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Abstract

Primate dietary choices are subject to changing environmental conditions. Therefore, all
primates must display varying degrees of behavioural plasticity and adaptability to
ecological pressures and modify their diets in response to low food availability.
Currently, primates worldwide are threatened by increasing deforestation and the removal
of crucial food sources via anthropomorphic activity. Omnivorous-frugivorous primates
in particular exhibit extreme degrees of behavioural and dietary plasticity in the wake of
resource scarcity but generally do not include considerable portions of meat in their diets.
Therefore, an increase in the amount of meat eaten (however small) could be an indicator
of dietary stress due to habitat degradation. Considering the increasing fragmentation of
primate habitats | investigated the relationship between primate meat consumption and
food loss. The diets of a number of omni-frugivore primate species inhabiting different
geographic regions, habitat types, and continents, were compared to determine variability
in the percentage of meat consumption between each group and whether primate meat
intake rose in tandem with deforestation over time. Omni-frugivores in drier habitats or
regions of marked seasonality consumed more meat than those found in wetter regions.
There was no relationship between the protein content of the plants ingested and meat
intake. Furthermore, the percentage of meat in the diets of omni-frugivores tended to
increase with the rate of habitat fragmentation, with the average percentage of meat
consumption rising by 1.1% between 1970-2015. The relationship between increasing
meat consumption and deforestation may significantly aide the conservation of forests,
crucial plant food items and sustainability of primate population persistence and health.
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CHAPTER 1: INTRODUCTION
1.1.1 THESIS OBJECTIVES

In this thesis, | investigate the relationship between ecology and the percentage of meat in
omnivore and frugivore diets. Since meat consumption is highly variable across primate
species | conducted my research to see if this variability is connected with a primate’s
environment. My second objective is to evaluate if the percentage of meat in the diets of
omnivorous and frugivorous primates has changed in tandem with extensive
anthropogenic deforestation over the past 45 years (1970-2015). Since 1970, industrial
logging has caused an increase in the rate of deforestation worldwide (Oates et al., 2013).
Primates consuming such a rare food item at an elevated rate might indicate a loss of
preferred and alternative resources within their habitats. | focus on primates that have the
ability to consume meat, yet only consume small portions of it. Folivores will not be
considered, as the amount of meat they consume is negligible, and there are not enough
data to adequately assess primates exhibiting this diet specialization. I am not including
insectivores since they already consume a substantial amount of meat and could therefore
bias my results (see chapter two for details).

My research could contribute to primate conservation efforts by adding another
variable, increased meat consumption, as an outcome of marked changes in primate diets
due to human expansion. The global perspective of my study may help pinpoint where a
change in meat consumption is particularly extensive. By doing so, my investigation
could highlight which geographic regions are so heavily deforested that primates must
resort to increasing their meat intake to avoid starvation. These areas could then be
targeted for increased conservation measures. Considering that meat is such a rarely

consumed food item, understanding the ecological relationship between primates and
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meat consumption can help conservationists understand primate habitat requirements.
Additionally, my research may help increase awareness of predator-prey interactions.
Increased meat consumption by primates could potentially affect the ecosystem if they
are over-hunting prey. Below I present background information relevant to the above
research project.
1.1.2 A BRIEF HISTORY OF PRIMATE EVOLUTION
The ancestors of modern primates (Euprimates) appeared 50-55 million years ago (MYA)
at the start of the Eocene (55-33 MYA), in a climate much warmer than North American
and European climates today (Fleagle, 2013). Average daily temperatures reached 30°
Celsius and tropical and sub-tropical forests covered the world, which facilitated the
radiation of flowering plants (Erikkson, 2014). Early primates flourished under these
conditions and filled the seed-disperser niche in North America, Africa, and Eurasia
(Gingerich, 2012; Sussman, 2013). Primates were able to spread globally during the
Eocene due to the lack of polar ice and the presence of land bridges (Gingerich, 2012).
Strepsirrhines and Haplorhines diverged soon after the appearance of Euprimates
(Gingerich, 2012). Strepsirrhini is a suborder comprised of extant lemuriforms, galagos
and lorisiiforms while Haplorhini encompasses Apes as well as old and New World
monkeys (Fleagle, 2013). Paleoanthropologists have uncovered the oldest fossils thus far
of tooth-combed strepsirrhines, which date from 41-37 MYA, in Africa (Fleagle and
Gilbert, 2013). The earliest haplorhine-like fossils, referred to as Omomyiforms and
discovered in Asia, date to 45 MY A (Fleagle and Gilbert, 2013). These primates were
similar to extant tarsiers (Tarsiidae) with a rounded skull, large eyes and tarsier-like

limbs for leaping (Cartmill and Smith, 2011). They also had morphologically primitive
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traits such as bony ear canals and large gaps between the upper incisors (Cartmill and
Smith, 2011). The Earth’s temperatures dropped and environments changed from tropical
to temperate forests at the end of the Eocene (33 MYA)(Fleagle, 2013). The sea level
lowered as a result of glaciation at the Earth’s poles and continents moved towards
present-day alignments (Fleagle, 2013). The cooler temperatures at the end of the Eocene
resulted in a mass mammalian extinction event and led to the extinction of North
American primates (Gingerich, 2012;Fleagle, 2013).

By the Oligocene (33-21 MY A) haplorhines were the dominant primates in Africa
and diverged into two groups: catarrhines (Old world Monkeys and Apes) and
platyrrhines (New World monkeys) around 33 MYA (Fleagle and Gilbert, 2013). Extant
platyrrhines live in South America while catarrhines live in Africa and Asia (Ganzhorn et
al., 2009; Fleagle, 2013). Primatologists posit that platyrrhines reached South America by
rafting (Perez et al. 2013). The Atlantic Ocean’s currents and the lowered sea level
allowed the platyrrhines to cross the Atlantic by floating from island to island on natural
vegetative rafts (Perez et al. 2013). The oldest platyrrhine fossils, which have primitive
skeletons but exhibit extant platyrrhine dentition, are from South America and date to 25
MYA (Godinot, 2015). By the Oligocene’s end, cercopithecoids (Old World monkeys)
were abundant in Africa and possibly diverged with hominoids 25 MY A (Stevens et al.
2013).

Eurasia, Africa, and Madagascar became warmer in the Miocene (23-5 MYA) but
northern continents cooled (Knorr et al. 2011). Africa and North America also became
arid (Begun et al. 2012). Some parts of Eurasia also became arid but others retained moist

forests (e.g. deciduous forests) (lvanov, 2011). The first hominoid fossils, found in East
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Africa, date to 23-16 MY A (Fleagle, 2013). One superfamily from the early Miocene is
Proconsuloidea, an arboreal quadruped neither completely monkey or ape-like (Begun,
2012). Proconsul did not have the elongated forelimbs associated with extant apes but
had changes in the elbow that correspond with using suspensory locomotion without a
tail (Begun, 2015).

In the middle Miocene, temperatures in Africa, Eurasia and North America, dropped
even further and the Atlantic ice sheet expanded, lowering the sea level again (Knorr and
Lohmann, 2014), and these lower sea levels affected primate dispersals. The Tethys
Seaway, which linked the northern Atlantic to the Indian Ocean, was a marine barrier that
prevented mammals from migrating between Africa, Europe and Southwest Asia in the
early Miocene (Begun et al. 2012). The lower sea levels eliminated the Tethys Seaway,
and created land bridges that enabled ape dispersals between Africa, Asia and Europe 17
MYA (Begun et al. 2012). Miocene apes with thick enamel and large jaws adapted to
various Eurasian habitats (e.g. deciduous and grasslands) and persisted in Eurasia until
the end of the Miocene (Begun, 2015). For example, Asian Sivapithecus and European
Dryopithecus had strong jaws, large molars, and bladelike canines (Ward, 2015). At the
end of the Miocene, the trend of cooling and drying intensified to the point that more
tropical forests converged into woodland and temperate forests (Begun et al. 2012). Many
fauna species such as European Miocene apes could not adapt to the environmental
changes, resulting in an extinction event, known as the Mid-Vallesian Crisis (Begun et al.
2012).

1.1.3 PRIMATE DIETARY DIVERSITY

As of September 30, 2014, the International Union for the Conservation of Nature
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(TUCN) recognizes 695 primate species and subspecies. Of these, a majority are critically
endangered (IUCN Red List, 2015). The Order Primates has a wide geographical range
and exploits diverse niches. Central and South America have the highest primate density
and contain approximately one third of total primate species and sub-species (211)
(TUCN: Primate Diversity by Region, 2014). Africa is similarly rich in primates and is
host to 197 species and sub-species (IUCN: Primate Diversity by Region, 2014). There
are 183 species and sub-species inhabiting Asia and 105 lemuriforms in Madagascar
(IUCN: Primate Diversity by Region, 2014). Within these areas, primates exploit a
number of ecological terrains from dry-arid savannahs and humid evergreen forests to
cold mountainous regions (Kamilar et al., 2013).

The diversity of primate species is characterized by a number of biological and
behavioural adaptations, some of which can vary within the same species (Gouevia et al.,
2014). There are many areas of primate research that investigate these variations
(Clutton-Brock and Janson, 2012). One such area is primate feeding ecology, which
addresses the relationship between the environment and primate feeding behaviour
(Nakagawa et al., 2009).

Primate diets are difficult to study and complex in composition. They are “variable in
content, affected by seasonal habitats, and can change over time” (Hohmann et al.,
2006:5). Primate diets include folivory, insectivory, gummivory, grannivory, carnivory,
and frugivory (see Table 1.1). Some species are specialized and exclusively consume
food within their dietary category; however, several species can switch from being
frugivorous to folivorous depending on season, effectively transcending these narrow

classifications (Hanya and Chapman, 2013). For example, common brown lemurs
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(Eulemur fulvus) and geoffroyi spider monkeys (Atles chamek) can switch from a fruit-
based diet to a leaf-based diet depending on food availability (Johnson, 2007; Chaves et
al. 2012). Some primates consume food that their digestive systems cannot accommodate
by modifying their behaviour to consume the desired food item. Howler monkeys
(Alouetta spp.), for example, are behavioural folivores that reduce their energy
expenditure and selectively eat digestible young leaves to account for their lack of
specialized gut features for digesting fibrous cellulose of older leaves (Hohmann, 2009).
To understand dietary complexities, primatologists focus on a primate’s ability (both
cognitive and physical) to exploit resources in their environment and in turn, influence
their environment through seed-dispersal (Hohmann et al. 2006).

Evaluating seasonal fluctuations in resources can help primatologists understand the
relationships between ecosystems and primate diets. Dietary composition can differ
amongst habitats (even intra-specifically) based on the types of vegetation found within
each habitat (Macho, 2014). Hunt and McGrew (2002) noted that chimpanzees (Pan

troglodytes) in wetter habitats have a broader diet than those in savannah habitats.

Primates that reside in seasonal habitats (e.g. deciduous forests) face dry seasons where
food abundance is low (Brockman and van Schaik, 2005). Some primates respond to
seasonality by shifting their diets to low quality resources (such as bark) and remain
within their habitat (Chaves et al., 2011). Other primates modify their behaviour by
dispersing to find high quality food that is patchily distributed (such as fruit) (Kanamori
et al., 2010). During the late 1960s and 1970s, studies including Struhsakher’s (1967) on
vervet monkeys (Cercopithecus aethiops) and Clutton-Brock’s (1975) on red colobus

(Colobus badius tephrosceles), suggested that there is an inverse correlation between
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food availability and range area. As resources deplete with changing ecological
conditions, primates, specifically larger primates, will increase their home range (Pearce
et al., 2012). However, Kelley (2013) pointed out that this pattern is variable and dry-
adapted primates in particular will stay close to water and therefore decrease their home
range.

Different morphological adaptations also enable primates to remain within a home
range during periods of food scarcity. Kay (1984), Masterson (1996) and Wright et al.
(2005) highlight how tufted capuchins’ (Cebus apella) large mastication muscles and
general cranio-facial morphology enables them to process hard foods, such as palm fruits,
in times of low food abundance. Red uakaris (Cacajao calvus) also use specialized broad
molars and large canines to consume the husks of unripe fruit (Bowler, 2011) while
colobines such as black and white colobus (Simia polycomos), have sacculated stomachs
(a stomach with four chambers) to digest leaves efficiently (Chapman et al. 2002).

Despite behavioural and morphological adaptations, primates now face extinction due
to increased anthropogenic deforestation. It is important to assess critical food sources
and understand how primates utilize their habitats for conservation efforts. Each year
approximately 13 million hectares of tropical forests are lost due to habitat degradation
(Benchimol and Peres, 2014). Primary forests are converted into a mosaic of fragmented
forests interspersed with farmland and urban centres (Campbell-Smith et al., 2011). The
expansion of agriculture, logging, palm-oil plantations, and human populations are a
threat to primate persistence worldwide (Vasudev et al., 2015).

As fruiting trees are removed, the natural landscapes utilized by primates no longer

contain sufficient primate food sources. Furthermore, the fragmentation of forests
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threatens primates with poor dispersal abilities (Menard et al., 2014). In response to
environmental changes, primates that exhibit dietary plasticity alter their diet to
correspond to a restructured environment (Baranga et al.2012). Studies that evaluate the
changes in primate diets due to the destruction of habitat primarily focus on herbaceous
vegetation, fruit consumption, and cultivated crops. For example, Campbell-Smith et al.
(2011) looked at the increased consumption of jackfruit and rubber tree bark by Sumatran
orang-utans (Pongo abelli) in an agroforest system. Menard et al. (2014) evaluated
Barbary macaques (Macaca sylvanus) subsistence on acorns and herbaceous leaves in a
human-modified cedar-oak forest.

The navigation of anthropogenic landscapes by primates also encourages crop raiding.
Primates consume cultivated plants to compensate for the loss of the plants they
originally ate in their forested habitat (Canale et al. 2013). Farmers often view the
primates as pests and shoot them to prevent the destruction of their crops (Riley, 2013;
Guiness and Taylor, 2014), for example, Kibaja (2014) noted that farmers shot Ashy red
colobus (Piliocolobus tephrosceles) that ate their bean seeds in Mbuzi, Africa. Hunting
related to crop raiding affects endangered primates because their populations are already
low. For instance, Sumatran and Bornean orang-utan populations have each declined to
around 6600-7000 animals (Abram, 2015). Campbell-Smith et al. (2012) found that 10%
of farmers in Batang Serangan, Sumatra shot orang-utans as a response to crop damage
and Meijaard et al. (2011) reported that humans killed 1,750 Bornean orang-utans in
2010. In light of the already endangered status of Sumatran orang-utans, even a few
deaths can dramatically impact population recovery. The population suffers reduced

genetic variability, impacts their ability as a species to adapt to changing environments,
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and individuals become isolated, decreasing mating opportunities (Abram, 2015).
Additionally, due to primates’ slow life histories, even when reproduction is successful,
population growth takes a long time (Meijaard et al.2011).

One area of primate diets that has seen very little research is that of the ecological
patterns of large invertebrate and vertebrate consumption by primates. Moreover, there is
little research which questions if the consumption of large invertebrates and vertebrates
(hereafter referred to collectively as “meat’) has changed due to the conversion of natural
forests into anthropogenic landscapes. Large invertebrates include animals such as
mollusks, crabs and millipedes, while vertebrates encompass small to medium sized
mammals, reptiles, amphibians and birds (Watts, 2012; McGrew, 2014).

