create a highd siensity below the sleeping trees. This
may be harmful for the seed as it decreases tiwevaliprobability of many seed species. But
this may be beneficial for the ecosystem as it taairthe total biodiversity (Stoner & Henry
2008) by limiting the germination of abundant sesgskcies (through high interspecific
competition within defecation site) and consequeleihving free spaces for the establishment
of rarer species. Moreover, this pattern may bevshia other effective seed dispersers in the
park €.g gibbons or hornbills), so as harmful for seedwdty be, it does not make pigtailed

macaques less effective than others.

In the next chapter, to really understand theimtigbution to the ecosystem as seed
dispersers, we will examine what role play macaguesseed dispersal assemblage and what

makes the service they provide necessary.
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CHAPTER 5

The role of Macaca spp. (Primates: Cercopithecidae) in

seed dispersal networks
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Résumé

Pour comprendre les conséquences de I'extinctimmedespéce animale sur la survie
d’'une espece végétale, il est nécessaire d'étudseredondances fonctionnelles entre les
disperseurs de graines, c’est-a-dire le chevauchiedes régimes alimentaires ainsi que la
redondance dans les patterns et I'efficacité d#idpersion des graines. Dans la région indo-
malaise, nous observons des réseaux de dispemeugsaines incluant généralement des
macaques, d’autres especes de primates, des cddmobulbuls, des pigeons, des civettes et
des chauves-souris. Les calaos, les gibbons ebubmils sont des disperseurs de graines
efficaces et se complémentent dans leurs servieedigpersion. Le rdle des espéces de
macaques a souvent été négligé dans les étudesipsur les réseaux de disperseurs, malgré
leur potentielle importance dans la régénératianfdeéts. Cependant, beaucoup d’espéeces de
macaques pourraient étre des disperseurs efficacas.plupart sont frugivores et,
contrairement aux autres disperseurs, peuvent maiheg fruits de tous types, couleurs,
tailles, contenant des graines de toutes taillE&ssgmtant ou non une protection, et venant de
plantes de toutes formes. lls recrachent, défeqetetéposent les graines. Leur long temps de
rétention intestinale, leurs longs trajets joumali et leurs grands domaines vitaux
augmentent la probabilité qu’ils dispersent lesrgrs aussi loin, sinon plus, que les autres
frugivores. De plus, contrairement aux autres dgpes, restreints a la canopée ou au sol,
leur semi-terrestrialité leur donne acceés a tolgestrates de la forét. Finalement, plus que de
simple disperseurs, les macaques peuvent jouedblanimportant dans la régénération des
foréts car ils traversent tous les types de fosétsgmpris les foréts dégradées, contrairement
a la plupart des frugivores incapables d'utilises ktrouées dans la forét ou les habitats
ouverts. En conclusion, les macaques fournissentammplément significatif en termes de
quantité dispersée et sont parfois les seuls fongss/capables de disperser les graines larges
ou protégees de certaines especes de plantessulemt ainsi apporter a ces especes un

service de dispersion vital.

Mots-clés : Macaque ; redondance fonctionnelle ; régénératienla forét; région indo-

malaise.
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Abstract

To understand the consequences of an animal @gtinon the survival of a plant
species, it is necessary to study the functiondlimdancy between seed dispersers, both diet
overlap and redundancy in seed dispersal pattardseffectiveness. In the Indo-Malayan
region, we observe seed dispersal networks indjudiracaques, other primate species,
hornbills, bulbuls, fruit pigeons, civets, and baisrnbills, gibbons, and bulbuls are effective
seed dispersers and complement each other indlsgiersal services. The role bfacaca
species has been overlooked in seed dispersal rietstadies despite their potential
importance in forest regeneration. However, mdfacacaspecies could be effective seed
dispersers. Most are frugivorous and, unlike otbepersers, can eat every fruit type,
regardless of colour, fruit size, seed size, presan lack of seed protection, and plant life
form. They spit out, swallow, and drop seeds. Thogig gut retention time, long daily travels,
and large home ranges increase the probabilitythiegtdisperse seeds as far as, if not farther
than, other frugivores. Moreover, unlike other édigers often restricted to canopy or ground,
their semi-terrestriality gives them access totéraf every forest strata. Finally, more than
simply dispersing seeddjacacaspecies may play an important role in forest regaion
because they cross both deforested and every fgpestunlike most other frugivores which
are unable to use gaps or open habitats. In caonlusnacaques provide a significant
complement in terms of dispersal quantity and ametimes the only frugivores able to
disperse the large or protected seeds of some gpasies and may thus bring those species a

vital dispersal service.

Key words Macaque; functional redundancy; forest regenanatimdo-Malayan region.
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Introduction

Plants and animals depend on each other for shewival (Andresen 1999; Chapman
& Chapman 1995). On the one hand, seed disperaatriscial process for plant reproduction.
By moving far from the parent plant, the seeds aavid competition and predation, and can
reach suitable sites for germination and estabkstingConnell 1971; Janzen 1970). On the
other hand, frugivores benefit from this relation dcquiring energy through the sugar-rich
flesh of fruits. By removing 70-80 % of seeds proghl by canopy and sub-canopy trees,
vertebrates represent the most important seed rdapagents in Paleotropical forests
(Chapman & Chapman 1999; Howe & Smallwood 1982).

The majority of fruit species are eaten by sevédalds of frugivores, such as
mammals and birds (Coates-Estrada & Estrada 1988jifrg & Williams 1990; Kitamura et
al. 2002; Nathan & Muller-Landau 2000). The composi of seed disperser assemblages
varies according to fruit structure, size, and aante, inducing a possible change over space
and time in species which disperse a given plaatisp (Herrera 1985). Seed shadoies (
the spatial distribution of seeds dispersed fromirgyle plant (Nathan & Muller-Landau
2000)) are thus determined by the combined effettall dispersal agents (Jordano et al.
2007; Martinez et al. 2008; Nathan & Muller-Land2000; Spiegel & Nathan 2007). A
common mistake is thinking that animals with an ramping diet in fruit species could
replace each other in terms of seed dispersal & aihthem was brought to extinction.
However, before concluding such a redundancy il skepersal services, one has to look
both at overlaps in consumed species and at the dispersal effectiveness and patterns
generated by each seed disperser for every plaaiespi.e. functional redundancy; Brodie
2007; Clark et al. 2001; Loiselle et al. 2007; Mo&ey & Brockelman 2011).

Many factors influence these patterns and varemimal species — characterized by
their specific diets, habitat use, ranging behayidocomotion types, and activities — may
induce various seed dispersal patterns, the suwhmh may increase seed dispersal quality
of a plant species (Brodie 2007; Brodie et al. 20®&hupp et al. 2010; Spiegel & Nathan
2007).

To understand the consequences of an animal &stingn a plant species survival, it
Is mandatory to study the composition of frugivassemblages at fruiting plants as well as to
determine each disperser species respective eofg Brodie et al. 2009; Lambert 1999;
McConkey & Brockelman 2011; Poulsen et al. 2002;ii8a& Kanwatanakid-Savini 2011)
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and even to understand the structure of mutualmstievorks (Fortuna & Bascompte 2006).
Eventually, the knowledge of the whole process riscial for tropical forest protection
because one species’ disappearance could triggecadiag effects leading to the

disappearance of many species — vegetal as walliasls.

In this review, we first introduce the importanceseed dispersal networks in the
survival of plant populations. We then focus on Hdacacaspecies, could play a crucial role
in seed dispersers’ assemblages using a revievheofavailable information oMacaca
species. Indeed this genus was often overlookexkéd dispersal network studies, whereas
most findings highlight their potential importaniceforest regeneration (Corlett 2009). We
predicted that their eco-ethological charactesstinainly their diet, seed processing
techniques, and ranging behavior should make themmgortant as other dispersing

frugivores usually studied in seed dispersers’rabsmges.

Seed dispersal networks
Mutualistic networks

A true mutualistic interaction between two speches long been considered as
existing only when both received a benefit fromd amere strictly dependent on, this
interaction (Stoner & Henry 2008). However, todaig iincreasingly accepted that mutualism
may involve real networksf interacting species (Bascompte & Jordano 20@&cBmpte et
al. 2003; Brodie 2007; Jordano et al. 2003) ans ftequent to observe interaction networks
in which a particular plant species relies on sdmegivores for seed dispersal, whereas these
frugivores depend on other plant species duringpgsrof fruit scarcity (Kaplin et al. 1998).
Given these complex networks, it is difficult teedict the effects that the disappearance of
one particular species could produce on the othteractants. Consequently, understanding
the functioning of these networks is necessarytferestablishment of adequate conservation
plans, which is all the more important that the mtenance of these interactions and of the
associated species is critical for the regeneratfdropical forests (Chapman 1995; Chapman
& Chapman 1996; Chapman et al. 1992b; Loiselle let2807). Understanding these

networks’ function requires the study of each pgitint eco-ethological characteristics,
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mainly focusing on their foraging behavior, which the “main mechanism driving seed
dispersal”’ (Jordano & Godoy 2002; p.315).