Folivorous primates rarely consume meat, while insectivores, frugivores and omnivores
are known to consume varying amounts of meat. However, the only 100% carnivorous
primate is the nocturnal tarsier (Raubenheimer and Rothman, 2014). Tarsiers prefer the
tropical understory where there is an abundance of arthropods, lizards, snakes, and frogs
(Gursky, 2002; Merker and Yustian, 2008). Tarsier morphology is unique amongst
primates, which allows this specialized diet. Tarsiers are small-bodied like other
nocturnal primates (see section 1.1.1), but they also have very generalized stomachs (with
a short caecum), use vertical clinging and leaping locomotion, and exhibit eye
morphology adapted for nocturnal vision and hunting (Crompton 2010; Rosenberger and
Prueshoft, 2012). Vertical clinging and leaping enables tarsiers to quickly pounce on their
prey and increases capture efficiency (Crompton, 2010). Tarsiers’ uniquely developed
fovea, which consists of an all-rod retina, also intensifies visual acuity for capturing prey

(Jablonski, 2003). For instance, it permits tarsiers to capture stationary prey whereas
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other nocturnal primates rely on movement to locate prey (Siemers et al., 2012). The
adaptation of the fovea “provides tarsiers with the most acute vision of all primates”
(Jablonski, 2003:44). Tarsiers also exhibit jaw morphology that-has-developed differently
from many primates (Jablonski, 2003). The large jaw adductors (M.temporalis) facilitate
wide jaw opening and forceful closure, which allows tarsiers to consume their prey whole
(Jablonski and Crompton, 1994).

Both omnivore and frugivore diets consist of fruit, plants, and animal food (Hohmann et
al., 2006). The proportions of these foods however can vary between and within species.
One reason the contribution of meat to omnivore and frugivore diets has rarely been
explored is that there is generally very little meat in their diets. For instance, the diet of
collared lemurs (Eulemur collaris) that inhabit littoral forest fragments is comprised of
0.8% meat (Donati et al., 2011) and the diet of vervet monkeys (Chlorocebus aethiops)
consists of just 2.7% meat (Pruetz and Isbell, 2000). Even the diets of chimpanzees, one
of the omni-frugivores that consume the highest amount of meat, are comprised of, at
most, 7.5% meat (Fahy et al.2013).

Early research on omnivore and frugivore meat consumption was limited to
chimpanzees, baboons (Papio spp.) and capuchins (Cebus spp.). Jane Goodall made an
early observation in 1963 of Gombe chimpanzees capturing red colobus (Mitani and
Watts, 2001). Hausfater (1976) later conducted a detailed study on forty-seven predation
episodes by olive baboons (Papio anubis). During the 1970s, only captive capuchins
were observed eating meat; however, narratives by locals living near capuchin habitats
made primatologists aware that wild capuchins also ate meat (Izawa, 1978). Thus, lzawa

(1978) conducted a survey in La Macarena National Park, Colombia, of frog
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consumption by black-capped capuchins, and Butynski (1982) conducted a comparative
survey of predation patterns by primates. Since the year 2000, reports on predation by
capuchins and other primate species has increased considerably (Stewart et al., 2008).
Primatologists have proposed a number of hypotheses to explain predation by primates.
Early hypotheses inferred that there was a nutritional basis for primate meat
consumption. For instance Hausfater (1976) suggested that primates eat meat to obtain
micronutrients like vitamin B12, while Gaulin and Kurland (1976) hypothesized that
primates consume meat to obtain energy and calories, as it is calorie dense food. One
explanation proposed by Teleki in 1973 and Strum in 1981 was that primates engage in
predation when there are abundant prey species available and a low density of larger
competing carnivore species (Fedigan, 1990). Yet, Fedigan (1990) later noted that
predation still occurs at sites like Santa Rosa, Costa Rica, where carnivores are relatively
abundant. Leca et al. (2007), Stewart et al. (2008), and Strum (2012) proposed that
predation is culturally transmitted and a sign of increased cognitive abilities, although
Leca (2007) concluded that predation occurs too rarely to be transmitted across multiple
generations. Ultimately, there is no hypothesis that can explain predation for all primates

because predation varies across all primate groups.

1.2 BACKGROUND ON OMNI-FRUGIVORE DIET AND BIOLOGY

1.2.1. CLASSIFICATION OF PRIMATE DIETS

| used the dietary categories depicted in Table 1.1 to conduct my research. These
categories were taken from the literature on dietary ecology. Since I will discuss
omnivores and frugivores, | will henceforth refer to both dietary categories together as

‘omni-frugivores’ for brevity.



Table 1.1 Primate Dietary
Classifications
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young and mature leaves, as well as
fruit, flowers, plants, nectar,
lichens, seeds, bark and insects.

Diet Type Definition Source

Frugivory ~67%of the diet is fruit while the Milton et al., 2005; Schrier et al.,
rest is bark, young leaves, seeds, 2009
flowers, nectar, pollen, insects,
invertebrates and vertebrates

Folivory A diet that primarily consists of Chapman, 2013; Sayers, 2013

Frugivory-folivory

A diet that is frugivorous but
switches to folivorous during
periods of low fruit abundance

Schrier et al. 2009

Granivory

Seeds are the main staple in the
diet. Fruit and flowers are also
consumed. Leaves are not relied
upon.

Benchimol and Peres, 2014

Gummivory

Most of the diet is made up of the
saps and gums of trees. Fruit,
exudates, insects and vertebrates
are also eaten with frequency.

Thompson et al.,2013

Insectivory

Insects are the main component of
their diet, supplemented with fruit
and gums.

Gursky, 2002

Omnivory

A diet that contains ~50% fruit,
bark, young leaves, seeds, flowers,
buds, cacti, nectar, pollen, insects,
invertebrates and vertebrates.

Kamilar et al., 2013

1.2.2 GENERAL DESCRIPTION OF OMNI-FRUGIVORE DIETS

Omni-frugivores exhibit a preference towards fruit but also consume other plant parts,

underground storage organs (USO), nuts, and fauna (insects, invertebrates and

vertebrates) (Hohmann, 2009). Their dietary and behavioural flexibility enables them to

exploit domesticated crops, discarded tourist food (e.g. chicken, french fries) and garbage

(Fuentes et al., 2011; Riley, 2013). For instance, long-tailed macaques (Macaca

fascicularis) exploit the rice and chicken placed as offerings at a temple in Pendangtegal,
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Warna Wana, Bali (Fuentes et al. 2011). Although omni-frugivores diets are flexible,
meat does not make up a substantial portion of omni-frugivore diets nor is it a commonly
sought-after food item (Hohmann, 2009). Kay (1984) argued that the rapid basal
metabolic rate of primates weighing less than 500g makes insects beneficial for smaller-
bodied primates. Primates that weigh more than 5009 struggle to gain the nutritional
benefits of insects due to their slow basal metabolic rates and size (Kay, 1984). Smaller
primates have a greater surface area/volume ratio compared to larger ones and thus lose
heat more quickly (Lambert, 2002). Therefore, smaller primates use more metabolic
energy to maintain their core body temperatures, leading to a high basal metabolic rate
(Snodgrass, 2009). Smaller primates also have smaller gut volumes than larger primates
(Claus et al.2008). As larger primates increase in size, so does their gut volume and
digestion time (Clauss et al. 2008). The longer digestion time allows them to efficiently
extract nutrients from lower quality food (e.g. leaves) (Lambert, 2002). Small primates
with shorter digestion times have to consume higher quality, more digestible food in
order to absorb nutrients more quickly to produce heat and energy (Lambert, 2002).
Insects comprise the largest percentage of meat in omni-frugivore diets, even though
invertebrates and vertebrates provide more protein for omni-frugivores over 500g (Kay,
1984; McGrew, 2014; Raubenheimer and Rothman, 2014). Large invertebrates and
vertebrates are harder to exploit than insects because they are more patchily distributed,
need more energy to capture, and require specialist knowledge and techniques to exploit
the resource (e.g. hammer and anvils to break open hard shells of crabs) (Mannu and
Ottoni, 2009; Raichlen et al., 2011; McGrew, 2014). I will focus on large invertebrates

and vertebrates as they provide more protein; yet paradoxically comprise a smaller
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portion of omni-frugivore diets.

1.2.3 OMNI-FRUGIVORE DIGESTION

An omni-frugivore’s degree of adaptability is partly enabled by their physiology. The
ability of primates to absorb nutrients from plant sources is dependent upon how
efficiently they can digest these difficult to digest foods (Milton, 1999; Lambert, 2002;
Sawada et al., 2010). The nutrients in the food become increasingly potent the longer that
the food remains in the digestive tract (Caton et al., 1996; Milton, 1999; Sawada et al.,
2010) Omni-frugivores such as black-capped capuchins (Sapajus apella) and lion-tailed
macaques (Macaca silenus) exhibit fast metabolisms and a simple stomach with a single
chamber (a hindgut) (Lambert, 2002; Clauss et al., 2008; Snodgrass et al., 2009) and thus
prefer resources that are easily digestible.

Fruit is high in caloric content and sugar whereas mature leaves contain higher levels
of cellulose and secondary compounds (Wasserman and Chapman, 2003; Sawada et al.,
2010; Hanya and Chapman, 2013). Mature leaves are therefore more difficult to break
down for all hindgut fermenters than fruit (Lambert, 2002). Secondary compounds (e.g.
alkaloids and tannins) act as the plant’s defense mechanism against predators and are
toxic to many mammals (Wasserman, 2011; Sirianni et al., 2013). Alkaloids can inhibit
enzyme production and interfere with neurotransmission (Wasserman, 2011), while
tannins render protein in leaves inaccessible to animals (Chapman and Lambert et al.,
2013).

Omni-frugivores also have large colons and caecums for extended microbial
fermentation of resources (Lambert, 2002; Clauss, 2008; Sawada, 2010; Lambert, 2011).

Milton (1999) noted that apes have a larger gut volume in the colon (~45%) than humans.
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The large gut enables omni-frugivores to absorb more nutrients from plant resources than
humans (Snodgrass et al., 2009). Consequently, although humans can consume fruit and
legumes, they must supplement their diet with more meat and carbohydrates (Clauss et
al., 2008; Snodgrass et al., 2009).

1.2.4 FOOD SELECTIVITY

Initially, primatologists suggested that primates select resources that provide the most
amount of energy for the least amount of foraging time (Garber, 1984). As such, the
conclusion was that food with high energetic content equated with a high quality diet.
Conversely, more recent studies (Chaves et al., 2011; Emery-Thompson, 2013; Heesen et
al., 2013) suggest that high energy and caloric content alone do not equate with a high
quality diet. Primate resource selectivity is influenced by 1) protein-to-fibre ratios, 2)
macro and micronutrients, and 3) avoidance of secondary compounds in conjunction with
energetic content of a resource (Felton, 2009; Zhao et al., 2013). | discuss protein to fibre
ratios in more detail below.

Primates select food items that have a higher proportion of protein compared with fibre
(Wasserman and Chapman, 2003). Protein controls metabolic reactions, comprises
hormones and structural molecules, and replicates DNA (Hinde and Millegan, 2011) and
primate diets must contain at least 7-11% of protein to sustain their bodily functions
(Chapman and Wasserman, 2003; McGrew, 2014). Nitrogen is an element of amino acids
that primatologists use to analyze protein content in food sources (Felton et al., 2009;
Zhao et al., 2013). There must be at least 1.1-1.8 % nitrogen in fruit and leaves for a
primate to adequately absorb enough sustainable protein (Ganzhorn et al., 2009).

High fibre in an individual’s diet effectively limits protein absorption (Rode et al., 2006;



24

Hanya et al., 2011; Kayode et al., 2012). Omni-frugivores often select young leaves and
fruit because these contain more protein and less fibre compared with mature leaves
(Chapman et al., 2002). As such, omni-frugivores do not need to consume a substantial
amount of meat to obtain sufficient protein, since there are usually easily accessible
protein-rich plant sources available (Hohmann, 2009). However, Hofrieter et al., (2010)
and Oelze et al., (2011) suggested that there is an inverse correlation between meat
ingested by bonobos (Pan paniscus) and protein availability in plants: bonobos consume
more meat in habitats where the protein levels of plant sources are low. Few studies that
focus on meat eating amongst primates also include the protein contributions from plant

resources, and therefore conclusions are still tentative.

1.2.5 OMNI-FRUGIVORE BIOENERGETICS AND ACTIVITY BUDGETS

The energy conservation hypothesis suggests that primates are constrained by how
much nutrition and energy an individual can gain from the environment (Wright, 1999;
Snodgrass et al., 2009; Raichlen et al., 2011). Energy conservation affects the activity
budgets of primates. Activity budgets are defined as “the way that a given primate
species strategically allots time to key activities (such as feeding, resting and traveling)”
(Vasey, 2005: 24), and are directly related to primate metabolism and to energetic needs
that change across seasons or reproductive stage (Vasey, 2005).

Hunting involves a considerable portion of omni-frugivore daily activity budgets when
they engage in it (Hladik et al., 1999; Clauss et al., 2008). Large invertebrates and small-
medium vertebrates can move quickly, and can also attack the primate as an anti-predator
strategy (McGrew, 2014). These prey characteristics make the prey more energetically

costly to exploit compared to fruit. For example, Hohmann and Fruth (2008) noted that at
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Lui Kotamba in the Democratic Republic of Congo, bonobos (Pan pansicus) spend over
two hours to catch duikers (a medium sized antelope). There is also the risk that the prey
will not actually be captured and the energy spent by the predator to hunt will be wasted
(Young et al., 2012; McGrew, 2014).

Forest type can affect the probability of catching prey (Hohmann, 2009). Rose (1997)
suggested that it is easier to catch prey in drier forests as well as secondary forests. She
noted that the secondary forests in Santa Rosa, Costa Rica contain patchily distributed
trees that are all in different stages of regeneration. The semi-cleared forests and
reduction in canopy density increases the visibility of the prey (Rose, 1997). Wet tropical
rainforests, such as the Tai Forest in Cote d’Ivoire have denser tree canopies compared to
drier forests (Boesch, 1994). As a result, omni-frugivores in drier forests expend less
energy catching prey and increase the likelihood of success (Rose, 1997; Hohmann,
2009).

To offset the cost of reduced visibility in a wet forest, some primates adjust their
hunting strategies through cooperative hunting and by increasing the size of hunting
parties (Gilby and Wrangham, 2007; Young et al., 2012). Cooperative hunting occurs
“when a hunter hunts with a companion” (Boesch et al. 1994: 653), and serves to pool a
troop’s energy together to minimize individual energy expenditure and the time spent
hunting (Strum, 2012). Pooled energy is defined as “subsidized energy in the form direct
calorie subsidies or division of labour” (Kramer et al., 2010:139). By reducing the time
spent on hunting through increasing the number of participants, omni-frugivores can
conserve their energy (Raichlen et al., 2011). The Tai Forest chimpanzees in Cote

d’lvoire, form hunting parties of approximately ten males, whereas chimpanzees that
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inhabit open woodland and gallery forests in Gombe and Mahale Africa form smaller
hunting parties (on average eight chimpanzees) (Uehara et al., 1997).