Seed size: large seeds, large dispersers

Ideally, seeds dispersed into degraded areas cgshoclude early-, mid-, and late-
successional species. While growing, pioneer spesigch as shrubs, quickly form a shady
and humid environment essential to the survival grawth of mid- and late-successional
species. However, Duncan and Chapman (1999) shtvee®9.9% of seeds recovered in a
deforested agricultural area were early-succeskgpecies already present and fruiting on
the site. This seems logical since these specitn giroduce larger numbers of seeds
compared with mid- and late-successional speciemncel the most important role of
frugivores appears: the seed dispersal of mid- latedsuccessional species, mainly large-
seeded species characteristic of the ultimate sthgaccession (Kaplin & Moermond 1998;
Parrotta et al. 1997). Large-seeded species ater lweimpetitors than small-seeded species as
they have better survival probabilities and are eanoompetent in establishment (Murali
1997). But these advantages cannot counteract dtie tiiat they are poorer colonizers
(Dominy & Duncan 2005) as their dispersal can dmdyrealized by a few groups of large
frugivores (Corlett 1998; Kitamura et al. 2002)¢lswas large birds and mammals. Indeed, the
maximum size of seeds dispersed by any animal epa@pends on the size of its mouth
(Forest Restoration Research Unit 2006) and sohensize of its body. Consequently the
number of frugivore species that serves a givemtpipecies declines with seed size
(Chapman et al. 1992a; Kitamura et al. 2002; P&rean Roosmalen 2002). Large-seeded
species are thus more threatened than others yasiépend on a restricted number of seed
dispersers thought to be vulnerable to extinctolue to selective hunting (Chapman et al.
2009; Kitamura et al. 2002) and to habitat lossl@gradation (Corlett 1998; Kitamura et al.
2002; Melo et al. 2010). The disappearance of thepersers could bring large-seeded
species to extinction because of the low probabditfinding seed dispersers with a similar
role.

Many studies highlight the role of birds and batsseed dispersal (Fleming &
Heithaus 1981; Herrera 1984; Medellin & Gaona 1988} other targeted primates as
essential within dispersers’ assemblages (Dew &gWril998; Garber & Lambert 1998;
Lambert & Chapman 2005; Poulsen et al. 2001; Wrangtet al. 1994). Specifically,

- 156 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

primates are particularly apt at dispersing largeded or hard-husked fruit species, which
may be inaccessible to smaller taxa, or may be tamrocess (Chapman & Russo 2007;
Kaplin & Lambert 2002).

Macaques: overlooked associates

Tropical forests of the Indo-Malayan region sharany of the same families and
genera of animals (Corlett 1998). Thus, it is comnto observe networks of potentially
effective seed dispersers, including macaques -ooseveral species —, some other primate
species — mainly arboreal onesg. langurs, gibbons) —, hornbills, bulbuls, fruit eans,
civets, and bats (Boon & Corlett 1989; Borries le2802; Corlett 1998; Ganesh & Davidar
2005; Lucas & Corlett 1998; McConkey & Brockelmail2; Savini & Kanwatanakid-Savini
2011; Srivastava 2006). Other frugivores, suchleghants, deers, bovids, tapirs, and bears
may complete the network, depending on the areao Macaca species are exceptions
according to the habitat and climate where theg. M. fuscatalives in Japanese temperate
forests where the climate varies with altitude freob-tropical, warm temperate to cool
temperate, tending to sub-alpimd. fuscatais thus part of a different seed dispersal network
only made by birds (mainly thrushes, pigeons anibutsi (Noma & Yumoto 1997)), and
deers Cervus nipporyakushimag M. sylvanusthe only species outside Tropical Asia, lives
in the Atlas Mountains of Algeria and Morocco walsmall population of unknown origin in
Gibraltar. It is also the only macaque speciesethighly herbivorous and granivorous and its
role as seed disperser could thus be negligiblett#ar speciedlacaca thibetanahas much
of its range outside the Indo-Malayan region ang bgfound in tropical, subtropical as well
as temperate forests.

Some disperser species’ networks have been Isttigied than others. Seed dispersal
by hornbills (Kitamura et al. 2006; Kitamura et 2D04a; Kitamura et al. 2002), gibbons
(Brodie et al. 2009; Kitamura et al. 2002; Whitioigt1990) and bulbuls (Khamcha 2009;
Kitamura et al. 2002), and the network interactimtween several of them (McConkey &
Brockelman 2011; Savini & Kanwatanakid-Savini 20bhaye been well studied and we know
that beyond being simply effective seed disperatise (Corlett 2002), these taxa may also
complement each other in their dispersal servid&EsCpnkey & Brockelman 2011; Savini &
Kanwatanakid-Savini 2011). Gibbons seem to be peavas they disperse a medium number

of seeds belonging to many plant species, incluénty with hard covers and flesh attached
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to seeds that hornbills are unable to eat (Kanvekidn2000; Kitamura et al. 2004b).
However, due to their small home ranges (Table, @jibbons disperse seeds over a small
area (Savini & Kanwatanakid-Savini 2011). Hornb#ie less frugivorous (Kanwatanakid-
Savini et al. 2009) and disperse less seed spduniesyver a larger area during non-breeding
seasons, and are able to consume dehiscent frautslly ignored by gibbons (Savini &
Kanwatanakid-Savini 2011). Bulbuls seem to be sintib gibbon in that they disperse many
seed species over small areas (Khamcha 2009). Howiey have a very short gut retention
time which decreases the probability of harmfulrification of the ingested seeds and they
forage in the lower to middle strata of the candipamcha 2009). Moreover, contrary to
gibbons and large hornbills, they only disperselssgeded species (Khamcha 2009).

Other species could be essential parts of the desparsal assemblage found in the
Indo-Malayan region. Some herbivores have been shtowprovide effective dispersal
services to plant species with particular requinetsie For instance, munjac#lntiacus
muntjak are the most effective dispersers @roerospondias axillarifAnacardiaceae) seeds
in Khao Yai National Park, Thailand (Brodie et 2009; Chanthorn & Brockelman 2008),
although deers seem to be mostly seed predatorslefCd998). Indian rhinoceros
(Rhinoceros unicorn)s may be the major dispersal agent fdrewia nudiflora
(Euphorbiaceae) seeds, in Chitwan, lowland Nepadrlgt 1998). ElephantsE({ephas
maximu$ could also play a vital role for some plant specilike their African relatives,
Loxodonta africangBabweteera et al. 2007; Chapman et al. 19921 tlBase species still
need to be studied as seed dispersers, along antbass Cervus unicoloy, or gaurs Bos
gaurug. Even some frugivore species have long been avkeld in seed dispersal network
studies, such as bats, due to their nocturnal $iaitmacaques, althoudhacacais one of
the most widespread genera of non-human primates.

Thus, data are lacking and studies on macaquediggersal habits come mainly from
the Khao Yai National Park (Thailandil. leoning, the Yakushima island (Japai.
fuscatg, Singaporel]. fasciculari3 and Hong KongNl. fascicularis M. mulattg, with some
other rare studies from Malaysisl.(fascicularig, Taiwan M. cyclopig, and Western Ghats
(India; M. silenug. However, given their diet, seed processing teghes, and ranging
behavior, manyMacacaspecies could be effective seed dispersers (C@082; McConkey
& Brockelman 2011).
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Table 5.1. Characteristics of various dispersal agents found in the Indo-Malayan region.

Gibbons Hornbills Bulbuls Pigeons Civets Deers Bears Elephants
(14 spp.) (small/large) (11 spp.) (15 spp.) (3 spp.) (1 sp.)
No fruit species 84 71° 118° 62° 56° 46° 13° 9"
Fruit colour Red, black,Red, black,  Red, purple,Red, purple,Red, black, Red, black, Red, purple, Yellow"
yellow-  purple®® black® black® yellow” yellow” black, yellow”
orange*®
Seed processing Swallow  Spit out Swallow swallow swallow swallow swallow swallow
(swallow very
small seeds)
Seed 90%* 100%" - - - - - 75%9
dispersed/Total
ingested
Maximum 19° Spitout: 35 13" 20° 17° 28" 13" 23°
diameter of Swallow: 0,05
ingested seed a
(mm)
Seed passage  900-3000° Sallow: 83  5-122% 20-530° 156 - 186-2640 558-6828
time (min) (up to 600)

Spit out: 67

SYIOMIIU

eszodsip paas ur (pepayndosson) :sorewisy) *dds vy 10 9103 2y 1, — ¢ 393dey”
[ P I . SElR 9 Hd W 30 91 LL—¢ g0
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Seed dispersal 100-1000' 1000-10,008 Up to 454 >10,000° 1000-10,006 1000-10,006 Up to 22,000 Up to 5772
distance (m)

Deposition Clumped Scattered Scattered Scattered Clumped Clumped @dmp  Clumped
pattern Scattered

Germination 95.5%%  95.8%" - - - - 44-63% 60%°
percentage

Dispersal of No® No" Yes® - - - - No®

arboreal shrubs

Biomass (kg/km2)105? 38.7° 11.1° - - 14-117 5-15° -
Home range size 252 100 (small)  2.2° - 300-1700 - 1000-18,000" 5000-
(ha) 800-4200 100,000 ha
(large)?
Travel (m/day) 1300 4500 (small) - - - - - 1000-2006
8500-11,000
(large)?
Foraged canopy Outerto  Emergent Lowerto - - Ground - Ground®
strata emergenf (large) middle®
Middle (small)
a
Forest type Primary Primary Primary - - Primary Primary Primary

Secondary Secondary Secondary Secondary Secondary

SIromiou
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Seed Sleeping Nesting sites Nesting - - - - Travel

accumulation sites (breeding sites pathways
Fruiting season) Roosting
trees Roosting sites sites
Travel (non-breeding

pathways season)
Travel

pathways

2 (Savini & Kanwatanakid-Savini 2011)(Kitamura et al. 2002f,(Khamcha, unpublished dat&)Corlett 2009)¢ (Kitamura et al. 2007)(Brodie et al.
2009),? (Campos-Arceiz et al. 2008)(Sukumar 2006),(Nakashima & Sukor 2009)(Koike et al. 2011)¢ (Weir & Corlett 2007)! (Rabinowitz 1991)"
(Kozakai et al. 2011};(Koike et al. 2008)° (Ngoprasert et al. in revisiorf){McConkey 2000)% (Corlett 1998)
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Macaques in Asian seed dispersal networks

Diet

Macaques are omnivorous-frugivorous primates,they eat fruits, but also leaves,
flowers, shoots, roots, invertebrates, and smathals in variable quantities (Caldecott 1986;
Krishnamani 1994; Kurup & Kumar 1993; Maruhashi Q98'Brien & Kinnaird 1997; Rowe
& Myers 2011; Schilke et al. 2011; Su & Lee 200mhe percentage of fruit in the diet,
usually higher than other food items, depends @n ghrticular macaque species — from
relatively low (10-32% irM. fuscata Agetsuma & Nakagawa 1998) to very high (859%/in
nigrescensRowe & Myers 2011) — but may also show intra-gipegariations, depending on
habitat and provisioninge(g.in M. fuscata 15% in provisioned troops (Son 2003) and 88%
in unprovisioned ones (Wheatley 1980)), and sedsarations (Hanya et al. 2003) (Table
5.2). The number of fruit species included in thecagues’ diet is species-specific but often
higher than for other sympatric frugivores (Tablé &nd 5.2) (Corlett 1998).

Fruit species are not restricted to the so-cdfledhate fruits’, those with large seeds,
orange-brown color, and a protective rind (Corl&®8) as macaques eat various fruit types,
included dehiscent and indehiscent fruits — coptitar other mammals tending to avoid
dehiscent fruits, preferred by birds (Kitamura le2802; Lucas & Corlett 1998) —, protected
or not — contrary to other frugivores preferringptotected fruits (Corlett 1998)— of every
color — when other mammals prefer yellow fruitstéifaura et al. 2002).

The few number of studies focused on macaque dispdrsal seem to show that they
may disperse very smak.g.M. fascicularis 0.2 mm; Lucas & Corlett 1998), as well as very
large seedse(g. M. cyclopis up to 16.7 mm for swallowed seeds (Chen 1999);
fascicularis up to 30 mm for spat out seeds and 51.3 mm fopukd seeds (Lucas & Corlett
1998); M. fuscata up to 26 mm for swallowed seeds and 40 mm fot spa seeds (Otani
2004)), such as deers, but contrary to other frrgs which are more restricted to some seed
sizes €.g.small seeds for most birds and bats and largesseectlephants) (Kitamura et al.
2002; Lucas & Corlett 1998).

Moreover, they feed on small as well as very ldrgés (e.g.2.4 to 84.3 mm irM.
leoning Kitamura et al. 2002), the latter excluding se&spersal by all birds but hornbills
and fruit pigeons (Corlett 1998). Thus, in someaarethere macaques are the only large
frugivores, they may be essential for the dispep$ahedium- and large-sized fruits.g. M.

fuscataon Yakushima island (Noma & Yumoto 1997), afidfascicularisin Singapore and
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Hong Kong (Corlett 1996; Lucas & Corlett 1998)).Khao Yai National Park, several large-
seeded plant species, such Rlatymitra macrocarpa Nephelium melliferumBaccaurea
ramiflora, Lansium domesticur(Kitamura et al. 2005) anBrunus javanica(McConkey &
Brockelman 2011) have been shown to be mainly dsgpeby primatesacaca leoninand
Hylobates laj. On Yakushima islandyl. fuscatacould be, along with resident fruit pigeons,
an essential seed disperser for large-fruited @peties and species fructifying in summer,
such adMlyrica rubra (Myricaceae). Indeed, they are resident on tlendskand feed on fruits
all-year long contrary to most bird species onkygant in winter (Noma & Yumoto 1997).
Finally, macaques eat fruits produced by all pldatforms {.e. tall and small trees,
lianas, shrubs, and herbs; Caldecott 1986; Che®;1R@amura et al. 2002; Kumar et al.
2007; Lindburg 1977; Ramachandran & Joseph 2000evather frugivores usually ignore
small trees and shrubs, necessary for forest ssiocesaand deers and elephants only eat the

fallen fruits of tall trees (Kitamura et al. 2002).

Table 5.2. Characteristics of Macaca species.

Macacaspecies Common name Home Daily range  No fruit % fruit in diet
range (ha) (m/d) species

M. arctoides Stump-tailed - - - -

M. assamensis Assamese 95-500 1900% - 42.2%"

M. cyclopis Formosan rock 13d 2065° 5166 52%"
15%

M. fascicularis  Long-tailed 7-300 1900° 185 (Provisioned)
88.31%

M. fuscata Japanese 214-797 1218 45™" 10.2-31.6%

M. hecki Heck's - - -
41% (Semi-

M. leonina Northern pigtailed ~ 83-347 690-2240  126° provisioned)’
65.9%*

M. maura Moor 20?2 -

M. mulatta Rhesus 130-1340 1050-3500 28° 65-70%"

M. munzala  Arunachal 11-28 1500" 11" 68%"
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.nemestrina  Southern pigtailed ~ 62-828  902-2960' 1461 74.2%°

. nigra Celebes crested 175-341 1750-314G 145" 60-70.7%
. nigrescens  Gorontalo - 515-1240 - 85.1%"

. ochreata Booted 29-89 - - 66%"°°

. pagensis Pagai Island - - -

. radiata Bonnet 2-500 710-1300  16° 47.9%°

. siberu Siberut 530 - - 50%*

. silenus Lion-tailed 131° 750-2500 33" 61.9%"

. Sinica Toque 41 500-200¢ - 66%°

. sylvanus Barbary 200-726 2000-900G - 33%°%

. thibetana Milne-edwards’ 500 - - -
.tonkeana  Tonkean 67-143  707-1500 58" 66.8-79.8%

*(Rowe & Myers 2011)° (Wheatley 1980)° (Makwana 1978)] (Caldecott 1986): (Kurup & Kumar
1993); ' (Riley 2007);° (Astaras & Waltert 2010} (Kumar et al. 2007): (Pombo et al. 2004)!
(Chen 1999)F (Su & Lee 2001)! (Lucas & Corlett 1998)" (Hanya 2004)" (Maruhashi 1980)°
(Albert, unpublished dataf, (Lindburg 1977);* (Caldecott 1986); (O'Brien & Kinnaird 1997);
(Krishnamani 1994)" (Umapathy & Kumar 2000} (Riley 2007);" (Schiilke et al. 2011)! (Chang
1999);* (Son 2003)? (Wheatley 1980)? (Agetsuma & Nakagawa 1998 (Choudhury 2008)*°
(Priston 2005)

Seed processing

Seeds may be swallowed, spat out, or dropped (@B88; Kitamura et al. 2002;
Lucas & Corlett 1998) depending on seed speciesenwallowed, they are retained for a
long duration in the gut as, like most cercopithesj macaques have a long gut retention
time. InMacaca fuscata yakuDtani (2004) estimated an average retention th89.1 + 3.3
h for the consumption dEurya emarginataseeds, and Tsuji (2010) estimated an average
retention time reaching 54 h. Macaca cyclopisChen (1999) recorded an average retention
time of 36.4 + 5.4 h. This is significantly highitran most other dispersers (Khamcha 2009;
Kitamura 2007; Savini & Kanwatanakid-Savini 201&yut comparable to gibbons (15-50 h;
McConkey 2000; Savini & Kanwatanakid-Savini 2014¢ars (3.1-44 h; Koike et al. 2011),
or even elephants (9.3-113.8 h; Kitamura et al.72QUable 5.1). Thus, they may potentially
disperse seeds far from the parent plant. Moredvaripng retention time is often considered

as potentially harmful for ingested seeds, manylistuhave shown that gut treatment by
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primates was mostly neutral (Traveset 1998) andl teeems to be the case for macaque
species (Chen 1999; McConkey & Brockelman 2011 ;pa2).