The size of both primate and prey also affects a primate’s energy expenditure and
hunting strategy. Small omni-frugivores that weigh less than 500g, such as tamarins
(Saguinus spp.) and marmosets (Callithrix spp.) can hunt smaller prey (e.g. lizards,
snakes, and squirrels) independently for a low energetic cost and high caloric return
because they are quick and their prey are comparatively large to their bodies (Cunha et al.
2006; Nadjafzadeh et al. 2008). Larger Omni-frugivores, such as chimpanzees and
baboons, have slower basal metabolic rates and physical speeds, tend to consume large
(around 0.45kg) prey in order to receive enough protein but require cooperation with
other hunters to offset the cost of exploiting these large species (Uehara et al., 1997). For
instance, male yellow baboons (Papio cynocephalus) that generally weigh ~24 kg, use
cooperative hunting to capture gazelles, which are heavy and can outrun a single baboon
(Hohmann, 2009).

1.3 RELATIONSHIP BETWEEN ECOLOGY AND OMNI-FRUGIVORE DIET

1.3.1 ECOLOGICAL VARIATION AND DIET

Primates evolved as seed dispersers (Jordano et al., 2011; Tsuji et al., 2011) and are
adapted to eat fruit and leaves rather than meat, which may explain why they have a low
percentage of meat typically in their diet (Chapman et al., 2013; Hanya and Chapman,
2013; Rosenberger et al., 2013). Sussman (1991) posited that the role of seed dispersal by
primates arose because Euprimates co-evolved with angiosperms around 80 million years
ago. The warming trend and shift to tropical conditions culminated in an adaptive

radiation of new flowering plants and primates at the end of the Paleocene (Sussman et
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al. 2013). Ancestral primates filled the niche, aiding in the germination of angiosperms
(Sussman et al., 2013).

Primates assist in maintaining their habitat through niche construction as seed
dispersers (Fuentes, 2012). As defined by Fuentes, “niche construction is the altering or
building of a niche via the mutual interaction between an organism and their
environment” (Fuentes, 2012:110). Omni-frugivores account for approximately 60-80%
of regeneration cycles in plants (Jordano et al., 2010; Hawes and Peres, 2013; Albert et
al., 2014). Primates support plant regeneration by spreading seeds through their faeces
(Chapman et al., 1995; Zarate et al., 2014; Gonzalez-Zamora et al., 2014). They also
propagate plants by spitting out un-masticated seeds or discarding indigestible seeds
(Chapman et al. 1995; Lambert and Garber, 1998; Stevenson, 2000; Beaune et al.,
2013;Razafindratsima et al. 2014).

Omni-frugivore diets can vary according to the niche they help construct. In savannah and
woodland habitats tree diversity per hectare can be as low as one or two species
compared to wet tropical evergreen forests, which can contain over 200 species per
hectare (Singh and Sharma, 2009; Dominguez-Rodrigo, 2014; Macho, 2014). Woodland
dwelling primates such as olive baboons (Papio anubis) (Kunz and Linsenmair, 2007)
and vervets (Chlorocebus aeithops) (Pruetz and Isbell, 2000) consume more grasses and
USOs compared to those in tropical habitats and thereby spread more grass seeds than
tree seeds (Sing and Sharma, 2009). Conversely tropical primates consume more fruit and
leaves and thus disperse more seeds of fruiting tree species.

The nutritional content of resources across continents and within habitats can also contribute
to variation in diets. For instance, the protein synthesis of native plant life across

continents is affected by a multitude of factors including temperature, moisture and soil
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composition (Ganzhorn et al., 1992; Gonzalez-Zamora et al., 2011). Soil salinity can
inhibit protein absorption within plant resources as it reduces leaf surface area,
preventing photosynthesis (Vranova et al., 2011). Primates across continents and habitats
therefore have access to a variety of resources that contain variable amounts of protein. A
notable example is that fruit growing in Central and South America contains more protein
compared to fruit in Madagascar (Ganzhorn et al., 2009).

Wet tropical evergreen forests also contain plant resources that differ in protein
concentrations based on the elevation of the canopy and the plant’s position in the forest
(often referred to as the canopy effect) (Ganzhorn et al., 1992; Chapman and Rothman et
al., 2012). Plants are able to create their own nutrients through photosynthesis, where the
chlorophyll in leaves absorb solar energy and use it to convert water and carbon dioxide
into sugar (Hill, 1970; Ganzhorn et al.1992). When a plant absorbs too much sun it
transforms extra sugars into starch and then breaks the starch molecules down into other
compounds like protein and fat (Ganzhorn et al.1992). The canopy effect suggests that
the leaves located in the upper and mid-portion of the canopy have access to more
sunlight, and thus consist of more protein compared to plants in the understory
(Ganzhorn, 1995; Chapman and Rothman, 2012). Thus, arboreal primates in the upper
portion of the canopy gain access to resources containing more protein. In Salonga
National Park, D.R.C, dryas guenons (Cercopithecus dryas) located in higher portions of
the canopy have elevated levels of protein in their diet compared to sympatric bonobos,
who consume food primarily on the ground (Oelze et al., 2011).

1.3.2 RESPONSES TO RESOURCE SCARCITY

Seasonality is linked to ambient temperature and rainfall within a habitat. There is a
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positive correlation between rainfall and food availability (Gonzalez-Zamora et al.,
2011), therefore primate food availability fluctuates during wet and dry seasons in most
habitats (Hanya et al., 2013). The increased moisture during wet seasons enables plants to
receive the nutrients they require to grow (Chaves et al., 2012). In tropical rainforests
such as those in Guyana for instance, rainfall nearly doubles during wet seasons (Pereira
et al., 2014). As such, a majority of omni-frugivores reside in lush forests during wet
seasons, with access to an abundance of resources (Wallace et al., 2005; Swedell et al.,
2008).

The nutritional composition of resources can change across seasons. Forests contain
fewer protein-rich plant sources during dry seasons than wet seasons (Lambert, 2009;
Gould et al., 2011; Hanya et al., 2011). Chapman and Rothman et al. (2012) noted that, in
seasonal dry forests, the protein content in fruit and leaves is commonly 43% lower in dry
seasons than wet seasons. For example, in Tsinjoarivo, Madagascar, the protein content
of young leaves consumed by Diademed sifakas (Propithecus diadema) dropped from
14.5% (+/- 6.4) in the abundant season to 12.4% (+/- 6.9) in the lean season (Irwin et al.
2013) and in Gashaka, Nigeria, chimpanzees can access fruit with less than 5% protein
during dry seasons compared to 9% in wet seasons (Hohmann et al. 2010).

The study of fallback foods and keystone resources are common approaches to
understanding primate responses to food shortages (Chapman and Lambert et al., 2013).
For the purposes of my thesis, fallback foods are defined as: food exploited during
periods of low food abundance (Marshall and Wrangham, 2007). Keystone resources are
defined as: resources that are important to the persistence of many species in a

community, even though the resource may be rare or scarcely available (Constantino and
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Wright, 2009). Primates feed on mature leaves, piths, and other herbaceous vegetation
when food is scarce (Marshall and Harrison, 2011). Recently, Marshall and Harrison
(2011) noted that the dietary quality of fallback foods might not be consistent across
primate taxa due to variation in morphology, behaviour, and plant species available
within a habitat. As such, there are no fallback foods that are attributed to all primates
(Chapman and Lambert et al, 2013). Moreover, omni-frugivores are unable to subsist
long term on a single fallback food (Hanya and Chapman, 2013). Although primates can
acquire specific nutrients from a resource, no food item provides an adequate diet with all
the right proportions of nutrients (Altmann, 2009). Instead, primates consume multiple
food items that are still available during food shortages (Chapman and Lambert et al.,
2013).

Meat for instance is a high quality food item that is consumed by omni-frugivores at a
greater frequency during periods of food scarcity and some researchers thus hypothesize
it to be a fallback food (Hohmann, 2009). A majority of primates consume prey during
dry seasons to account for the lack of nutrients present in plants (Surbeck and Hohmann,
2008; Hohmann, 2009; Hofrieter et al., 2010). For example, during dry seasons white-
faced capuchins (Cebus capuchinus) consume infant white-nosed coatis (Fedigan, 1990;
Rose, 1997; Palmiera and Pianca, 2012), bonobos eat duikers (Hohmann and Fruth, 2008;
Surbeck et al.2008), and western black-crested gibbons (Nomascus nasutus) consume
lizards in the winter (Fan et al. 2011). In contrast however, some omni-frugivores vary
intra-specifically in their seasonal preference for meat and as such is not a fallback food
for these species. Chimpanzees in the Tai forest consume red colobus during wet seasons,

while chimpanzee populations at Ngogo, Uganda consume red colobus in dry seasons
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(Boesh, 2002; Gilby et al., 2008). Some omni-frugivores consume prey regardless of the
season. Common brown lemurs that reside in a gallery forest of southern Madagascar
have been observed consuming meat resources such as chameleons and infant ring-tailed
lemurs throughout all seasons (Jolly et al. 2000; Simmen et al. 2003).

In the 21% century deforestation has removed critical keystone resources (e.g. Ficus
spp.,) as forests are cleared for human use (Oates, 2013). It is estimated that between
1990 and 2012 over 149 million hectares of forest were lost due to deforestation
worldwide (Estrada, 2013). According to The IUCN (2014), 56% of primate species are
critically endangered. In fact, 94% of Madagascar’s lemur species are vulnerable to
extinction (Magiera and Labanne, 2014; Schwitzer et al., 2014). Habitat loss has caused
intra and inter-specific competition in primate communities due to increased encounters
with conspecifics and other primates at confined borders and forest fragments (Oates,
2013). As global deforestation has removed keystone resources, reports of meat
consumption have increased in primate literature. Most of these observations have
occurred in fragmented forests where there are fewer resources (Carretero-Pinzon et al.,
2008; Stewart et al., 2008; Hardus et al., 2012).

1.4 PREDICTIONS
1.4.1 NICHE AND HABITAT VARIATION IN MEAT CONSUMPTION

Niche separation is “the spatial and dietary separation of sympatric species in a single
habitat through the occupation of different strata in the forest canopy” (Zhao et al., 2014:
125). Niche separation evolved as a mechanism to reduce resource competition (Zhao et
al., 2014). Resources that are located at a higher elevation within the canopy are more

diverse than resources on the ground (Oelze et al., 2011); therefore, arboreal omni-
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frugivores can access a greater diversity of plant species in the canopy due to their
morphological adaptations for moving on thin branches (McGraw and Daegling, 2012).
Terrestrial omni-frugivores also have longer daily path lengths than arboreal primates,
which could increase their chances of encountering prey (Hemingway and Bynum, 2005).

Omni-frugivores that live in tropical or deciduous forests consume more flowers and
fruit species compared to those in drier habitats (Brockman and van Schaik, 2005). Some
omni-frugivore species can also occupy multiple habitats and exhibit different diets based
on the resources available (Hill and Dunbar, 2002). Olive baboons in Kibale National
Park, Uganda inhabit moist semi-deciduous forests (Johnson et al. 2012), which contrasts
with olive baboons in Laikipia, Kenya which are found in woodland habitat (Barton and
Whitten, 1994). The olive baboons in Kibale select food low in hemi-cellulose, and they
do not select food for protein to the same extent as those in Kenyan woodland habitats
(Johnson et al., 2012). There are few potential prey items that live in savannah habitats,
as drier habitats are a harsh environment in which to survive (Dominguez-Rodrigo, 2014;
Macho, 2014). Nevertheless, since savannah habitats contain few tree species, there is
improved visibility for omni-frugivores to observe prey (Rose, 1997; Dominguez-
Rodrigo, 2014). The shrubs and sedges within woodland and grassland habitats are also
shorter in height compared to trees in the wetter forests, for example Acacia spp. are just
1.5-3.0 metres in height (Pruetz et al., 2000) while palm trees in a Peruvian tropical forest
are 28 metres in height (Palmenteri et al. 2012). This shorter tree height in dry forests
increases primate visibility, useful for hunting (Pruetz et al., 2000).

Dry forests can be exposed to lengthy dry seasons, which reduce fruit biomass and

changes forest structure (Hanya et al., 2013). For example, western and southern
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Madagascar dry forests are susceptible to hot lengthy dry seasons that cause droughts and
scarcity of high quality plant sources for the primates living within them (Gould et al.
1999; Gould et al., 2003; Ratsimbazafy, 2007; Sato, 2013). A majority of omni-
frugivores seem to consume more meat during dry seasons (Hohmann, 2009;
Raubenheimer and Rothman, 2014; McGrew, 2014), and a lack of plant protein might be
a contributing factor to this trend (Oezle et al., 2011). Currently, there is limited research
on niche separation and habitat choice in relation to meat consumption by omni-
frugivores. One question that has yet to be investigated is: do omni-frugivores consume
varying amounts of meat based on their strata occupation, habitat choice or season?

Based on the theories and examples above, | make the following testable predictions:

PREDICTION 1: | predict that arboreal omni-frugivores include a significantly lower percentage of
meat in their diets compared to terrestrial omni-frugivores. Since the resources within the canopy are
diverse, arboreal primates can already access an abundance of plants with adequate levels of protein
(Rose, 1997). Therefore, arboreal omni-frugivores do not require meat as a nutritional supplement to the
same extent as those on the ground. | further predict that there is a positive correlation between daily path
lengths of terrestrial omni-frugivores and the percentage of meat in their diets. The longer daily path
lengths of terrestrial omni-frugivores (Hemingway and Bynum, 2005) may offer more opportunities for
prey encounters.

PREDICTION 2: 1 predict that omni-frugivores residing in drier habitats exhibit a significantly higher
percentage of meat in their diets compared to those inhabiting wet-evergreen and deciduous forests. The
enhanced visibility and few plant resources within drier habitats increase the chances of catching prey,
which in turn influences the higher percentage of meat within most terrestrial omni-frugivore diets
(Fedigan, 1990; Rose, 1997).

PREDICTION 3: I predict that there is a positive correlation between the percentage of meat in the diets
of omni-frugivores and dry seasons associated with seasonal habitats. The reduction in fruit biomass that
occurs during dry seasons increases a primate’s susceptibility to nutritional deficiency (Ganzhorn et al.,
2009). As such, omni-frugivores will increase the percentage of meat in their diets during dry seasons.
There will also be a greater proportion of dry season hunters to accommodate resource scarcity.

1.4.2 RELATIONSHIP BETWEEN PROTEIN AND MEAT CONSUMPTION
Primate food preference is influenced by the protein availability in the resources that
are available in their habitat (Ganzhorn et al., 2009; Hanya et al., 2011). For example, in

Madagascar, there are more folivorous primates than in South America and Asia, because
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the protein content is higher in Malagasy leaves compared to fruit (Ganzhorn et al.,
2009). In contrast, South American and Asian forests contain more frugivorous primates,
as the protein content is higher in neo-tropical fruit compared to leaves (Ganzhorn et al.,
2009). The continent that a frugivore inhabits thus affects its access to protein-rich plant
resources. Frugivores with less access to protein-rich plant sources might consume more
meat as a dietary supplement. Since primate food preference is influenced by the protein
availability in plants (suggested by Ganzhorn et al., 2009), one question that still requires
more research is: does the protein content in plants affect the amount of meat consumed

by primates? Below is the testable prediction that I will use to examine this question.

PREDICTION 4: | predict that there is an inverse correlation between high protein content in plant
resources and the percentage of meat in omni-frugivore diets. Thus, omni-frugivores inhabiting Africa,
Madagascar and Asia will have a significantly higher percentage of meat in their diets compared to neo-
tropical omni-frugivores because such forests contain fewer protein-rich plant sources.