Macaques defecate individually, contrary to gilkddsut mainly from low branches or
on the ground where they spend the largest amduheo day time (Table 5.2). Thus, their
cohesive dungs are unlikely to be broken up duttegfall, leaving seeds highly clumped by
sometimes up to several hundreds (Lucas & Cor@810tani 2004), contrary to birds, bats,
and arboreal primate feces, which usually shagésrb reaching the ground (Boon & Corlett
1989; Corlett 1998). This clumped deposition mayeh&armful consequences for seeds
prone to density-dependent pathogens or predattowd 1989). Howeveny. silenus and
M. sinicaare exceptions which, due to their arboreal habitsy defecate from higher heights
and increase the probability that feces will seditefalling through vegetation.

Macaques, due to their cheek pouches, may spserds. In every macaque species,
the cheek pouches are highly developed (Murray 19I7&is can be due to their extensive
use, during which monkeys store large amounts wfsfrand seeds and, thus, increase the
probability of seed dispersal. Although they spitt esnany seeds under the parent trees
(McConkey & Brockelman 2011) — a behavior also seenther dispersers such as flying
foxes (Corlett & Lucas 1989) — a significant petegye of seeds are spat out beyond the
crown edge (McConkey & Brockelman 2011). Macaqguss drop seeds but this technique
seems to be mainly used for very large-seededsf(uitcas & Corlett 1998; Chapter 2).

Thanks to these various processing techniquesagquas are able to disperse seeds up
to several hundred meters (Huang 2005; Tsujino &¥to 2009; Chapter 2), much like
gibbons (Corlett 2009), and sometimes up to 2.4(€men 1999), a distance comparable to
dispersal by hornbills, bulbuls and civets (Cor&109; Khamcha, unpublished data).

For a long time, macaques were considered aspeddtors. However, the proportion
of seed species destroyed by macaques seemsadw lggven seed destruction is encountered
mainly in two cases: predation on seeds of Fagaaeddeeding on immature fruits (Corlett
1998; Hanya 2005; Lindburg 1977; Lucas & Corlet989 Maruhashi 1980; O'Brien &
Kinnaird 1997; Otani 2004).

Ranging behavior

Macaques are all semi-terrestrial, with silenusandM. sinicabeing arboreal. This

enables them to survive in poor forests with scame scattered food sources. Terrestrial
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travels between arboreal food sources are rapideaedgy efficient (Rodman 1979). This
traveling mode enables them to use an increasestsiliy of food sources including fallen
fruits (Caldecott et al. 1996) to which arboreat@ps do not have access. Macaques thus
have the possibility to forage in all strata of fbeest canopy whereas other frugivores are
either canopy dwellers or terrestrial animals thaly eat fallen fruits (Kitamura et al. 2002).
This is probably why most macaques are able toifiy@imary and secondary forests.

Macaques, while foraging, continuously progres®ss the smaller home ranges of
other species included in their own home rangg.(angurs). They quickly harvest the
highest quality foods as they pass on to other fpatthes (Caldecott 1986). The fast
terrestrial travels of macaques, along with a Idaty range (from 500 to 3140 m/day; Rowe
& Myers 2011), induce usually large home rangeen(fr20 to 1340 ha; Rowe & Myers
2011), increasing the probability that seeds wdl dspersed far from the parent tree, and
often farther than where seeds would be dispersednbst frugivorous birds (except
hornbills), which have small home ranges (Hanyab200

Finally, macaques are tolerant to human distubaand may cross disturbed areas,
even urbanized areas for some species (Kumar 20@¥; Lucas & Corlett 1998; Makwana
1978; Maruhashi 1980; O'Brien & Kinnaird 1997; Rile007; Sinha 2001). Their seed
dispersal role may be essential to the regenerafi@econdary forests in these areas (Corlett
1998; Lucas & Corlett 1998) as few frugivores mayva/e in disturbed forests, except
bulbuls (Corlett 1998) which disperse only smaddse

Conclusion

Several frugivore species known to be effectivedsalispersers coexist with
macaques. However, macaques could be equally abéeed dispersers. They eat fruits in
guantity, which implies the potential dispersalnony seeds. Thus, they may defecate as
many, or even more, seeds than gibbons (McConkegréckelman 2011), for example,
which are considered to be very good seed disgemdorests of the Indo-Malayan region.
Macaques eat a high number of species, more than tugivores, which may increase the
dilution of seeds carried out during digestion. ded, if a greater number of species is
consumed, a more restricted number of seeds dfaime species is found in the same dung.
Thus, clumping is less important and the dispestaketter qualityLike gibbons (McConkey

2000), their gut seems to process seeds with Géey have cheek pouches, which enable
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them to store and transport seeds away from trenptree before spitting out the seeds. They
have large home ranges, larger than some otherafwispecies considered to be good seed
dispersers, such as gibbons (Savini 2005). But,entiban simply dispersing seeds, some
Macaca species may play an important role in various sssion stages during forest
regeneration given they cross a range of foresestyithin the same day (primary and
secondary forests), and even deforested areasacpid gibbons unable to use gaps or open
habitats. They move fast on the ground, which imses dispersal distances. They eat fruits of
plant species belonging to all plant life formsgmet in the forestAccording to Kitamuraet

al. (2002), pigtailed macaques and bulbuls are the sedd dispersers consuming the fruits
of arboreal shrubs in KYNP. However these shrulay al central role at the beginning of
succession because they enable the future estallittof sun-intolerant species, particularly
with a supply of shade and moisture on the fldvoreover, they belong to the rare large
frugivores still present in the Indo-Malayan regianmd are potentially able to disperse large
seeds. However, many primary forest species areactegized by their large seeds. After
enabling shrub establishment, macaques are p#readnly frugivorous species able to bring
seeds of primary forest trees. In the same wayamaes could be vital dispersers for some
pioneer species remaining as mature plants in pyinf@ests. Their seedlings might not
survive in close forests, and would need to beedsgr in open areas that few disperser
species can cross.

In conclusion, we believdMacaca speciesare important associates in the seed
dispersal assemblage found in forests of the Indéajhn region because they may disperse
most plant species usually more efficiently dispdrby birds, bats, gibbons, or civets (Corlett
1998; Kitamura et al. 2002; Kitamura et al. 2008jpd, thus, provide a significant
complement in terms of dispersal quantity. Morepweithin assemblages of dispersing
frugivores, they are sometimes the only one abldigperse seeds of some species, mainly
large-seeded or protected species (Corlett 1998),naay thus bring them a vital dispersal
service. Macaques could be the last, but not lekshent of a necessary seed dispersal
network.

This kind of network between a primate and othegifores is not unique to Asia as
we can observe similar networks in Africa and SoMtherica. Indeed, African frugivore
networks often include cercopithecine species (maercopithecusspp., but alsd?apio
spp. andLophocebusspp.), other primate species (mainly chimpanzelesinbills, fruit
pigeons, bulbuls, sturnids, and bats (Forget eR@D7; Kirika et al. 2008; Lambert 2010;
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Poulsen et al. 2002). In South America, cercopittescare absent but other primate species
(Atelesspp.,Alouattaspp. andSaguinusspp.) take part of networks including also thrisshe
toucans, deers, and bats (Culot 2009; Howe 1988&gkHturri & Howe 2007; Russo 2003;
Terborgh et al. 2008). These species seem to comeplieeach other in seed dispersal service

in the same way as in Asian frugivore networks.

Acknowledgments

We thank Richard Corlett for his valuable commaemtsa previous draft of this review

and Lee Olsen for editing the English.

Literature cited

Agetsuma, N. & Nakagawa, N. 1998. Effects of hahiifferences on feeding behaviors of
Japanese monkeys: comparison between Yakushim&iakdzan.Primates 39, 275-
289.

Andresen, E. 1999. Seed dispersal by monkeys anthtl of dispersed seeds in a Peruvian
rain forestBiotropica 31, 145-158.

Astaras, C. & Waltert, M. 2010. What does seed hiagdoy the drill tell us about the
ecological services of terrestrial cercopithecings African forests? Animal
Conservation13, 568-578.