1.4.3 DIVERSITY OF HUNTING STRATEGIES

Omni-frugivores that opportunistically hunt for meat rely on their own energy to catch
their prey, thus it is physiologically costly if there is no return (Hohmann, 2009).
Moreover, hunting individually leaves less time to rest and socialize (Sato, 2013).
Primates that hunt cooperatively (e.g. baboons) are able to pool their energy and hunt
more often (Hohmann, 2009; Strum, 2012; Emery-Thompson, 2013). Furthermore, omni-
frugivores that hunt cooperatively sometimes share meat with other troop members (Leca
et al., 2007). In omni-frugivore species, there are sex differences when hunting for meat
(Rose, 1997). Because lactation is energetically costly for females, they tend to conserve
energy by reducing transit and foraging times, and thus forgo meat for other accessible
plant foods (Brockman and van Schaik, 2005; Hohmann, 2009; Murray et al., 2009).

However, meat sharing in chimpanzees, for example, offers some females opportunities
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for meat intake by acquiring meat from males (Hohmann, 2009; Surbeck et al., 2009). In
some primate species the non-gestating females hunt, e.g. non-gestating female bonobos
are known to be the primary hunters compared to males (Hohmann and Fruth, 2008), and
there are female hunters in many baboon species (e.g. olive, yellow and chacma baboons)
(Strum, 1975; Akosim et al., 2012). Much research has been conducted on the behaviours
involved with cooperative hunting, opportunistic hunting and meat sharing (e.g. Boesch
et al.1994; Rose, 1997; Mitani and Watts, 2001; Gilby et al. 2007; Strum, 2013), however
no researchers have asked the following questions: what is the difference in the amount
of meat consumed between opportunistic and cooperative hunters? Do meat-sharing
species ingest more meat? Based on the theories above, | will examine this question and

make a prediction below.

PREDICTION 5: I predict that there is a significantly higher percentage of meat in the diets of
cooperative hunters. Meat sharers also consume a significantly higher percentage of meat. Cooperative
hunting decreases the energy expenditure of one individual through pooled energy, which therefore
increases the opportunities for successfully capturing prey and meat sharing (Hohmann, 2009; Strum,
2012; Emery-Thompson, 2013).

1.4.4 MEAT CONSUMPTION AND DEFORESTATION

Fragmented forests decrease the home ranges of primate species, while simultaneously
increasing the potential for intergroup encounters, feeding competition between primate
groups, and prey-predator interactions (Amsler and Watts, 2013; Chapman et al., 2013;
Gilby, 2013). As critical keystone resources and tree species are removed, omni-
frugivores are left with fewer protein sources. Vertebrate prey is a food source that is
available to omni-frugivores residing in these anthropogenically-modified habitats.

Butynski (1982) noted that during the 1970s there were fewer than 450 observed
instances of vertebrate predation, with 220 attributed to baboons and 143 associated with

chimpanzees. However, in the 21% century, primates previously considered to be non-
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meat eaters, such as black-crested gibbons, have now been observed consuming prey (see
Fan et al. 2009; Fan and Jiang, 2009; Hardus et al. 2012). Moreover, omni-frugivores that
are identified as meat-eaters have now being observed eating different prey items than in
the past (Stewart et al., 2008). Most of these sightings have occurred in habitats with few
resources. For example, Young et al. (2012) observed that Barbary macaques in Atlas
Mountains of Morocco had never been observed eating meat but now hunt and consume
rabbits, birds, and eggs. Such meat consumption was reported after human expansion in
the early 2000s forced Barbary macaques higher into the mountains (Young et al., 2012).
Stewart et al. (2008) suggested, however, that the increased observations of meat
consumption are in fact due to primatologists paying more attention to their animal
subjects. I must keep methodological bias in mind when conducting my research. New
methods in focal animal sampling such as web-cams have enabled primatologists to
watch their subjects for increased periods of time (e.g. Tan et al., 2013; LaFleur et al.,
2014; Pebsworth et al., 2014). Leca et al. (2007) used web-cams to observe a population
of Japanese macaques (Macaca fuscata) scavenge fish on Koshima Island, a rare event.
In relation to the theories and examples discussed above, a question yet to be explored is:
has the percentage of meat in primate diets increased over the past 45 years? If so, is
increased meat consumption related to deforestation or is it a sampling artifact connected
to newer technology and methods used by primatologists? Below is my prediction with

regards to this question.

PREDICTIONG: | predict that the percentages of meat in omni-frugivore diets have risen significantly in
the past 45 years, particularly in areas of human expansion and disturbance. Such an increase may have
occurred because keystone plant food resources, a former source of protein, have decreased due to habitat
disturbance.
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CHAPTER 2: RESEARCH METHODOLOGY
2.1 STUDY SUBJECTS

My study subjects are diurnal omnivorous-frugivorous primates. As there are many omni-
frugivore primates, | created a list of omni-frugivore species based on the characteristics
described in chapter one. | also referred to the descriptions of primate diets available on
the Primatelnfo Database (see http://pin.primate.wisc.edu/factsheets/).

| incorporated omni-frugivores that do not eat meat as they have the capacity to
ingest it. Non-meat-eating omni-frugivores are important to consider in the context of
ecological pressures. | did not include nocturnal insectivores because they consume a
high proportion of fauna. Nocturnal insectivores also exploit different resources
compared with diurnal omni-frugivores. Including nocturnal insectivores in my analysis
could have affected my results, as there would have been too many outliers since | focus
on primates that consume small quantities of meat. | excluded folivores for the opposite
reason; folivores consume such small amounts of meat that there was not enough data
available to conduct my research. I also omitted insects as meat sources because omni-
frugivores consume a higher proportion of insects compared to large invertebrates and
vertebrates (Hohmann, 2009).

| recorded at least two omni-frugivore species for each continent and habitat to
reflect their broad distribution patterns. Overall, my sample consists of 51 primate
populations. Some of these 51 are the same species but from different sites, to reflect
intra-specific variation in habitat choice. I included 15 primate populations from Africa;
16 from Asia (one from Japan, seven from Indonesia, four from China, two from
Thailand and two from India); 14 from the Neotropics (12 from South America and two

from Central America); and six primate populations from Madagascar (refer to Appendix
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). These study primates reside in a variety of habitats that range from savannah-
woodland environments to swamp and coniferous forests.

Many primate species in my study navigate anthropogenically-altered landscapes and
are increasingly threatened by human encroachment (Appendix 7 contains the
conservation status of my sampled species). The 12 species (in my study) that reside in
South America are forced to reside in fragmented forests. One such species, the tufted
capuchin, occupies 98% of 129 south Amazonian fragmented forests (Benchimol and
Peres, 2013). The degree of isolation caused by the nature of the surrounding matrix,
hunting pressures within patches, and amount of forest disturbance compromise their
home range and food accessibility (Benchimol and Peres, 2013).

My study subjects also reflect the range of morphological traits evident in omni-
frugivores. The largest primate species in my study is the chimpanzee (Pan troglodytes)
that weighs approximately 50-70kg (Hohmann, 2009). The smallest is the common
marmoset (Callithrix jacchus) that weighs 260 g (Hohmann, 2009). Most primate species
are small-bodied and arboreal as an adaptation to their vital role as seed-dispersers
(Chapman et al., 2013). As such, my dataset contains more arboreal primates than
terrestrial ones (31 arboreal and 20 terrestrial).

Many omni-frugivore species are omitted from my study due the lack of available
data. Therefore my list should not be considered a definitive representation of all omni-
frugivore primate species. For instance | omitted Mandrillus sphinx (Mandrill) from
consideration due to the lack of current research on its diet.

2.2 DATA COLLECTION

2.2.1 DATA CRITERIA
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| collected all of my data variables from published literature on primate nutritional
ecology. | ran a comprehensive search of primate diets using the academic search engines
Google Scholar, JSTOR and PrimateLit Database. | also referred to the bibliographies of
papers that | had read. Overall, | compiled 178 academic sources documenting the diets
of omni-frugivore primate species.
| used four keywords to find information on the diets of primate species: the primate

species name (e.g. olive baboon), diet, large invertebrates and vertebrates. | added a fifth
key word for habitat-type (e.g. savannah chimpanzees) to consider primates that exhibit
intra-specific variation in habitat preference. | substituted the terms “ecology” or
“foraging strategies” for “diet” if the search yielded no results.

| organized the academic sources into three time periods over the past 45 years. |
based these time periods on the publication dates: 1970-1984, 1985-2000 and 2001-2015
(see explanation below). Some researchers collected their data a decade before they
published their research. In those instances, | classified the data in the decade that the
investigator collected it in. | chose the past 45 years for two reasons. During that time,
extensive anthropogenic deforestation by heavy machinery occurred (Marsh, 2013).
Additionally, more quantitative information on primate diets has been available as
technology improved. | used three 15-year increments to make the sequencing between
the 45 years consistent. Inconsistent time intervals could have biased any marked change
in primate meat consumption. Each time block would have had either more or less time
for primate meat intake to change compared to the others. As there was not enough
published data to make five-year time increments feasible and 10-year increments left

five of the 45-years unaccounted for, 15-year increments were thus the best option.
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Hawes and Peres (2013) noted that inconsistent sampling methods have made
comparative analyses of literary sources problematic. To account for this problem |
followed a number of criteria for a relevant academic source to be included in my study.
These criteria are described below.

First, 1 only included reports on wild primate diets. | did not need to research captive
diets since my study is about primate diets in natural settings. | also considered how the
investigator recorded the percentage of meat in primate diets. The research had to include
the percentage of vertebrates or large invertebrates in the primate diets. If the dietary
breakdown mentioned animal matter as a broad category (without specifying the
contribution of vertebrates and invertebrates) then the source could not be used.
| did not use research where prey consumption was anecdotal and not quantified.

Furthermore, | consulted literature that used similar sampling methods, in order to be
consistent. A majority of the researchers conducted fecal analyses. Some of them also
recorded time spent feeding (not foraging) by using group focal-scan sampling. I did not
collect research that assessed time spent foraging because time spent foraging does not
equate with the contribution of a resource to a primate’s diet (Hohmann et al.,

2010). Since primate diets change across seasons, | also used references where
investigators conducted their research for a minimum of a year, and differentiated
between wet and dry seasons.

I should note that one problem with my study is that I relied upon the research of
others. As such, I consider the percentage of meat that the investigators published (and |
recorded) as approximated averages to account for intra and inter-observer error.

| also used data on the protein content in plant sources consumed by omni-frugivores.
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To find these academic sources | used three key words: “primate species name,”
“nutrition,” and the site where the study took place (e.g. Gombe). | used references that
assessed the nutritional content of the plants that the primates consumed. | only included
the protein content of plant sources that the primates ingested rather than the protein
content of all the plant sources found within their habitats. | tried to use the same sites for
both meat percentage and protein contents of plants, to account for the variation of
protein content in plant sources across sites. Finally, 1 only considered academic sources
where the researcher performed chemical assays on the plants that the primates
consumed. For each report | recorded the dry weight of crude protein in the plant sources
that each primate species in my study ingested.
2.2.2 DATA STORAGE
| entered the data into a table organized by variable. The sources for the information were
recorded on a corresponding copy of the table (found in the Appendices: Appendix 1 and
2). The statistical analysis of the data was conducted using SPSS 20 for Mac.
2.2.3 DATA RECORDING

| recorded nine variables based on the data from published literature: (i) the continent
and country in which the primate resides, (ii) habitat, (iii) pattern of locomotion, (iv)
meat percentage for the years 2001-2015, (v) meat percentage for the years 1985-2000,
(vi) meat percentage for the years 1970-1984, (vii) seasonal preference for consuming
meat, (viii) hunting strategy, and (ix) protein content of plant sources. | recorded 560 data
points of information (not including null data points). Each variable had specific criteria,
which | followed as | entered the data. In the subsequent text, I present the criteria that |

used to record the data.
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| recorded the continent for each species based on descriptions from academic sources.
| used the same articles as those from which | retrieved the meat percentages. For
primates that live in multiple countries, | recorded the same continent for the respective
species but separated that same species by country. For instance, | recorded two
observations for Assamese macaques (Macaca assamensis) since they inhabit China and
Thailand (Zhou et al., 2014). If data were limited on a species, then | combined two
countries together as one observation.

To note the habitat preference for each species | used the descriptions given by each
researcher. | also used the same articles to record habitat-types and meat percentages.
Overall, | recorded eight habitats attributed to the omni-frugivore species in my sample.
While there are more habitat-types used by these species, | could not include them all in
my research, as | was limited to a small number of published papers that described
habitat-types and percentages of meat consumed. If a species occupied multiple habitats,
| recorded each habitat-type for the same species as separate observations. Consequently,
particular species studied in more than one habitat-type are represented more than once in
my sample. For example, chimpanzees exhibit a range of habitat choices (e.g. woodland,
savannah, and tropical wet evergreen forests). Therefore, | recorded three data points for
chimpanzees based on their habitat choices. To control for confounding variables, I also
recorded the same habitat choice, per omni-frugivore population, for each time period.
By doing so, | accounted for intraspecific variation in diets of primates within habitats
when | tested across time. | provide broad descriptions of the habitats used in my study in

tables 2.1 and 2.2 below.



Table 2.1. Descriptions of omni-frugivore habitats of
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primate species described in my study

Habitat

Description | Source

Savannah

Woodland

Tropical Wet Evergreen Forests

Dry Evergreen Forests

Tropical Lowland Karst Forest

Savannah habitats are known for their expansive grassland with scattered individual trees. 1
Temperature: Temperatures can reach as high as ~38 °C and get as low as ~40 °C.
Seasonality: Two distinct seasons: ~ seven months dry season and five month wet season.
Precipitation: There is an average annual rainfall of 76.2-101.6 cm in savannah habitats

Flora: The dominant foliage consists of forbs (small broad-leaved plants that grow with
grasses) and grasses. There are a variety of grass types across savannahs due to differences

in temperature and precipitation.

Locations used in my study: Africa

Woodland habitats are known for having short trees that are patchily distributed. The 2
region is commonly found surrounded by grasslands, savannah or forested edges.
Temperature: Woodland temperatures can range from ~10-20 °C

Seasonality: There are two seasons: ~ five months dry season and ~seven months wet

season.

Precipitation: Woodland can receive 200 to 1,000 mm of rain a year.

Flora: Shrubs, acacia, chamise, and grasses.

Locations used in my study: Southwest parts of Africa

Tropical forests are characterized as having greatest diversity of species.

Temperature: on average 20-25 °C and varies little throughout the year.

Seasonality: Two distinct seasons: ~ six months dry season and ~six months wet season.
Precipitation: is even throughout the year and annual rainfall can exceed 2000mm.

Flora: a high density of species: one square kilometre may contain as many as one
hundred different tree species. Trees are 25-35 m tall and mostly evergreen. They can have
thick trunks and shallow roots. Plants include bromeliads, vines (lianas), ferns, mosses,
palms, and orchids.

Locations used in my study: Africa, Central and South America, Southeast Asia, Eastern
Madagascar, and west coast of India

They are similar to tropical wet evergreen forests with the exception that there is a longer 1
dry season (~eight months).
Locations used in my study: Asia, Central and South America, Africa and Madagascar.

Similar to tropical wet evergreen forests, however there are a number of cave formations 3
that increase the acidity of the soil. The permeation of the soil and drainage system (from
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Southeast Asia swamplands

Coniferous Forests

Gallery Forests

the caves) also causes the soil to become dry despite regular rainfall.
Temperature: ~9.8 °C to 26.6 °C

Seasonality: four seasons: autumn, winter, spring (where there are monsoon rains) and
summer (monsoon rains)

Precipitation: ~1363mm of rain during the year

Flora: Karst cave formations contain limestone bedrock cliffs and low valleys. Secondary
forests and tropical forest patches surround the low valleys and Kkarst cliffs.

Locations used in my study: Southern China and Northern Vietnam

Southeast Asian peat swamplands are a humid wetland environment. It contains standing 5
water that is thick with decaying organic materials (such as dead plants and animals)

known as peat.

Temperature: ~4-22°C

Seasonality: two seasons: dry and wet seasons.

Precipitation: ~ more than 2,000 mm of rain annually

Flora: pond lilies, cattails, sedges, tamarack, and black spruce

Locations used in my study: Southeast Asia

Coniferous Forests have trees that grow needles instead of leaves (the needles remain

all year) and cones instead of flowers. This adaptation is beneficial for cold areas.
Temperature: 40°C to 20°C, average summer temperature is 10°C

Seasonality: four seasons: long and cold snowy winters (~ five months), spring, summer
and autumn.

Precipitation: 300-900mm of rainfall annually.

Flora: Pine, spruce and conifer trees. All of these trees contain needles all year long.
Locations used in my study: Asia and Northern Africa (Morocco).

Gallery forests are strips of forest that form a narrow corridor along anthropogenic
landscapes and/or rivers. These corridors sometimes connect forest fragments to each 4
other. Gallery forests are generally found abutting tropical, dry evergreen or savannah
forests.

Locations used in my study: Madagascar.

* Table 2.1. All of the above descriptions have been taken from these sources: (1) The Biomes Group of the Fall 96 Biology 1B class, section 115, at UC Berkeley. (1996). “The Biome Forest Groups”
Eds. Pullen, K. Retrieved May 9, 2015 from http://www.ucmp.berkeley.edu/glossary/gloss5/biome/forests.html. (2) Przyborski, P. (2010). “NASA Earth Observatory: Biomes.” Retrieved May 9, 2015

from http://earthobservatory.nasa.gov/Experiments/Biome/index.php/. (3) Fan, Peng-Fei et al. (2011) Habitat and Food Choice of the Critically Endangered Cao Vit Gibbon (Nomascus Nasutus) in

China: Implications for Conservation. Biological Conservation 144(9): 2247-2254. (4) Seaman, B and C Schulze (2010) The Importance of Gallery Forests in the Tropical Lowlands of Costa Rica for
Understorey Forest Birds. Biological Conservation 143(2): 391-398. (5) Harrison, M et al. (2010) Orang-utan Energetics and the Influence of Fruit Availability in the Nonmasting Peat-Swamp Forest of
Sabangau, Indonesian Borneo. International Journal of Primatology 31(4): 585-60.



http://www.ucmp.berkeley.edu/glossary/gloss5/biome/forests.html
http://earthobservatory.nasa.gov/Experiments/Biome/index.php/

Table 2.2. Distribution of habitat-types in my study

Habitat Primate Species Mean Std. Deviation
Meat%

Savanna 6 2.29 1.560
Woodland 4 2.56 2.640
Tropical Wet Evergreen 22 .95 1.610
Coniferous 3 3.05 4.213
Dry Evergreen 11 1.70 2.978
Tropical Low Karst 1 .00

Peat Swamp 3 .04 .051
Gallery Forests 1 .00

Total 51 1.43 2.213

I assessed whether a primate was arboreal or terrestrial based on the classifications

used by the researchers. If the researcher did not specify the strata use of the primate they

studied, I referred to the ICUN Red List database to record the terrestriality or arboreality

of the primate (see http://www.iucnredlist.org/search). Some omni-frugivores have the

capacity to move between strata over the course of the day. For instance, white-headed

lemurs (Eulemur albifrons) can spend their mornings in the trees but move to the ground
in the afternoon (Vasey, 2005). Researchers identified these omni-frugivores as terrestrial

or arboreal based on the area of space (either in a tree or on the ground) most often used.

In total, my sample contains 31 arboreal and 20 terrestrial omni-frugivore primate

populations. I also recorded the daily path lengths (DPL) of six primate populations from

my terrestrial group and six from my arboreal one to discuss the affect of
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arboreal/terrestrial DPL’s on primate meat intake. I retrieved the DPL data from the meat
percentage sources with the exception of two primate populations. In those two cases, |
used different sources for the DPL but made sure the studies occurred at the meat
percentage sites. I only used a total of 12 primate populations for my DPL sample as only
twelve sources discussed the DPL of their study species (Appendix 3).

I entered the percentage of meat consumed by the study animals/species from tables of
reported diet item percentages in my database. Some authors specified the contribution of
vertebrates and invertebrates in their discussion section if the percentage was
insignificant to their research question. I classified the percentages of meat for each
species into the established time periods mentioned in section 2.2.1.

For the years 2001-2015, I recorded a maximum of three percentages of meat for each
primate species and then calculated the mean, which was used for subsequent analyses.
The primary reason for recording more than one source in some instances was to account
for intra and inter-observer variation across studies. If the data were too limited to allow
me to record three percentages of meat, I included as many sources as I could find. For
example the Ka’apor capuchin’s (Cebus kaapori) diet was only recently analysed (see de
Oliveira et al. 2014). As such, only one academic source could provide the quantity of
meat in the Ka’apor capuchins diet. I did not record a maximum of three percentages of
meat for the years 1970-2000 due to limited data and instead recorded one percentage of
meat per species.

Since there was a maximum of three percentages of meat per primate species, I labeled
each meat percentage as 1, 2 or 3. I then gave the source that provided the information the

corresponding number of 1, 2 or 3 (Appendix 1 and 2). I did so to keep track of which
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academic source provided which meat percentage. I also recorded the study site and
habitat for each of the three meat percentages.

If a researcher reported that there was zero consumption of meat by the primate
species then I recorded their percentage of meat as zero. In the cases of wet/dry seasons,
there were two percentages of meat reported. I used the highest percentage of meat
reported and the corresponding season that it was consumed to differentiate between wet
and dry seasons.

Recording the meat intake for the years 1985-2000 and 1970-1984 was similar to
recording the percentage of meat during the years 2001-2015. I recorded the percentage
of meat and the study site where the research occurred. For data prior to 2001-2015, 1
used articles that presented data from the same sites as the years 2001-2015. If no early
research existed on those sites, [ used data collected from other sites (as long as the
alternative site was in the same country and habitat). In some cases, there were data
available for the years 2001-2015 but not for the previous decades. When this occurred, I
noted that the percentage of meat for those primate species were non-existent for past
decades. When I tested my hypothesis where I question if primate meat consumption has
increased over time, | accounted for the non-existent data by excluding those primate
species from my sample. Thus to analyse changes in meat intake over time, I used a small
sub-sample of the main sample that I used to test the previous hypotheses.

I used the same articles that gave the percentages of meat in the years 2001-2015 to
record seasonal preference in meat intake. Since I recorded three percentages of meat per
species, there were also three observations of a species’ seasonal preference in meat

intake. All investigators who examined the same species noted the same seasonal
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preference per species. So I did not choose one of the three articles over the other to
record seasonal preference in meat intake.

I referred to the charts in the articles to record the season in which meat contributed the
most to the omni-frugivore’s diet. If the investigator concluded that there was an
insignificant difference of meat intake between the seasons, I recorded the omni-
frugivore as consuming meat during both seasons. I define these hunters as non-
preferential hunters as they consume meat with no seasonal preference or pattern. If the
primates did not consume any meat then I classified their seasonal preference as null.

Generally, if a species showed intra-specific variation in their seasonal preference for
consuming meat then they also lived in two habitats. When this occurred, I separately
recorded the variability in seasonal preferences in meat intake with their habitat choice.
For instance chimpanzees in Gombe, Tanzania, consume more meat during dry seasons,
but Tai forest chimpanzees consume meat during both seasons (Mitani and Watts, 2001).
Although the two groups belong to the same species, they live in different habitats: Tai
forest chimpanzees in tropical wet evergreen forest and Gombe chimpanzees in woodland
habitat (Mitani and Watts, 2001).

I focused on two types of hunting strategies used by my study subjects: “opportunistic
hunting” and “cooperative hunting” in addition to the behaviour referred to as “meat
sharing.” I relied on the researcher’s classification of hunting behaviour to record the
hunting strategy used by the primate. The understanding of the terms attributed to the
strategies (e.g. opportunistic hunting) was generally consistent between researchers, but a
small number argued that there are two forms of mutual hunting: cooperative and

collaborative. Hamilton (1964), Sussman and Garber (2004) and Strum (2012) argue that
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hunting is cooperative when the hunters share a common purpose and act together to
improve the overall fitness of their group. Sharing a common goal suggests complex
social organization and cognitive abilities (e.g. planning ahead) (Strum, 2012). Hunting is
collaborative when hunters act together for their own immediate gains, with the benefits
to the other hunter a by-product (Boesch et al. 1989; Strum, 2012; Sussman and Garber;
2004). Boesch et al. (2006) offers an alternative view that cooperative hunting is too
complex to be made into two distinct types as hunting styles amongst cooperative hunting
species are variable; instead cooperative hunting is a reciprocal relationship between the
hunters and their group, specific to the social dynamics of the primate species. For
instance, male chimpanzees are theorized to use meat as a tool to improve their own rank
and attract females while simultaneously providing nutritionally dense food to pregnant
females, which benefits the female and her fetus (Stanford, 1996). The struggle with this
debate is that the goals of the primate hunters cannot be definitively discerned by
researchers, nor are the reasons universal across cooperative hunting species. Despite this
debate, most investigators use the term “cooperative hunting”, so I also adopted the term.
I present descriptions of hunting strategies in Table 2.3 because they are the
definitions most cited by investigators. If the omni-frugivore did not consume meat then I
identified it as a non-hunter. The primate was not considered a meat-sharer if it shared
meat only through the act of stealing. According to Gilby et al. (2006), meat sharing

requires one animal to give meat to another.
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Table 2.3. Hunting Stratagems

Hunting Strategy Definition Source

Opportunistic Hunting When an individual hunts live prey alone with no Mitani and Watts, (2001)
systematic hunting strategy.

Cooperative Hunting A hunter hunts with companion(s) and has a Boesch et al., (1994):
planned strategy. definition on p. 653
Meat Sharing The hunter shares meat with an individual who did  Gilby et al., (2006)

not catch the prey.

To obtain data on the protein content in plant sources, | primarily used articles that
analysed plants consumed at the same sites from which | retrieved the meat percentage.
All the literary sources were published after the year 2000 except for two published
during the 1990s. | recorded separate observations of protein content for those sampled
primate species with data available. | did so to account for variation in morphology,
biology and ecology. I also recorded the protein content of plant sources ingested by
primates in the season in which their meat intake was the highest.

When a researcher provided the average crude protein of all the plant sources in their
study, I recorded the average that they provided. If an investigator published the raw
percentage of crude protein in all of the plant sources ingested, without stating the overall
average, then I calculated the average myself and recorded the result. The protein content
of plant sources was recorded even if the omni-frugivore did not consume meat (e.g.
Amazonian squirrel monkey (Saimiri sciureus)). When I could not find the protein
content of the plant resource via a chemical assay, | recorded the protein content in plant
sources as non-existent for that primate.

I did not measure fragmentation rates because there were not enough data available
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and it has yet to be adequately measured. Therefore | am only analyzing if meat intake
increased in tandem with deforestation. Measurements of fragmentation could be useful
for further research on the possible relationship primate between meat intake and habitat
loss.
2.3 STATISTICAL DATA ANALYSIS

Since the data were pooled together from a number of different studies (and thus
researchers), | ran the Shapiro-Wilks test to determine the normality of my sample. The
test revealed that the data were not normally distributed (p=0.000) and data points
deviated significantly from the line of best fit when plotted on a graph (Figure 2.1). |
subsequently used a sequence of non-parametric tests to make comparisons between the

independent groups within my sample.

Normal Q-Q Plot of Present Meat Intake

Expected Normal

Observed Value

Figure 2.1. The sample’s deviation from normality.

As there were three main outliers in my sample (i.e. chimpanzees, common
marmosets and capuchins), | also ran a preliminary One-Sample Wilcoxon Rank test to

see if the outliers biased my sample. Results indicate that chimpanzees (U=72.000, Z=-
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5.316, p=0.0001, N=48), common marmosets (U=39.000, -5.801, p=0.0001, N=50),
capuchins (U=262.000, Z=-3.211, p<0.001, N=47), and Barbary macaques (U=1.000,
Z=-6.169, p<0.000, N=50) are significant outliers. As such, I ran each test twice: one
without the outliers and one including the outliers. To compare the average between two
independent groups | ran the Mann-Whitney-U Test. The benefits of the Mann-Whitney-
U Test are that it tests the difference between two distinct groups when the dependent
variable is interval and holds the assumption that the data is not normally distributed
(Madigral, 2012). 1 used the Mann-Whitney-U-Test to assess the differences in
percentage of meat between strata use, hunting strategies and meat sharing.

| applied the Kruskal-Wallis test when my hypotheses required me to evaluate more
than two groups. The Kruskal-Wallis test is thought of as the non-parametric equivalent
to a one-way Analysis of Variance (ANOVA) and evaluates the different average means
between >3 groups (Madigral, 2012). This test was particularly useful to test my
hypotheses because it can be applied when the sample sizes are small and non-
symmetrical (Madigral, 2012), two traits which characterized the groups within my
sample. | used this test to evaluate the variation in mean meat intake between habitats
and seasonal preferences.

Differences in meat intake across time were analysed using the Friedman’s test because
it determines the difference between the averages of related groups (Madigral, 2012).
However, a problem with the Friedman’s test is that it only reveals that there is an overall
difference between groups and does not infer how isolated pairs of groups differ in
relation to one another. Thus, | ran a Post Hoc Wilcoxon test, which identifies the way

that groups differ from each other, to calculate how meat intake differs between specific
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time periods (Madigral, 2012).