Babweteera, F., Savill, P. & Brown, N. 20@alanites wilsonianaRegeneration with and
without elephantBiological Conservation134, 40-47.

Bascompte, J. & Jordano, P. 2006. The structurplaft-animal mutualistic networks. In:
Ecological networks(Ed. by Pascual, M. & Dunne, J.), pp. 143-159. ddf US:
Oxford University Press.

Bascompte, J., Jordano, P., Melian, C. J. & Ole3ehl. 2003. The nested assembly of plant-
animal mutualistic network€?roceedings of the National Academy of Scienté8,
9383-9387.

Boon, P. P. & Corlett, R. 1989. Seed dispersalheylésser short-nosed fruit b&yhopterus
brachyotis Pteropodidae, Megachiropterf)alayan Nature Journak2, 251-256.

- 168 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Borries, C., Larney, E., Kreetiyutanont, K. & KogniA. 2002. The diurnal primate
community in a dry evergreen forest in Phu KhieddiWe sanctuary, Northeast
Thailand.Natural History Bulletin of the Siam Socighp, 75-88.

Brodie, J. F. 2007. Effects of seed dispersal blgbagns, sambar, and muntjac on
Choerospondias axillarisemography, and the disruption of this mutualignwiddlife
poaching. PhD, University of Montana.

Brodie, J. F., Helmy, O. E., Brockelman, W. Y. & Ma, J. L. 2009. Functional differences
within a guild of tropical mammalian frugivordscology 90, 688-698.

Caldecott, J. O. 198&n ecological and behavioural study of the pigedimacaqueBasel:
Karger.

Caldecott, J. O., Feistner, A. T. C. & Gadsby, E.1996. A comparison of ecological
strategies of pig-tailed macaques, mandrills antisdin: Evolution and ecology of
macaque societieged. by Fa, J. E. & Lindburg, D. G.), pp. 73-94ambridge
Cambridge University Press.

Campos-Arceiz, A., Larrinaga, A. R., Weerasinghe, RJ, Takatsuki, S., Pastorini, J.,
Leimgruber, P., Fernando, P. & Santamaria, A. LO&0Behavior rather than diet
mediates seasonal differences in seed dispersakiay elephantsEcology 89, 2684-
2691.

Chang, K. 1999. Foraging strategies of Formosanamaes facaca cyclopisin Fushan
Experimental Forest. Dissertation, National Taiwhamversity.

Chanthorn, W. & Brockelman, W. Y. 2008. Seed dispeand seedling recruitment in the
light-demanding treeChoerospondias axillarisin old-growth forest in Thailand.
ScienceAsia34, 129-135.

Chapman, C. A. 1995. Primate seed dispersal: Cogonland conservation implications.
Evolutionary Anthropology4, 74-82.

Chapman, C. A. & Chapman, L. J. 1995. Survival authdispersers: seeding recruitment
under parentgConservation Biology9, 675-678.

Chapman, C. A. & Chapman, L. J. 1996. Frugivory ahd fate of dispersed and
nondispersed seeds in six African tree spedearnal of Tropical Ecologyl2, 491-
504.

Chapman, C. A. & Chapman, L. J. 1999. Forest rastor in abandoned agricultural land: A
case study from East Afric&onservation Biologyl3, 1301-1311.

- 169 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Chapman, C. A., Chapman, L. J., Wrangham, R., HkntGebo, D. & Gardner, L. 1992a.
Estimators of fruit abundance of tropical tre@mtropica 24, 527-531.

Chapman, C. A. & Russo, S. E. 2007. Primate segpedtsal: Linking behavioral ecology
with forest community structure. IfRrimates in perspectivéEd. by Campbell, C. J.,
Fuentes, A. F., MacKinnon, K. C., Panger, M. & Blar S.), pp. 510-525. Oxford:
Oxford University Press.

Chapman, H. M., Goldson, S. L. & Beck, J. 2009.téepersal removal and germination of
seed dispersed bgercopithecus nictitansn a West African montane foredtolia
primatologica 81, 41-50.

Chapman, L. J., Chapman, C. A. & Wrangham, R. 19®&#tanites wilsonianaelephant
dependent dispersaldurnal of Tropical Ecology8, 275-283.

Chen, C. E. 1999. The influence of Formosan maca@iacaca cyclopison seed dispersal
in Fushan experimental forest M.S. thesis, Natidrlvan University.

Choudhury, A. 2008. Ecology and behaviour of thg-tailed macaqudlacaca nemestrina
leoninain some forests of Assam in north-east Indidournal of the Bombay Natural
History Society105, 279-291.

Clark, C. J., Poulsen, J. R. & Parker, V. T. 2004e role of arboreal seed dispersal groups on
the seed rain of a lowland tropical foreBiotropica 33, 606-620.

Coates-Estrada, R. & Estrada, A. 1988. Frugivord aped dispersal i€ymbopetalum
baillonii at Los Tuxtlas, Mexicalournal of Tropical Ecology, 157-172.

Connell, J. H. 1971. On the role of natural enenmepreventing competitive exclusion in
some marine animals and in rain forest treesDymamics of populationéEd. by den
Boer, P. J. & Gradwell, G. R.), pp. 298-312. Waggen, The Netherlands: Centre for
Agricultural Publication and Documentation.

Corlett, R. T. 1996. Characteristics of vertebmditgpersed fruits in Hong Kongournal of
Tropical Ecology 12, 819-833.

Corlett, R. T. 1998. Frugivory and seed dispergaldrtebrates in the Oriental (Indomalayan)
Region.Biological Reviews73, 413-448.

Corlett, R. T. 2002. Frugivory and seed dispemsalegraded tropical East Asian landscape.
In: Seed-dispersal and frugivory: ecology, evolutiod aonservatior{Ed. by Levey, D.
J., Silva, W. R. & Galetti, M.), pp. 451-465. Nevork: CABI Publishing.

Corlett, R. T. 2009. Seed dispersal distances dack pnigration potential in tropical East
Asia. Biotropica 41, 592-598.

-170 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Corlett, R. T. & Lucas, P. W. 1989. Consumption @ampnospermum auriculatum
(Anacardiaceae) fruit by vertebrates in Singaptalayan Nature journal42, 273-
276.

Culot, L. 2009. Primary seed dispersal by two sympaspecies of tamarinsSaguinus
fuscicollisandSaguinus mystayand post-dispersal seed fate. PhD thesis, Uriigets
Liege.

Dew, J. L. & Wright, P. 1998. Frugivory and seedpdirsal by four species of primates in
Madagascar’s Eastern rain foreBintropica 30, 425-437.

Dominy, N. J. & Duncan, B. W. 2005. Seed-spittingmates and the conservation and
dispersion of large-seeded trelegernational Journal of Primatology26, 631-649.

Duncan, R. S. & Chapman, C. A. 1999. Seed dispemsdl potential forest succession in
abandoned agriculture in tropical Afridacological Applications9, 998-1008.

Fleming, T. H. & Heithaus, E. R. 1981. Frugivordagts, seed shadows, and the structure of
tropical forestsBiotropica 13, 45-53.

Fleming, T. H. & Williams, C. F. 1990. Phenologyesl dispersal, and recruitment in
Cecropia peltata(Moraceae) in Costa Rican tropical dry forekiurnal of Tropical
Ecology 6, 163-178.

Forest Restoration Research Unit. 2086w to plant a forest: the principles and practioke
restoring tropical forestsBiology Department, Science Faculty, Chiang Maivdrsity,
Thailand.

Forget, P.-M., Dennis, A. J., Mazer, S. J., JangenA., Kitamura, S., Lambert, J. E. &
Westcott, D. A. 2007. Seed allometry and dispeaseemblages in tropical rainforests:
a comparision of four floras on different contirenin: Seed dispersal: theory and its
application in a changing worlded. by Dennis, A. J., Schupp, E. W., Green, R& J.
Westcott, D.), pp. 5-36. Wallingford, UK: CAB Intetional Publishing.

Fortuna, M. A. & Bascompte, J. 2006. Habitat los&l ahe structure of plant-animal
mutualistic networksEcology Letters9, 281-286.

Ganesh, T. & Davidar, P. 2005. Fruiting phenologyl gre-dispersal seed predation in a
rainforest in southern western Ghats, India. Tnopical fruits and frugivores: The
search of strong interactor&d. by Dew, J. L. & Boubli, J.-P.), pp. 139-1®brdrecht:
Springer.

-171 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Garber, P. A. & Lambert, J. E. 1998. Introductiorptimate seed dispersal. Primates as seed
dispersers: ecological processes and directionBifare researchAmerican Journal of
Primatology 45, 3-8.

Hanya, G. 2004. Diet of a Japanese macaque trodipeirconiferous forest of Yakushima.
International Journal of Primatology25, 55-71.

Hanya, G. 2005. Comparisons of dispersal succasgebe the species fruiting prior to and
those at the peak of migrant frugivore abundaRtant Ecology 181, 167-177.

Hanya, G., Noma, N. & Agetsuma, N. 2003. Altitudiaad seasonal variations in the diet of
Japanese macaques in YakushiRranates 44, 51-59.

Herrera, C. M. 1984. A study of avian frugivoresdhlispersed plants, and their interaction
in mediterranean scrubland&cological Monographsb4, 1-23.

Herrera, C. M. 1985. Determinants of plant-animakwolution: the case of mutualistic
dispersal of seeds by vertebra®@gos 44, 132-141.

Howe, H. F. 1983. Annual variation in a neotropisakd-dispersal system. [fropical rain
forest: ecology and managemé€gad. by Sutton, S. L., Whitmore, T. C. & Chadwigk,
C.), pp- 211-227. Oxford: Blackwell Scientific Pidaltions.

Howe, H. F. 1989. Scatter- and clump-dispersal seetlling demography: hypothesis and
implications.Oecologia 79, 417-426.

Howe, H. F. & Smallwood, J. 1982. Ecology of seapédrsal Annual Review of Ecology and
Systematicsl3, 201-228.

Huang, C.-L. 2005. Effects of dispersal via cheelghes of Formosan macaquétataca
cyclopig on seed shadow and seed fate of three Lauraceeeies at Fushan
experimental forest, National Taiwan University.

Janzen, D. H. 1970. Herbivores and the number e# 8pecies in tropical forest§he
American Naturalist104, 501-528.

Jordano, P., Bascompte, J. & Olesen, J. M. 200&riant properties in coevolutionary
networks of plant-animal interactiortscology Letters6, 69-81.

Jordano, P., Garcia, C., Godoy, J. A. & Garcia-#astJ. L. 2007. Differential contribution
of frugivores to complex seed dispersal patteRieceedings of the National Academy
of Sciences of the United States of Amerl€al, 3278-3282.

Jordano, P. & Godoy, J. A. 2002. Frugivore-generateed shadows: a landscape view of
demographic and genetic effects. 8eed-dispersal and frugivory: ecology, evolution

-172 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

and conservatiorfEd. by Levey, D. J., Silva, W. R. & Galetti, Mpp. 305-321. New
York: CAB International.

Kanwatanakid, C.-O. 2000. Characteristics of fraitmsumed by the white-handed gibbon
(Hylobates lay in Khao Yai National Park, Thailand. PhD thesighidol University.
Kanwatanakid-Savini, C.-O., Poonswad, P. & Savini2009. An assessment of food overlap

between gibbons and hornbillEhe Raffles Bulletin of Zoology7, 189-198.

Kaplin, B. A. & Lambert, J. E. 2002. Effectiveneset seed dispersal bercopithecus
Monkeys: Implications for seed input into degradmeas. In:Seed-dispersal and
frugivory: ecology, evolution and conservati@ad. by Levey, D. J., Silva, W. R. &
Galetti, M.), pp. 351-364. New York: CABI Publislgin

Kaplin, B. A. & Moermond, T. C. 1998. Variation seed handling by two species of forest
monkeys in Rwanda@merican Journal of Primatologyb, 83-101.

Kaplin, B. A., Munyaligoga, V. & Moermond, T. C. 98. The influence of temporal changes
in fruit availability on diet composition and sedaandling in blue monkeys
(Cercopithecus mitis doggettBiotropica 30, 56-71.

Khamcha, D. 2009. Movement patterns, seed dispensadltree-fall gap use by a forest
interior frugivore: puff-throated bulbulA{ophoixus pallidus Master thesis, King
Mongkut’s University of Technology Thonburi.

Kirika, J. M., Bleher, B., Bohning-Gaese, K., ChiR & Farwig, N. 2008. Fragmentation
and local disturbance of forests reduce frugivakeerdity and fruit removal irFFicus
thonningiitrees Basic and Applied Ecolog®, 663-672.

Kitamura, S. 2007. Current knowledge and futureassfor frugivory and seed dispersal by
animals in Southeast Asia: special reference teldrugivorous birds and mammals.
Japanese Journal of Ecology7, 159-171.

Kitamura, S., Suzuki, S., Yumoto, T., Poonswad (Pwyailua, P., Plongmai, K., Maruhashi,
T., Noma, N. & Suckasam, C. 2006. DispersaCaharium euphylluniBurseraceae), a
large-seeded tree species, in a moist evergreestfor ThailandJournal of Tropical
Ecology 22, 137-146.

Kitamura, S., Suzuki, S., Yumoto, T., Poonswad,(huailua, P., Plongmai, K., Noma, N.,
Maruhashi, T. & Suckasam, C. 2004a. Dispersalglaia spectabilisa large-seeded
tree species in a moist evergreen forest in Thaildaurnal of Tropical EcologyZ20,
421-427.

-173 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Kitamura, S., Yumoto, T., Poonswad, P., Chuailua& Plongmai, K. 2004b. Characteristics
of hornbill-dispersed fruits in a tropical seasoftakst in ThailandBird Conservation
International 14, S81-S88.

Kitamura, S., Yumoto, T., Poonswad, P., ChuailuaP®ngmai, K., Maruhashi, T. & Noma,
N. 2002. Interactions between fleshy fruits andjivares in a tropical seasonal forest in
Thailand.Oecologial33, 559-572.

Kitamura, S., Yumoto, T., Poonswad, P., ChuailuaPfngmai, K., Noma, N., Maruhashi,
T. & Wohandee, P. 2005. Fruit-frugivore interacsoim a moist evergreen forest of
Khao Yai National Park in Thailandiropics 14, 345-355.

Kitamura, S., Yumoto, T., Poonswad, P. & Wohande&007. Frugivory and seed dispersal
by Asian elephantglephas maximysn a moist evergreen forest of Thailaddurnal
of Tropical Ecology23, 373-376.

Koike, S., Kasai, S., Yamazaki, K. & Furubayashi, 2008. Fruit phenology oPrunus
jamasakuraand the feeding habit of the Asiatic black bear aaseed disperser.
Ecological Researgi23, 385-392.

Koike, S., Masaki, T., Nemoto, Y., Kozakai, C., Yaaaki, K., Kasai, S., Nakajima, A. &
Kaji, K. 2011. Estimate of the seed shadow credtgdhe Asiatic black beadrsus
thibetanusand its characteristics as a seed disperser imdapaool-temperate forest.
Oikos 120, 280-290.

Kozakai, C., Yamazaki, K., Nemoto, Y., Nakajima, Koike, S., Abe, S., Masaki, T. & Kaji,
K. 2011. Effect of mast production on home range ot Japanese black beaf$he
Journal of Wildlife Management5, 867-875.

Krishnamani, R. 1994. Diet composition of the bdnneacaque Nlacaca radiata in a
tropical dry evergreen forest of Southern Infirapical Biodiversity 2, 285-302.

Kumar, R. S., Mishra, C. & Sinha, A. 2007. Forageuglogy and time-activity budget of the
Arunachal macaquBlacaca munzala- A preliminary studyCurrent Science93, 532-
539.

Kurup, G. U. & Kumar, A. 1993. Time budget and waityi patterns of the lion-tailed macaque
(Macaca silenus International Journal of Primatologyl4, 27-39.

Lambert, J. E. 1999. Seed handling in chimpanzBas {roglodytes and redtail monkeys
(Cercopithecus ascaniusimplications for understanding hominoid and ogithecine
fruit-processing strategies and seed dispergaierican Journal of Physical
Anthropology 109, 365-386.

- 174 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Lambert, J. E. 2010. Primate seed dispersers asellmpecies: a case study from Kibale
National Park, Uganda, with implications for Afrgpical forest conservatioAmerican
Journal of Primatology71, 1-16.

Lambert, J. E. & Chapman, C. A. 2005. The fate nmpte-dispersed seeds: deposition
pattern, dispersal distance and implications farseovation. InSeed Fate - Predation,
Dispersal and Seedling Establishmé¢itd. by Forget, P.-M., Lambert, J. E., Hulme, P.
E. & Vander Wall, S. B.), pp. 137-150. Cambridg&BECInternational.

Lindburg, D. G. 1977. Feeding behaviour and diethelsus monkeydMacaca mulattain a
Siwalik forest in north India. InPrimate ecology: Studies of feeding and ranging
behaviour in lemurs, monkeys and aggsl. by Clutton-Brock, T. H.), pp. 223-249.
London: Academic Press.

Loiselle, B. A., Blendinger, P. G., Blake, J. GR&der, T. B. 2007. Ecological redundancy in
seed dispersal systems: a comparison between man@kies: Pipridae) in two tropical
forests. In:Seed dispersal: theory and its application in a rajiag world (Ed. by
Dennis, A. J., Schupp, E. W., Green, R. A. & We#tdd. A.). Wallingford, UK: CAB
International.