For all of the tests, the significant level was set at 0.05 with the confidence interval set
at 95%.
2.3.1 StaTisTicaL DATA TESTING

To test for differences in meat consumption relating to arboreality versus terrestriality,
the primate species were grouped according to strata-use and tested for overall
differences (across continents and habitats). | then separated the arboreal and terrestrial
groups of species into their respective continents. The separation enabled me to evaluate
which continent potentially contained the terrestrial and arboreal omni-frugivores with
the largest discrepancy in meat intake. Similar measures were repeated to test for habitat
and seasonal preference in the context of meat intake. When analysing the differences
between hunting strategies, meat sharing and plant protein content, | removed the primate
species that contained missing data or were not applicable (e.g. non-meat-eating omni-
frugivores) in order to run the test. Therefore three of the tests were analysed by using
sub-sets of the primary sample that | used to test a majority of the questions. To test meat
intake across time, 1 grouped my sample by time period and then compared the total
average percentage of meat in the diets of each time period group (three groups: 1970-
1984, 1985-2000, 2001-2015). The same species and sub-species, with the same
continental and habitat distributions, were in each time block to account for variability.
2.4 SURVEY QUESTIONS

| distributed an international survey to 70 retired and active primatologists to collect

more data for my sixth prediction (meat percentage increased in tandem with

deforestation). The goal of my survey was to learn if researchers had observed acts of
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predation by primates at an increased rate over the past 45 years and compare these
results those from the literature. The survey contained twelve multiple-choice and five
short answer questions (Appendix 5). The primary question was: how many acts of
predation have you (the investigator) observed by the primate species that you studied? |
made sure that my questions were quantifiable. To quantify the multiple-choice, |
provided three options that the primatologist could select from for their answers: less than
five predation observations, five to ten observations, or greater than ten predation
observations. | wrote the short answer questions as “YES” or “NO” questions. | also split
the survey into two parts: short term studies and longitudinal studies. Short-term studies
were current studies (to make the data recent) that had a research period of five years or
less. Longitudinal studies were more than five years duration and included data
conducted before the year 2000 in order to incorporate information before the twenty-first
century. To protect the participants, the survey was also designed to be anonymous. After
I wrote the survey, | uploaded it onto FluidSurveys to prepare the survey for distribution.
Since the survey involved interacting with people via email, | obtained approval
from the University of Victoria’s Human Research Ethics Board to distribute my survey.
After | received approval, | contacted board members of primate societies. | asked the
board members’ permission to invite their members to take part in the survey. I received
responses from the American Society of Primatologists (ASP) and the Primate Society of
Great Britain (PSGB). | created a list of ASP participants who studied the diets and
nutrition of wild primate populations. | described the objective of the survey, explained
the privacy policy, and provided a link to the survey. PSGB members received the same

information as ASP members. Both the PSGB and the ASP were given the same time



period to complete the survey: March 13, 2015-June 1st, 2015. I closed the survey on
June 1% so that the results could be analysed in the summer months. The findings of the

survey are reported in chapter three.
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CHAPTER 3: RESULTS
3.1 STRATA USE

PREDICTION 1: | predict that arboreal omni-frugivores include a significantly lower percentage of
meat in their diets than terrestrial omni-frugivores. Since the resources within the canopy are diverse
(Rose, 1997), arboreal primates can already access an abundance of plants with adequate levels of protein
and other nutrients. Therefore, arboreal omni-frugivores do not require meat as a nutritional supplement
to the same extent as primates on the ground. | further predict that there is a positive correlation between
daily path lengths of terrestrial omni-frugivores and the percentage of meat in their diets. The longer daily
path lengths of terrestrial omni-frugivores (Hemingway and Bynum, 2005) may offer more opportunities
for prey encounters.

Overall, terrestrial omni-frugivores in the sample consumed more meat (M =1. 98%,
SD= 2.206, N=22) compared with arboreal omni-frugivores (M=1.04% meat, SD=2.170,

N=29) (Mann-Whitney U-test: U= 180.500, P= 0.007, N=51) (Figure 3.1).
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Figure 3.1. The distribution of meat percentages in the diets of terrestrial
and arboreal omni-frugivores worldwide. *Brown=Terrestrial and Green=Arboreal.

When | assessed each continent in my sample separately, | found disparities in the
amount of meat consumed by terrestrial and arboreal omni-frugivores in Asian (Mann-
Whitney U-test: U= 7.500, P= 0.0192, N=15) and African (U= 0.000, P = 0.022, N=15)

countries, whereas | found no differences in the percentage of meat consumed by omni-
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frugivores between strata levels in the neotropics (U=5.00, P= 0.857, N=14), or
Madagascar (U=10, P=0.229, N=6). All but one of the primates in both my neotropical
(N: Arboreal =13, Terrestrial =1) and Madagascar samples (N: Arboreal=5,
Terrestrial=1) are arboreal, which may account for the divergence from the trend seen on
other continents. The two species categorized as terrestrial from the neotropics and
Madagascar are not strictly arboreal and spend only 40% of their time on the ground,
emphasizing the dominance of arboreality in those samples.

Using a sub-sample of my entire study, | also discovered that terrestrial species in this
sub-sample had longer daily path lengths than the arboreal species (Mann Whitney U-
test: U= 34.500, P=0.004, N=12) and that there was a subsequent weak positive
correlation between daily path length and meat intake (Spearman’s Rank Correlation: rs=
0.297, P= 0.003, N=12).

The results described above support my first prediction: that terrestrial primates
consume significantly more meat than do arboreal primates worldwide.

3.2 HABITAT PREFERENCE

PREDICTION 2: | predict that omni-frugivores residing in drier habitats include a significantly higher
percentage of meat in their diets than those inhabiting wet-evergreen and deciduous forests.

The most common habitat-type in my study was wet evergreen forest, which comprised
43% of my sample. The least common types were gallery and lowland karst forests with
each comprising 1.8% of my total sample (which are sample sizes that are too small to
include in my tests). The species in my total sample that consumed the greatest amount of
meat was the common marmoset (Callithrix jacchus), which resided in dry evergreen
forests.

Overall, the percentage of meat in the diets of omni-frugivores in drier habitats (i.e.
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coniferous, woodland and savannah) did not differ significantly from those in wetter

habitats (Kruskal-Wallis test: y°= 12.897, P= 0.075, df=7, N=51, Table 3.1).

Table 3.1. Habitat distribution of the primate species in my sample.

Habitat Wet/Dry Mean N Std. Deviation Range Minimum Maximum
Savannah Dry 2.29 6 1.560 4 1 5
Woodland Dry 2.56 4 2.640 6 0 6
Wet Evergreen Wet .95 22 1.610 6 0 6
Coniferous Dry 3.05 3 4.213 8 0 8
Dry Evergreen Wet 1.70 11 2.978 10 0 10
Tropical Low Karst Wet .00 1 . 0 0 0
Peat Swamp Wet .04 3 .051 0 0 0.1
Gallery Forest Wet .00 1 . 0 0 0
Total 1.43 51 2.213 10 0 10

Thus, prediction two, which suggests that primates in drier habitats consume a
significantly higher percentage of meat than primates in wetter habitats, remains
unsupported.

Small sample sizes can bias the results of statistical tests, and with this in mind |
included a second test where | evaluated only the three habitats that contained the highest
number of study species (wet evergreen, dry evergreen and savannah). The average
amount of meat consumed by omni-frugivores in wet evergreen, dry evergreen, and
savannah habitats varied depending on habitat choice (Kruskal-Wallis test: ¥?=39, P=
0.045, df=2, N=39). Savannah dwelling omni-frugivores consumed a higher percentage
of meat (M=2.29%, SD= 1.56, N=6) compared to the primates residing in the other two

habitats (Figure 3.2). As a result, prediction two is supported when dry evergreen, wet
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evergreen and savannah habitats are considered.

Discrepancy in meat intake across three primary habitat types
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Figure 3.2. The difference in meat intake across the three habitats in my sample

that contain the largest group sizes: savannah, dry evergreen and wet evergreen.

3.3 SEASONAL PREFERENCE

PREDICTION 3: | predict that there is a positive correlation between the percentage of meat in the diets
of dry season hunters and the dry seasons associated with seasonal habitats. The reduction in fruit biomass
that occurs during dry seasons increases a primate’s susceptibility to nutritional deficiency (Ganzhorn et
al., 2009). As such, the diets of dry season hunters consist of more meat than those that hunt during wet
seasons or both seasons combined. There will also be a greater proportion of dry season hunters to
accommodate resource scarcity.

Omni-frugivores in my study prefer to hunt during dry seasons rather than wet seasons
or opportunistically during both seasons. Primate populations that exploit their prey with
greater frequency during dry seasons comprise 78% of my hunter sample. Comparatively,
18.9% consume their prey equally in both seasons while 2% of primates catch their prey
predominantly during wet seasons. The preference for hunting in the dry season is made

more apparent when the distribution of dry season hunters, wet season hunters and both
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season hunters are observed within their own continents (Table 3.2). In fact, only Africa
contained one group of exclusive wet season hunters (a troop of chimpanzees [Pan
troglodytes] that reside in the Tai Forest of Cote d'lvoire)

Due to the small sample size of wet season hunters (N=1), I ran a single sample against
the means test to determine if wet season hunters consumed different amounts of meat
compared to dry season hunters. | found that wet season hunters did not consume more
meat than did dry season hunters (single sample t-test: t= 0.13, P=0.990, N=32). The
remainder of my analysis presented below uses only two variables ([1] dry season hunters
and [2] non-preferential hunters) since my sample of wet season hunters is too small to
include in statistical tests (N=1). Non-preferential hunters hunt with no seasonal
preference.

Overall, I found no significant difference in the percentage of meat consumed by dry
season hunters, and those that hunt with no seasonal preference (Independent sample t-
test: t = 0.796, P=0.432, df=33, N=37). | discovered similar results when | analysed the
seasonal differences in meat consumption by omni-frugivores within each continent
(Mann-Whitney U-test: Africa: U=9.000, P =0.909, N=14; Central and South America:
U=5.000, P=0.194, N=14; Madagascar: U=1.000 P= 1.000, N=6). The omni-frugivores
from Asia included in my sample are exclusively dry season hunters and therefore could
not be included in the latter test. Thus, part of prediction three, that there are a greater
number of dry season hunters compared with wet season hunters, or those with no

seasonal preference, is supported. The remainder of prediction three is not supported.



Table 3.2 . Average meat intake differentiated by continent

Seasons Location Mean Std. Range Min Max
Deviation i\
Dry Seasons Africa 3.04 10 2.689 8 0 8
Asia .05 2 .283 0 0 1
Central America 2.50 1 0 3 3
Indonesia .23 5 277 1 0 1
Japan Asia 1.65 2 495 1 1 2
Madagascar 15 2 212 0 0 0
South America 2.71 7 3.440 10 0 10
Total 2.17 29 2.535 10 0 10
Both Seasons Africa 1.96 2 1.556 2 1 3
Madagascar .23 1 0 0 0
South America .79 3 1.064 2 0 2
Total 1.09 6 1.201 3 0 3
Wet Seasons Africa 4.55 1 .636 0 5 5
Total 4.55 1 .636 0 5 5
Overall Total 1.97 36 2.389 10 0 10

3.4 RELATIONSHIP BETWEEN PLANT QUALITY AND MEAT INTAKE.

PREDICTION 4: | predict that there is an inverse correlation between high protein content in plant

resources and the percentage of meat in omni-frugivore diets by continent. Thus, omni-frugivores
inhabiting Africa, Madagascar and Asia will exhibit a significantly higher percentage of meat in their diets
compared to neo-tropical omni-frugivores because such old world forests contain fewer protein-rich plant

sources.
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Using the entire sample (not divided by continent), there was no relationship between
the protein content of plants consumed by the sample primates and meat intake
(Spearman’s Rank Correlation: rs=0.237, P=0.244, N=35, Figure 3.3). The same pattern
occurred when | separated my study species by the continents in which they reside with
the exception of omni-frugivores from Africa, which exhibited a moderate positive
correlation between meat intake and plant protein quality (Spearman’s Rank Correlation:
rs=0.564, P= 0.056, N=14).

| also found no significant relationship between the protein content of consumed plants
and meat intake for savannah (rs=0.638, P= 0.171, N=6), wet evergreen (rs=0.307, P=
0.460, N=13), and dry evergreen residing primates in my sample (rs=0.500, P= 0.253,
N=7). Nor did I find any discrepancy between the percentage of meat consumed by Old
World monkeys in my study and the percentage of meat consumed by New World
monkeys (Mann Whitney-U test: U= 225.500, P= 0.473, N=33)

To assess whether any of the outliers affected my results | repeated the above tests
without the three outliers from my sample: Barbary macaques, chimpanzees, and
common marmosets. Outcomes were similar to my initial ones with the exception of
African omni-frugivores. The test run again without using the outliers did not show a
positive correlation between protein content in plants and meat intake for African omni-
frugivores (Spearman’s Rank Correlation, rs=0.036, P= 0.936, N=10). Ultimately,

prediction four does not hold based on my results.
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Figure 3.3. The non-significant relationship between the percentage of meat in the
diets of omni-frugivores and protein content in the plants consumed by omni-frugivores.
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3.5 HUNTING STRATEGIES AND MEAT SHARING.

PREDICTION 5: | predict that there is a significantly higher percentage of meat in the diets of
cooperative hunters, for example chimpanzees and olive baboons (Papio anubis). Meat-sharers also
consume a significantly higher percentage of meat. Cooperative hunting decreases the energy expenditure
of one individual through pooled energy, which therefore increases the opportunities for successfully
capturing prey and meat sharing (Hohmann, 2009; Strum, 2012; Emery-Thompson, 2013).

Only 15% of the hunter sample consisted of cooperative hunters while 55% were
opportunistic hunters and 30% were non-hunters. Accordingly, opportunistic hunting is a
more common hunting strategy utilized by the sampled omni-frugivores. A majority of
cooperatively-hunting primate species in my study resided in Africa (e.g. Barbary
macaques, baboons and chimpanzees). There are no known New World omni-frugivore
cooperative hunters nor are there cooperatively hunting lemurs. With the exception of
chimpanzees residing in the Tai Forest, a wet evergreen habitat, the cooperative hunters
in my sample resided in savannah, woodland or mountainous regions (N=7); conversely,
a substantial number of opportunistic hunters in my study lived in wetter forests (N=13).
Cooperative hunters consumed significantly more meat than opportunistic hunters
(Mann-Whitney U-test: U=31.000, P=0.001, N=35). The average amount of meat in
each diet was 4.01% (SD = 2.262, N=7) versus 1.41% (SD=2.133, N=28), respectively.
Thus, prediction five (cooperative hunters consume a significantly higher amount of meat
in their diets) is supported.

All cooperative hunters in my sample also shared meat with troop members. Meat
sharing is not exclusive to cooperative hunters however, and some opportunistic hunters
in my study were reported to share meat with other group members. Meat-sharers made
up 66% of sampled meat eaters and 63% of these meat-sharers were opportunistic

hunters. The meat-sharers in my study also consumed more meat (M=2.74, SD=2.585,
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N=20) than did non-meat-sharers (M=1.20, SD=1.813, N=12) (Mann-Whitney U-test:
U=67.000, P=0.0397). As such, the second part of prediction five (meat-sharers consume

more meat than non-meat-sharers) is supported by these results.

3.6 CHANGES IN MEAT INTAKE OVER TIME.

PREDICTION 6: The percentages of meat in omni-frugivore diets have risen significantly in the past 45
years, particularly in areas of human expansion and disturbance. | predict that such an increase has
occurred because keystone plant food resources, a former source of protein, have decreased due to habitat
disturbance.

There has been a notable increase in the percentage of meat consumed by the omni-
frugivores in my study since the 1970s worldwide (Friedman’s test: X?=17.566, P= 0.000
df=2, N=36) (Table 3.3). Between the years 1970-1984, the average amount of meat in
the diets of my study species was 0.40% (SD=0.883, N=36). The percentage of meat
increased considerably to 1.01% (SD=2.028, N=36) between 1985-2000. The average
percent of meat in an omni-frugivore’s diet since the year 2001 is currently 1.59%
(SD=2.340, N=36)(Figure 3.5 and 3.6). Even the difference in the percentage of meat
consumed between time periods (between 1985-2000 and 2001-2015) was significant

(Post-hoc Wilcoxon test: P=0.035, N=36).
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Figure 3.5.The increase in meat intake from 1970-2015 worldwide.
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Omni-frugivore meat intake from 1970-2015
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Figure 3.6. The change in meat intake over time depicted as a box plot to
emphasize the distribution of each time period group.

The strongest change in percentage of meat in the diets of my study species occurred
between 1970-1984 and 2001-2015 (Post-hoc Wilcoxon test: P=0.00029). Overall (i.e.
1970-2014), the South American omni-frugivores in my study displayed the greatest
increase of meat consumption (from 0.20% in 1970 to 2.03% at present). The common
marmoset, a South American primate, exhibited the greatest increase in meat intake of all
species in the sample (increasing 10% between 1970 and 2015).