Lucas, P. W. & Corlett, R. T. 1998. Seed dispetsallong-tailed macague®merican
Journal of Primatology45, 29-44.

Makwana, S. C. 1978. Field ecology and behaviouhefrhesus macaquklg§caca mulattg
|. Group composition, home range, roosting sitesl oraging routes in the Asarori
Forest.Primates 19, 483-492.

Martinez, ., Garcia, D. & Obeso, J. R. 2008. Dédfdial seed dispersal patterns generated by
a common assemblage of vertebrate frugivores getHeshy-fruited treeg€coscience
15, 189-199.

Maruhashi, T. 1980. Feeding behavior and diet ef Japanese monkeiécaca fuscata
yaku) on Yakushima Island, JapdPrimates 21, 141-160.

McConkey, K. R. 2000. Primary seed shadow generbjedibbons in the rain forests of
Barito Ulu, central BornedAmerican Journal of Primatology2, 13-29.

McConkey, K. R. & Brockelman, W. Y. 2011. Non-rediamcy in the dispersal network of a
generalist tropical forest treEcology 92, 1492-1502.

Medellin, R. A. & Gaona, O. 1999. Seed dispersabhis and birds in forest and disturbed
habitats of Chiapas, MexicBiotropica 31, 478-485.

-175 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Melo, F. P. L., Martinez-Salas, E., Benitez-Malyidh & Ceballos, G. 2010. Forest
fragmentation reduces recruitment of large-seedee $pecies in a semi-deciduous
tropical forest of southern Mexicdournal of Tropical Ecology26, 35-43.

Murali, K. S. 1997. Patterns of seed size, gernonaand seed viability of tropical tree
species in southern IndiBiotropica, 29, 271-279.

Murray, P. 1975. The role of cheek pouches in qathecine monkey adaptative strategy. In:
Primate functional morphology and evoluti¢id. by Tuttle, R. H.), pp. 151-194. The
Hague: Mouton.

Nakashima, Y. N. & Sukor, J. A. S. 2009. Importan€eommon palm civetdP@radoxurus
hermaphroditusas a long-distance disperser for large-seededsia degraded forests.
Tropics 18, 221-229.

Nathan, R. & Muller-Landau, H. C. 2000. Spatial tpaits of seed dispersal, their
determinants and consequences for recruitmBmnds in Ecology & Evolutignl5,
278-285.

Ngoprasert, D., Reed, D. H., Steinmetz, R. & G@&eA. in revision. Density estimation of
Asian bears using chest mark based photographtareapecapture samplingrsus

Noma, N. & Yumoto, T. 1997. Fruiting phenology afimal-dispersed plants in response to
winter migration of frugivores in a warm temperé&ieest on Yakushima Island, Japan.
Ecological ResearghH2, 119-129.

Nufez-Iturri, G. & Howe, H. F. 2007. Bushmeat ahd fate of trees with seeds dispersed by
large primates in a lowland rain forest in West&mazonia.Biotropica 39, 348-354.
O'Brien, T. G. & Kinnaird, M. F. 1997. Behavior,eti and movements of the Sulawesi
crested black macaquildcaca nigra. International Journal of Primatologyl8, 321-

351.

Otani, T. 2004. Effects of macaque ingestion ol sesstruction and germination of a fleshy-
fruited tree,Eurya emarginataEcological Research9, 495-501.

Parrotta, J. A., Knowles, O. H. & Wunderle Jr, 1.2897. Development of floristic diversity
in 10-years-old reforestation forests on a bauxitimed site in AmazoniaForest
Ecology and Managemer9, 21-42.

Peres, C. A. & van Roosmalen, M. 2002. Primateifiary in two species-rich Neotropical
forests: implications for the demography of largeded plants in overhunted areas. In:
Seed-dispersal and frugivory: ecology, evolutiod anonservatior{Ed. by Levey, D. J.,
Silva, W. R. & Galetti, M.). New York: CAB Internanal.

-176 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Pombo, A. R., Waltert, M., Mansjoer, S. S., Martisis A. & Muhlenberg, M. 2004. Home
range, diet and behaviour of the Tonkean macaljlazgca tonkeanain Lore Lindu
National Park, Sulawesi. Intand use, nature conservation and the stability of
rainforest margins in southeast Adigd. by Gerold, G., Fremerey, M., Guhardja, E.),
pp. 313-325. Berlin, Heidelberg: Springer.

Poulsen, J. R., Clark, C. J., Connor, E. F. & SniithB. 2002. Differential resource use by
primates and hornbills: implications for seed dispeEcology 83, 228-240.

Poulsen, J. R., Clark, C. J. & Smith, T. B. 200ke& dispersal by a diurnal primate
community in the Dja Reserve, Camerodournal of Tropical Ecologyl7, 787-808.

Priston, N. E. C. 2005. Crop-raiding Macaca Ochreata Brunnesceirs Sulawesi: reality,
perceptions and outcomes for conservation, UnityeodiCambridge

Rabinowitz, A. R. 1991. Behaviour and movementsyfpatric civet species in Huai Kha
Khaeng Wildlife Sanctuary, Thailandournal of Zoology223, 281-298.

Ramachandran, K. K. & Joseph, G. K. 2000. Habitdtzation of lion-tailed macaque
(Macaca silenusin Silent Valley National Park, Kerala, Indiarimate Report58, 17-
25.

Riley, E. P. 2007. Flexibility in diet and activipatterns oMacaca tonkeanan response to
anthropogenic habitat alteratidnternational Journal of Primatology28, 107-133.

Rodman, P. S. 1979. Skeletal differentiatiorMzfcaca fasciculariand Macaca nemestrina
in relation to arboreal and terrestrial quadrupedal American Journal of Physical
Anthropology 51, 51-62.

Rowe, N. & Myers, M. 2011. All the World's Primatesww.alltheworldsprimates.org.
Primate Conservation Inc. Charlestown RI. Downlaade 10/10/2011. Charlestown
RI.

Russo, S. 2003. Responses of dispersal agentgdoatrd fruit traits irVirola calophylla
(Myristicaceae): implications for selectic@ecologia 136, 80-87.

Savini, T. 2005. Socioecology and reproduction imterhanded gibbondHf/lobates lay at
Khao Yai National Park, Thailand. PhD thesis, Ursité de Liege.

Savini, T. & Kanwatanakid-Savini, C. 2011. Feedmerlap and seed dispersal efficiency
between sympatric hornbills and gibbons in Thailarttke Raffles Bulletin of Zoology
24, 115-122.

-177 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Schilke, O., Pesek, D., Whitman, B. J. & Ostne2Ql1. Ecology of Assamese macaques
(Macaca assamengiat Phu Khieo Wildlife Sanctuary, Thailantburnal of Wildlife in
Thailand 18.

Schupp, E. W., Jordano, P. & Gomez, J. M. 2010d Skepersal effectiveness revisited: a
conceptual reviewNew Phytologist188, 333-353.

Sinha, A. 2001. The bonnet macaque revisited: ggpldemography and behavio&NVIS
Bulletin: Wildlife and Protected Areas, 30-39.

Son, V. D. 2003. Diet oMacaca fascicularisn a mangrove forest, Vietnarhaboratory
Primate Newsletter42, 1-5.

Spiegel, O. & Nathan, R. 2007. Incorporating dispérdistance into the disperser
effectiveness framework: frugivorous birds proveEmplementary dispersal to plants
in a patchy environmenEcology Letters10, 718-728.

Srivastava, A. 2006. Conservation of threatenedngieés of Northeast IndiaPrimate
Conservation20, 107-113.

Stoner, K. E. & Henry, M. 2008. Seed dispersal &mdivory in tropical ecosystems. In:
Encyclopedia of Life Support Systef@ford: Eolss Publishers.

Su, H.-H. & Lee, L.-L. 2001. Food habits of formnsack macaquedMacaca cyclopisin
Jentse, Northeastern Taiwan, assessed by fecalsenand behavioral observation.
International Journal of Primatology22.

Sukumar, R. 2006. A brief review of the status,trtbstion and biology of wild Asian
elephant&lephas maximusnternational Zoo YearbookO, 1-8.

Terborgh, J., Nufiez-lturri, G., Pitman, N. C. A.pr@ejo Valverde, F. H., Alvarez, P.,
Swamy, V., Pringle, E. G. & Paine, C. E. T. 2008d recruitment in an empty forest.
Ecology 89, 1757-1768.

Traveset, A. 1998. Effect of seed passage throegtehrate frugivores’ guts on germination:
a review.Perspectives in Plant Ecology, Evolution and Syatarg 1/2, 151-190.

Tsuji, Y. 2010. Effects of the physical charactécs of seeds on gastrointestinal passage time
in captive Japanese macaquisirnal of Zoology280, 171-176.