The group of African primates from 2001-2015 however included a greater total
proportion of meat in their diets compared to the diets of primates in other regions.
However over this study’s total time span (1970-2015), the African sample had a smaller
increase in consumption than the South American group. Meat intake by African species
in my sample only increased by 0.22% during the years 1970-2000 with a greater spike
after the year 2001 by 0.98%. Of all African species in my sample, bonobos (Pan
paniscus) exhibited the greatest increase in their dietary proportion of meat (2.12%).

Contrasting these results, omni-frugivore meat intake fluctuated across Asia, Central

America and Madagascar (Figure 3.6). Within Asia, for example, meat consumption by
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Japanese primates in my study actually decreased between 1985 and 2015. Among
Central American species in my study, meat intake increased from 1985-2000 but
decreased after the year 2001. Overall the average meat intake of Central American
omni-frugivores from my sample has remained comparatively high across the three time
periods (Figure 3.7). The results presented above support prediction six, that meat intake
by primates worldwide has increased since the year 1970. | should again note that

deforestation has increased since 1970, though I did not record the data.
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Figure 3.7 The change in meat percentages across time, differentiated by location. Japan and Indonesia are
separated from the rest of Asia since both countries are islands with different philosophies on primate
conservation (both to mainland Asia and each other). Indonesian omni-frugivores are highly endangered
and face a severe degree of deforestation while Japanese macaques have access to monkey centres, which
could decrease their meat intake (Hardus et al. 2012; Hanya, 2013)(see chapter four for details).



Table 3.3 The percentage of meat in omni-frugivore diets across time.*
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Location N Meat % SD Meat % SD Meat % SD
1970-1984 1970- 1985- 1985- 2001- 2001-
1984 2000 2000 2015 2015
Africa 9 1.09 1.326 1.31 1.405 2.29 2.097
Asia 3 0.00 0.00 0.67 1.155 0.17 | 0.289
Japan 3 0.00 0.00 2.33 4.041 1.10 | 1.015
Indonesia 5 0.00 0.00 0.00 .06 4213 | 0.114
South America 10 0.20 0.422 1.59 3.126 2.03 | 3.063
Central America 2 1.25 1.768 1.50 2121 1.25 1.768
Madagascar 4 0.00 0.00 0.50 1.000 0.06 0.115

SD=Standard Deviation.

3.7 SURVEY RESPONSES

I received ten responses from participants to my survey, which was not sufficient to

detect any trends. Therefore | did not use the results in my subsequent discussion. |

present the results of my survey in Appendix 6, as well as the questionnaire that |

distributed to participants (Appendix 5).




69

CHAPTER 4: DiscussION
4.1 RELATIONSHIP BETWEEN STRATA USE AND MEAT CONSUMPTION
Resource Partitioning.

I found no relationship between the protein content in plants and the percentage of meat
in omni-frugivore diets. The protein content of plants in the upper crown of a tree is
higher than those in the lower strata because increased light availability enables
photosynthesis (Brady, 1987; Ganzhorn et al., 1992; Sellin and Kupper, 2005). Therefore,
it is unlikely that the low protein values of plants found on the forest floor contributed to
the overall higher intake of meat by my terrestrial primate sample. Instead, my results
may be partly due to the different food items available to the sampled primates via
resource partitioning, which involves the continued use of differing foraging heights by
sympatric species.

Resource partitioning reduces agonism and resource competition between sympatric
species and conspecifics through the utilization of various food types present within
different strata heights (Sing et al. 2011; Zhou et al. 2014). Arboreal primates are more
likely to be frugivorous (Hemingway and Bynum, 2005) because they generally prefer to
forage at heights of 25-30 metres in the upper portion of the middle canopy and can
access a variety of plants (Florchinger et al. 2010). Fruit density can be 4.2 times higher
in the upper crown compared with ground level (Houle et al., 2014). Terrestrial primates,
on the other hand, exhibit more flexibility in their diets because fruit availability from
forest floor plants is not predictably distributed (Hemingway and Bynum, 2005).

Invertebrate density in tropical wet evergreen, dry and deciduous forests can be 2.6
times greater on the ground (Richardson et al., 2005). Fauna are attracted to terrestrial

plants, as the hot and windy microhabitat of the upper canopy is not ideal for their
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survival (Nadkarni et al. 1990). For example, there is a positive relationship between
plant size in the terrestrial Bromeliaceae tree family and faunal (e.g. beetles, frogs,
scorpions) density in the Liquillo Forest, Puerto Rica (Richardson, 1999; Beisiegal et al.
2006). Large invertebrates (e.g. millipedes) also prefer to subsist on decaying wood that
falls to the floor, and small vertebrates (e.g. amphibians and small reptiles) consume
insects hiding in leaf litter (Kays et al., 2013). It is probable that the high faunal density
on the ground provided more opportunities for those terrestrial primates sampled to
consume meat. 87% of the terrestrial/semi-terrestrial group were observed extracting
large invertebrates and small vertebrates from leaf litter, tree holes and decayed bark. A
troop of sampled L hoest monkeys (Cercopithecus [ 'hoesti), for example, caught 66% of
their prey from dead leaves and ground cover (Tashiro, 2006) and the semi-terrestrial
bearded capuchin (Sapajus libidinosus) from my South American sample, fed in
bromeliads (Frietas, 2008).

Marine invertebrates (e.g. molluscs and crabs) and vertebrates (e.g. fish) in particular
are also more abundant near the forest floor due to close proximity to water (Stewart et al.
2008; Russon et al. 2014). For instance, male Bornean orang-utans (Pongo pygmaeus)
catch catfish and snakehead fish from an inland stream in Kaja, an island near Borneo
(Russon et al. 2014). Half of the species in my terrestrial sample consume marine prey.
The proportion of primates that exploit marine prey and have accessibility to coastal
animals may have influenced the trend found in the terrestrial group. However, further
research is required to compare the prey encounter rates of my arboreal and terrestrial

omni-frugivores samples to verify these claims.
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Ranging patterns

Terrestrial omni-frugivores have longer daily path lengths (DPL), larger home ranges and
increased foraging times compared to arboreal primates to accommodate the forest floor’s
low plant density (Hemingway and Bynum, 2005; Kaplin, 2001). Longer DPLs and larger
home ranges may account for the trend in the diets of the sampled terrestrial omni-
frugivores by increasing their chances of encountering and consuming prey. My results
were in line with Gilby et al.’s 2013 study, which found that chimpanzees (Pan
troglodytes) exhibit a positive correlation between longer daily path lengths and
encounters/kills of red colobus (Procolobus badius). | found a positive correlation, albeit
a weak one, between daily path length and meat intake. Terrestrial omni-frugivores had
longer DPL’s and ate more meat, whereas arboreal omni-frugivores with shorter DPLS
ate less meat. Future research on the correlations between DPLs, frequency of prey
encounters and meat percentages is required to determine if DPL is, in fact, related to the
trend towards higher meat consumption percentages in terrestrial primate omni-frugivore
diets.

Foraging Strategies

The foraging strategies of terrestrial omni-frugivores may have contributed to the high
percentage of meat in their diets compared to arboreal ones. Terrestrial primates use
extractive foraging to exploit resources that are mixed within leaf litter or found in rotten
branches (e.g. seeds, tubers and rotten fruit) (Gibson, 1986; Clymer, 2006; McGraw and
Daegling, 2012; Melin et al., 2014). For example chacma baboons (Papio urisinus) dig
holes in the sand to locate tubers (Clymer, 2006) while chimpanzees probe sticks into tree

holes to search for honey (McGrew et al., 2005).
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Although there are arboreal extractive foragers (e.g. aye ayes [Daubentonia
madagascariensis] [Sefczek et al. 2012]), extractive foraging could be linked to high
meat intake in the terrestrial group for two reasons. First, extractive foraging increases the
opportunities for terrestrial primates to encounter prey, as they are already searching for
food in areas of high prey density (i.e. leaf litter) (Gunst et al. 2010; Rothman et al.,
2013). For example, chimpanzees probe sticks into holes to extract ants (a process known
as ant dipping) (Koops et al., 2015) and bearded capuchins use their fingers to catch
caterpillars hiding in the leaves that they are already exploiting (Meulman et al., 2012).
Second, primates need to use extractive methods to consume large invertebrates and
vertebrates (Gunst et al., 2010). Omni-frugivores must pound marine invertebrates, such
as crustaceans and clams, on stones in order to break their shells (Gumert, 2012). They
also snatch some invertebrates out of small tree holes, and probe the muscles and sinews
from the bone cavities of vertebrates (Milano et al., 2009; Xiang et al., 2013 see examples
below).

My data revealed that 61% of the terrestrial omni-frugivore sample is extractive
foragers. Some were described extracting meat from shellfish, (e.g. long-tail macaques
[Gumert, 2012] and bearded capuchins [Mannu and Ottoni, 2009]) or ripping apart
carcasses to access the muscles attached to the bones (e.g. Koshima Island Japanese
macaques (Macaca fuscata) discard the heads of temperate sea bass and pull the meat
from their ribs (Leca et al., 2007]), supporting my argument that extractive foraging
contributed to the trend of higher meat consumption by terrestrial omni-frugivores. A
potential reason why neotropical and Malagasy omni-frugivores showed no discrepancy

in strata-dependent meat intake is that neotropical monkeys and lemurs are predominantly
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arboreal (my neotropical sample only included one semi-terrestrial species). As such,
there were not enough terrestrial omni-frugivores in my neotropical or Madagascar
samples to detect any patterns.

4.2 THE EFFECT OF HABITAT ON MEAT CONSUMPTION

4.2.1 GLOBAL SAMPLE

Floristic composition of habitat types

Primate meat intake remained reasonably low for primates in all habitats, countering my
prediction that primates in drier habitats consume more meat than those in wetter
habitats. One plausible reason is that each habitat provides enough preferred resources for
omni-frugivores to consume due to each habitat’s unique phenological composition.
Consequently, any substantial meat requirements were reduced.

Tropical wet evergreen forests exhibit more heterogeneity than drier ones. They
consist of 80% of the world’s tree species (200 species per 0.1 hectare) and 50% of its
fauna (Singh and Sharma, 2009). As such, tropical forests consist of more edible
resources for primates to consume in lieu of meat. Wet forest groups consumed the
lowest amount of meat and 81% of sampled non-meat-eaters clustered in wet evergreen
forests, which may due to the heterogeneous landscape. For example, southeast
dipterocarp forests exhibit mast-fruiting events followed by long periods of low fruit
availability (Kanamori et al. 2012). 36% my South Asian omni-frugivore sample
accommodate these fluctuations through behavioural adaptations and eating the resources
present in dry seasons. They gorge on fruit to gain weight during periods of high fruit
abundance and broaden their diets to include the leaves, seeds, and figs available in lean

seasons (Hardus et al. 2009; Feeroz, 2011; Schulke et al. 2011; Kanamori et al. 2012). It



74

Is therefore possible that South Asian primates have little need for meat, as the resources
already present are sufficient. In African wet evergreen forests, Old World monkeys
concentrate on young leaves and seeds while New World monkeys in similar neotropical
forests, rely on the abundance of sap and fruit available (Stevenson, 2001; Brockman and
van Schaik, 2005). In Madagascar, the lack of omni-frugivores in general (due to the
relative low fruit density and extreme annual climatic fluctuations) and the reliance on
leaves by many that are frugivorous (Ganzhorn et al. 2009), may explain the low quantity
of meat ingested by lemurs.

4.2.2 SAVANNAH, WET EVERGREEN AND DRY EVERGREEN SAMPLE
Savannah-dwelling omni-frugivores ingested a greater quantity of meat compared with
those in wet evergreen or dry evergreen habitats. Meat eating does not occur more
frequently in savannahs during resource scarcity compared with other habitats, nor is
meat a significant component of savannah primate diets (Hunt and McGrew, 2002;
Bogart et al. 2011).

The data I collected reflects the above research but contrasts in one aspect. Like the
above research, the amount of meat ingested by savannah primates was low, which
suggests that it is not a critical diet component. Those sampled similarly did not increase
their meat intake in dry seasons (see Chapter 3, prediction 4). However, savannah
primates ingested more meat compared with those in dry and wet evergreen forests. The
greater degree of visibility in savannah habitats could have contributed to this trend.
Savannah habitats consist of rocky outcrops, short—statured xerophytic trees (1-20m) and
contain a low density of flowering plants) (Isbell and Pruetz, 2007;Alberts, 2007; Riginos

and Grace, 2008; Macho, 2014). There is also a negative correlation between tree density
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and visibility (Riginos and Grace, 2008). Short trees benefit the predatory rates of some
savannah primate species (e.g. chimpanzees and baboon spp.) (Uehera, 1997; Hunt and
McGrew, 2002) in that reduced canopy provides fewer avenues for prey to escape or hide
(Boesch et al. 1994). Chimpanzee hunting success for example, is higher in broken
canopies (Mitani and Watts et al. 2002). The mean tree height of habitats occupied by my
savannah-dwelling sample is 9.2 m. Comparatively those species in wet evergreen
habitats from Africa, Asia and the neotropics have average tree heights of 20 m (Daly and
Mitchell, 2000). Therefore, improved visibility in savannah habitats may be a likely cause
for the greater meat intake percentage in savannah primate diets.

4.3 THE INFLUENCE OF SEASONS ON MEAT CONSUMPTION

Decline of fruit biomass and nutrient balancing

The lack of nutrients in plant food items leads to increased hunting activity in some
primate species (Hladik, 1973; Stanford, 1996; Boesch and Boesch, 2000; Rose, 2001).
The trend | observed is consistent with the above-cited research, as 78% of hunters in my
sample caught prey more frequently in dry seasons. Resource diversity, nutritional
content and abundance during dry seasons partly depend on length: the longer the dry
season, the further the nutritional quality and abundance of lianas, epiphytes and plants
continues to decline (Hemingway and Byum, 2005). Primates in my neotropical sample
in particular are subjected to marked seasonality. The resource abundance in neotropical
dry forests decreases from an average 100 kg of fruit per hectare in wet seasons to 40 kg
of fruit per hectare in dry seasons (Stevenson, 2005). The neotropical group were
correspondingly all dry season hunters.

The fact that meat still constituted a respectively low percentage of all dry season
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hunter diets (average percentage of total diet: 1.87%) implies that meat is not a critical
resource during lean seasons, but rather a nutritional supplement consumed in balanced
quantities with fallback foods. Nutrient balancing is the concept that the nutritional goal
of foraging is to obtain nutrients in balanced proportions rather than to maximize the
profit of any single food component (Rothman and Chapman, 2012; Johnson et al. 2013).
Since many primates increase folivory during lean seasons, and young leaves consist of
more protein than other flora, protein intake may increase while carbohydrates, fats and
micronutrients decrease (Curtis, 2004; Felton et al. 2009; Irwin et al., 2014). Meat
provides these calories, macronutrients (e.g. protein and lipids) and micronutrients B6,
B12 and zinc (Milton, 2003; Snodgrass, 2009; Tennie et al., 2009). Primates require only
a small quantity of meat to fulfil their nutritional requirements, as it consists of high
concentrations of these macro and micronutrients (Tennie et al. 2009).