Tsujino, R. & Yumoto, T. 2009. Topography-specsgged dispersal by Japanese macaques in
a lowland forest on Yakushima Island, Japkurnal of Animal Ecology78, 119-125.
Umapathy, G. & Kumar, A. 2000. Impacts of the haibftagmentation on time budget and
feeding ecology of lion-tailed macaquklgcaca silenusin rain forest fragments of

Anamalai Hills, South IndigPrimate Report58, 67-82.

-178 -



Chapter 5 — The role of Macaca spp. (Primates: Cercopithecidae) in seed dispersal
networks

Weir, J. E. S. & Corlett, R. T. 2007. How far dods disperse seeds in the degraded tropical
landscape of Hong Kong, Chine@ndscape Ecology?2, 131-140.

Wheatley, B. P. 1980. Feeding and ranging of Eash&nMacaca fascicularisIn: The
macaques: studies in ecology, behavior and evaiufied. by Lindburg, D. G.), pp.
215-246. New York: Van Nostrand Reinhold Company.

Whitington, C. 1990. Seed dispersal by white-hangitbons Hylobates laj in Khao Yai
National Park, Thailand. MSc thesis, Mahidol Unsrsy.

Wrangham, R. W., Chapman, C. A. & Chapman, L. B419Seed dispersal by forest
chimpanzees in Uganda.Journal of Tropical Ecology 10, 355-368.

-179 -



GENERAL CONCLUSION

1. Summary

- 180 -



General conclusion — Summary

1. Summary

Today most South-East Asian countries are awatieeohlarming state of their forests.
Unfortunately, this deforestation goes hand in haith the demographic and economic
development of these countries (Wright 2005). Temesents a strong dilemma which delays
authorities in their decisions about an urgent raqalotection. In this confrontation between
economy and nature, the compromise is difficultfited. However, there are effective
solutions. Thailand, in particular, decided, atstea theory, to protect most of its remaining
natural forest by creating several large naturakgpand to rehabilitate degraded forests by
promoting reforestation programmes (Forest RestordResearch Unit 2008; Kashio 2000).
However, for effective forest protection and re&tation, it is also necessary to understand
how forest regeneration works. Indeed, one aimhi $tudy was to bring a contribution to
the knowledge oé crucial step of forest regeneration: seed dispeak in primary as well as
secondary forest.

However, even with protected areas and the knowlenfgforest maintenance and
reforestation processes, the conservation of ferastd wildlife cannot work without the
cooperation of local communities (Kashio 2000). fhevhy the other goal of my study was
to make people understand the importance northern pigiled macaquescould have for
the conservation of tropical rainforests. Thailaadvery devoted to its forest but | could
observe many cases of conflict between humans audaues, even in the pabBy showing
the necessity omacaques to forests, as seed disperseiswould be easier to stimulate
people to protect them.

At the beginning of our study, little was knownoab northern pigtailed macaques.
Our aim was to highlight their importance on se&persal and thus on forest regeneration
by studying (1) how their eco-ethological charasters could make them effective
dispersers, from a quantitative and a qualitato@tpof view, (2) how the influence of biotic
factors, such as resources and predation, on dhguities and movements may impact their
seed dispersal effectiveness, and (3) what paaticole they could have in a seed dispersal
assemblage.

We showed that northern pigtailed macaquese#ertive seed disperserfor many
plant species as they disperse many seeds of nnamyspecies, of all kind of size, in all
forest types, from primary forest to secondary $oréhanks to various handling techniques,
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and with a neutral effect on the seed germinatiah\aability of most plant specie€khapter
2).

Then we showed that northern pigtailed macacaaept their ranging pattern
according to fruit availability. Moreover, duringuft scarcity, they shift their diet from
frugivorous to omnivorous with an important parthafman food, thus described as fallback
food (Chapter 3). However,human food does not seem to have important negative
consequences on seed dispersal

We also describedleeping sitescharacteristics and pre-sleep behavior in northern
pigtailed macaques and showed that they were mfkee by thgroximity of resourcesand
therisk of predation (Chapter 4). Given the fact macaques use few sleeping siefecate
when they wake up and that all troop members steegentrated in a small area, we think
that they must create a high seed density belovsi#eping treesThis may be harmful for
some seed species, but may be beneficial for theystem.

Finally, we showed that, given the seed dispessalice northern pigtailed macaques
provide, they seem to be less necessary to the/stens than other dispersers. However, they
play animportant role as seed dispersatomplementand could become necessary in case
of forest degradation as, like for most cercopithes, their high dietary and behavioral
flexibility could enable them to adapt better thather dispersers to a poorer environment
(Corlett 1998) Chapter 5).
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2. Outlook

2.1 Conservation implications

Macaques’ natural capacity to disperse seeds in various forest types is very
important as it could be used reforest degraded areagDuncan & Chapman 2002; Forest
Restoration Research Unit 2006, 2008). Indeed, nowkthe plant species consumed by
macaques would make possible to attract these rdiesjsein areas requiring reforestation.
Only some *“attracting” framework species would rieguo be planted. The other species
would be brought naturally by seed dispersers @toRestoration Research Unit 2006;
Wunderle 1997). In consequences, associationsargehof reforestation programmes could
save a lot of money as restoration strategies ugieh natural processes are already thought
to be the most widely applicable and affordabler{@b& Hau 2000; Duncan & Chapman
2002).

We have to keep in mind that forest protection e anly necessary for forest-
dwelling animal species, but also for humans. Whthloss of the whole forest, humans could
undergo the loss of important resources. The poesehprimates in forests is important not
only for the regeneration of the forest generapigaking, but also for theegeneration of
resources essential to humangChivian 2002; King 1996; Koné et al. 2008; Milleam
Ecosystem Assessment 2005).

2.2 Directions for future research

Although we claimed that northern pigtailed maesjwere important seed dispersers
in Khao Yai National Park, our study lacks impottamformation onseed post-dispersal
fate, including suitability of defecation site and padlility of germination and seedling
establishmenin situ. These data seem necessary to confirm the sepedrshd status of.
leonina However, they are highly dependent on the prdivatmf secondary dispersal and
predation which may be variable according to timd place. Our aim was to determine the
“basal” seed dispersal effectivenesdvbfleoning but we admit that this may be secondarily
influenced by other factors depending on dispetisa¢ and place. Indeed, several authors
have shown that initial seed deposition was hidikigly to be altered due to post-dispersal
processes (Chapman & Russo 2007; Lambert 2001; ¢driB02). That's why we think that
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follow-up studies are needed to consider the impasecondary dispersers and predators on
seed fate after dispersal by macaques.

Then, it would be interesting to see the impacatathern pigtailed macaques on some
important plant specieseed shadow(i.e. the spatial distribution of a plant’s seeds). Our
study enabled us to collect all data necessarythisr analysis, except gut retention time,
which is expected to be estimated soon in capiiy&ied macaques.

As we have seen in the chapters 1 and 5, margopithecinesspecies could have an
important role in seed dispersal, particularly agchded areas. It is thus necessary to study
these species deeply to know how to protect thethhamv they could help in reforestation
programmes, all the more that some species codd be umbrella species (Lambert 2010)
and induce the collateral protection of other spgdiesser known but nevertheless important
for the ecosystem.

Finally, our study concerns only a single trooppajtailed macaques, whose home
range is characterized by a close proximity to hursettlements. This singularity makes it
difficult to generalize our results to other troagspopulations, and to the species. The study
of troops, living in moreremote areas will be needed to obtain a more comprehensive

knowledge oM. leonina

2.3 Recommendations for Khao Yai National Park

Given its important role in seed dispersal and thudorest regeneration, it is
necessary to protect the vulnerable (IUCN 20M1)leoninawherever it lives. In Khao Yai
National Park, the main source of human-macaquadlicts is food robbery. Thus the best
way to stop conflicts would be that macaques lghat they cannot steal food anymore,
which could be done through several ways:

1) People should be educatexrlg( the head of the park should pass on the message
and explain things carefully to every local peophere notice boards should be placed in the
way of tourists to inform theratc):

2) Feeding by people should be forbidden: interd@ideeding by tourists as well as
feeding by local people throwing the remaining leéit food on the ground near the houses

and the restaurant. These behaviors attract masaqe encourage robbery. Macaques are
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thus only seen as thieves by local people and humaraques’ conflicts may have, in the
long term, a negative impact on their conservation.

3) Harmful behaviors, such as shooting at macaquitts catapults or pellet guns
(often observed around the houses of local pegblelld be punished. These behaviors are
bad consequences of the conflict between macadque®eal people.

4) To reduce robbery and thus conflicts, localgbe@nd tourists should pay attention
in food storage: never let food outside, alwayseldoors and windows, close cars, store food
in closed cupboardstc
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