Forest structure: increased visibility during dry seasons

Chimpanzees and white-faced capuchins increase their hunting activity/success in broken
canopies: prey that otherwise remain hidden are visible in the sparser foliage and thus
encourage these species to hunt (Fedigan 1990; Boesch et al. 1994; Rose 1997}. My
research suggests a similar pattern. Decrease in crown volume coincides with the
reduction of fruit and leaves in forests during dry seasons (Hanya, 2013; Sato et al., 2014;
Irwin et al. 2014). 65% of the dry season hunter group reside in wet evergreen and dry
evergreen forests, which exhibit the greatest decrease in crown volume (on average 50%)
during dry seasons (Estrada-Medina et al., 2013). Furthermore, 85% of dry season
hunters hunt opportunistically when prey is in their direct line of sight, and are less

inclined to pursue the prey once it scurries into the foliage (e.g. black-crested gibbons
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[Fan et al. 2009]; saddle-back tamarins (Saguinus fuscicollis) [Nadjafzadeh et al., 2008]).
Thus, the dry season hunters in my sample experienced the effects of improved visibility
during this period.

4.4 THE RELATIONSHIP BETWEEN PROTEIN CONTENT AND MEAT INTAKE

Diverse food selectivity

The omni-frugivores in my sample (with the exception of African primates) did not
consume more meat when the protein content of plants was low; implying that meat
consumption is not influenced by plant protein values. There are many factors that
influence primate food selectivity besides protein content, including tannin levels,
micronutrients, lipid levels, carbohydrate levels and energy (Felton et al. 2009; Johnson,
2012). It is possible that these primates exhibit too much variation in food choice across
continents and habitats to detect any substantial trends. Furthermore, hunting may have
been too opportunistic to reveal any patterns, for example, red-tailed monkeys
(Cercopithecus ascanius) from Kibale National Park, Uganda, hunted green pigeons with
no predictable pattern (Furichi, 2006) and common brown lemurs (Eulemur fulvus)
opportunistically preyed on chameleons in the Malaza Forest, Madagascar (Simmen et al.
2003).

In contrast to my prediction and results above, | found that African primates in my
sample ate more meat as the protein value in the ingested plants increased, but this may
be due to the low number of species considered. My African sample was comprised of
only chimpanzees and baboon spp., with an above average percentage of meat in their
diet compared to other omni-frugivores (3.25% of total diet). The high meat intake of

these species and low protein content of the plants ingested (8.5% protein) may have
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reduced the difference between these two variables, thus exhibiting a false positive
correlation. The fact that | found no trend when | ran the test again without the outliers
indicates that these species most likely skewed my result towards a positive correlation
and suggests that other African primates followed a similar pattern to primate species on
other continents.

4.5 THE EFFECT OF HUNTING STRATEGIES ON PRIMATE MEAT CONSUMPTION
4.5.1 COOPERATIVE HUNTERS VERSUS OPPORTUNISTIC HUNTERS

Energetic cost-benefit ratios

| found cooperative hunters consumed more meat compared with opportunistic hunters,
and this result may be related to the profitability of each hunting strategy (cost/benefits of
energy). Inter and intra-specific variations in primate foraging strategies are often
associated with the energy available in the environment via food sources (Snodgrass et
al., 2009; Raichlen et al., 2011). Fruit such as Dialium aubrevillei consumed by Diana
monkeys (Cercopithecus diana) (Eckardt and Zuberbuhler, 2004) are energy-rich but also
require energy to exploit as they are patchily distributed. Meat consists of comparatively
more energy relative to fruit, and it therefore pays to hunt when the expected meat intake
is larger than the cost of hunting the prey (Boech et al.,1994) even though costs include
energy expenditure and injury risks (Fedigan, 1990; Boesch et al.,1994; Stanford, 1996;
Mitani and Watts, 2001). Opportunistic hunters must rely solely on their own energy to
capture prey. Through hunting cooperatively, primates mitigate these energetic costs by
pooling their energy together (Packer and Caro,1997; Boesch et al., 2002; Gilby, 2006).
Chimpanzee hunting success is positively correlated with party size (Boesch et al.,

2002; Mitani et al., 2002; Tennie et al.,2009). The use of multiple hunters not only
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divides hunting time and energy requirements in half, but also increases the potential for
ambushing the prey (e.g. chimpanzees block the escape routes of red colobus) (Boesch et
al., 2002; Gilby et al., 2007; Hohmann, 2009). In contrast, opportunistic hunters
(including those | sampled) often lose sight of their prey or are outrun (e.g. white-faced
capuchins [Rose, 1997]), increasing their failure rate (Furichi, 2005). The fact that 56%
of the opportunistic hunter sample pursue prey in wetter habitats with denser foliage (e.g.
peat swamp forest), which impairs visibility, implies that the opportunistic hunters are
subjected to these costs while hunting.

The pattern of cooperative hunters residing in savannah habitats may also be related to
the energetic costs and benefits of hunting. Longer high-speed chases and stamina are
crucial to hunting in savannah plains due to the open nature of the landscape and the
characteristics of the prey that reside there (Hohmann, 2009). Savannah prey species are
larger than forested ones and adapted towards high-speed running to manoeuvre the open
plain and avoid predators (Bro-Jgrgensen et al., 2013), for example, Thompson gazelles,
exploited by chimpanzees, can reach speeds of 80 km/h (May et al., 2013). Primates in
the cooperative hunter group most likely increase their energetic output while hunting
these species through including other troop members in their hunt, thus avoiding
exhaustion and increasing hunting success. More research is necessary to determine the
energy cost-benefits of opportunistic hunters.

4.5.2 MEAT SHARING
100% of my cooperative hunter sample and 63% of my opportunistic group shared meat,
and meat sharers ingested more meat compared to non-sharers. Primate food sharing

amongst kin and juveniles occurs in some omni-frugivore species (Feistner and McGrew
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1989) (e.g. chimpanzees [Boesch et al., 2010] bonobos [Hare et al., 2010], baboon spp.,
[King et al., 2013] capuchin spp. [Panger et al., 2002]). The benefit of sharing with non-
kin however is unclear as the recipient gains fitness benefits at the cost of the donor
(Gilby and Stevens, 2003). The ‘tolerated theft hypothesis’ suggests that food sharing
with beggars may avoid the added cost of injury or energy to the hunter (Jones, 1984).
For example, black-capped squirrel monkeys (Saimiri boliviensis) and chimpanzees are
four times more likely to share food with troop members that beg than those that do not,
in order to avoid harassment and stealing (Stevens, 2004; Gilby 2006). Meat-sharing in
my opportunistic hunter sample is in line with the tolerated theft hypothesis, given that a
majority of meat sharing instances occurred after prolonged begging (Gilby, 2006;
Hohmann and Fruth, 2008; Palmeira and Pianca, 2008). Additionally, sharing with other
hunters may have contributed to the meat-sharing pattern (Jaeggi and van Schaik, 2011).
Meat-sharers also gain reproductive benefits. Male chimpanzees will share with
females that are either in estrous or pregnant, a behaviour associated with the meat-for-
sex hypothesis (Stanford, 1994b; Mitani and Watts, 2001; Gilby, 2006; Hohmann, 2009).
Meat sharing provides reproductive females with extra calories without being subjected
to energetic costs or hunting-related injuries (McGrew, 1996; Gombe and Boesch, 2009;
Hohmann, 2009). All sampled primates (with the exception of bonobos) exhibited a
higher proportion of male hunters compared to females.-Meat-sharers also tended to hunt
larger prey relative to their body size while non-sharers hunted smaller prey (Tennie et
al., 2009; Jaeggi and van Schaik, 2011). As such, meat-sharers may ingest more meat
because they have access to a quantity of meat that can be divided and accordingly shared

for the aforementioned benefits whereas non-sharers catch prey that was too small to
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divide.
4.6 CHANGE IN MEAT INTAKE OVER TIME

Forest Fragments

Forest fragmentation seriously modifies landscapes (Marsh, 2013). Fragmentation
creates edges that are more susceptible to the effects of wind and sunlight (Broadbent et
al. 2008), which in turn increases primate parasite loads, physiological stress and hinders
their degree of survivability (Marsh, 2003; Lenz et al. 2014; Serio-Silvia, 2014). The
matrices abutting forest edges are generally agricultural land or open grassland (Pozo-
Montuy et al., 2011). Omni-frugivorous primates forced to live in fragments commonly
alter their diets to include greater proportions of leaves and non-native plants introduced
at the forests edge, or are drawn to anthropogenic foods found within agricultural fields
(Estrada, 2012).

97% of meat eaters in the 2001-2015 sample live in fragmented forested habitats with
fewer resources and reduced nutritional content compared with the two groups from
1970-2000. Red-tailed guenons in fragmented forests, for example, consume lower
amounts of crude protein compared with those in continuous forests (Rode et al., 2005).
As | discussed in prediction three, nutritional shortfalls may lead to hunting (Fedigan,
1990; Stanford, 1996; Rose, 1997). The 2001-2015 group may have consumed meat at a
higher rate to compensate for nutrient depletion/low fruit abundance in forest fragments,
as animal protein provides both macro and micronutrients.

Seven species in my sample living in forest fragments in Asia and South America were
noted consuming meat to avoid starvation (e.g. long-tailed macaques [Gunst et al., 2012].

Barbary macaques [Young et al., 2012], Sumatran orang-utans [Hardus et al., 2012),
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capuchin spp., (Ceballos-Magos and Chivers, 2012]). For example, an inverse
relationship was found between low plant-food availability and slow loris consumption in
Sumatran orang-utans (Hardus et al., 2012). Primates in my African sample also
consumed the greatest amount of meat when all time periods and continents were
considered. This finding is likely due, in part, to the fact that Africa consists of lower fruit
tree abundance compared with many of the other continents (Sing and Sharma, 2009).
Deforestation leading to low fruit abundance may have influenced African primates to
adapt their diets to include more meat than those on other continents. Fragmentation may
also influence primate meat intake via confined borders and improved visibility.
Confined borders reduce home ranges and force primates and their prey species into
closer proximity, which therefore increases prey encounters (Sanford, 1996).
Chimpanzees at Ngogo National Park are on the verge of causing a local extinction of red
colobus due to home range reduction and more frequent hunting of these colobines
(Amsler and Watts, 2013). Fragments also improve visibility. Slash and burn agriculture
prevents tree regrowth and forces animals to flee while selective logging removes trees
that are essential hiding spots, thus making prey easy to spot (Chapman et al., 2006).

Ten primates in my sample that live in fragmented forests have only recently been
observed eating meat, which also suggests that the increased meat intake is related to
fragmentation (e.g. Barbary macaques [Young et al., 2012]; black-crested gibbons [Fan et
al. 2009). For example, Bornean orang-utans were never observed eating meat prior to
the 21% century, yet predation events in selectively logged forests have been observed
since 2009 (see Russon et al. 2014 and Buckley et al. 2015). Stewart et al. (2008) raised

the question of whether new research methods are related to the increase. New
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technologies such as faecal analyses and camera traps enable detailed observations of
primate behaviour and diet. In the case of my study, it is unlikely that these new
technologies extensively impacted measures of meat consumption, as 80% of the primate
species currently reported eating meat were observed doing so via focal animal sampling,
which is the same method used in the 20" Century.

Forest edge and matrix

Forest edges offer more vertebrate prey and potential prey encounters (Lenz, 2014) and
some reptile species actually thrive near the forest edges and in human-modified
landscapes (Estrada, 2013; Turner, 2012). For instance, white-faced capuchins in a forest
fragment near Santa Rosa, Costa Rica, ate more vertebrates than those in the continuous
forest (Fedigan and Chapman, 1990), as did saddleback tamarins (Saguinus fuscicollis) in
northeastern Peru (Kupsch et al., 2014). Of the primates | sampled, 88% are edge-
tolerant species (classified by the researchers). These edge tolerant species could
potentially consume more prey since they forage at forest edges (see Fig 3.9-3.12, pp 67-
68). Actual data is needed, however, to verify my claim. My African sample consisted of
primates that consumed the greatest amount of meat overall, and this sample included the
greatest number of edge-tolerant species.

The link between forest edges and meat consumption is stronger when crop raiding is
considered. Edge-tolerant species are willing to risk navigating in an open matrix in order
to consume crops in shaded coffee, palm oil, and eucalyptus plantations in lieu of natural
food resources (Estrada, 2013), and prey items can be found here: for example, Tonkean
macaques consumed frogs and lizards nested in cocoa leaves (Riley, 2013) and golden-

headed lion tamarins (Leontopithecus chrysomelas), consumed more prey than the
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forested group, as bromeliads-planted near their preferred fruit, Atrocarpus heterophyllus,
attracted frogs, centipedes and beetles (Oliveira et al. 2009). Chimpanzees and capuchins
have also been observed leaving forest fragments to hunt livestock (e.g. chickens) within
the past ten years (Hockings et al., 2012). Such behaviour infers that domesticated prey
becomes accessible through continued modifications of forested landscapes. In sum, this
pattern of increased meat consumption may be related to both the increasing forest
fragmentation and edge effects. Figures 4.1-4.4 presented on pages 85-86 depict two sites
from my study where primates are exposed to edge effects and deforestation.

Pan-Continental Patterns of Fragmentation

| found that increases in meat intake over the three time periods coincide with increases
of deforestation worldwide, suggesting a relationship. South America has been the most
impacted by such deforestation compared with other countries and continents. From
1990-2005, Brazil alone accounted for 47.8% of global forest loss followed by Indonesia
(12.8%) while Africa contributed 5.78% (Hansen et al., 2008). Following World War I,
Latin American governments integrated with the global economy (Estrada, 2009) and
recognized the monetary value of their resources (e.g. soybean, copper, gold and ore)
(Rudel et al. 2009). After 1970, the governments converted to commercial agriculture
(Skole et al. 1994), and vast areas have been deforested, e.g. pasture area in Ecuador
increased from 2.2 million to 6.6 million ha in 17 years (Masandl et al., 2008). South
American primates in my study exhibited the highest increase in meat intake over time
(0.20- 2.03%), reflecting such forest loss (Mosandl et al., 2008). The most marked change
for sampled South American primates occurred between 1985-2000, following rapid

urbanization and the influx of international companies extracting timber, minerals and oil
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Fig 4.2 The edge of the Tai forest and buttressing matrix, indicated by the red square in 1988 (Ieft) and 2015 (right).

In 2015 the matrix has been converted to farmland and is larger. Both images to scale at 1132 m. (Photos from Google Earth).

85



Data S10, NOAA, U.S. Navy, NG
Image © 2015 DigitalGlob
Image © 2015 CNES / A'ﬂ,rjum

Fig 4.3. Satellite view of Santa Rosa National Park, Costa Rica, 2014.
(Photo from Google Earth).
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Fig 4.4 A forest fragment in Santa Rosa National Park in 1970 (right), 2002 (centre) and 2014 (right). The red suare indicates the forest fragment. A road is
visible after 2002 and the forest fragment is visibly smaller. All three images are to scale at 341 m. (Photos from Google Earth
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(Rudel et al. 2008; Southgate et al. 2008).

Forest loss in South Asia, particularly in Indonesia, follows South America (Hansen et
al., 2008; Jepma, 2014). After 1967, small farms were transitioned to industrial-scale
agriculture and converted to palm oil plantations (Haeuber et al., 1996; Lee et al., 2013).
Between 2000-2010 over 3,508 hectares of mangrove and peat swamp forests were lost to
the palm oil industry (Lee et al. 2013). Indonesian primates consumed the greatest
amount of meat between 2001-2015, when deforestation intensified. In contrast to South
America, however, meat eating by Indonesian omni-frugivores had never been observed
between 1970-2000.

African primates followed the same pattern as South American ones, consistently
increasing their meat intake from 1970-2015. During the 1980s, demand from developed
countries for commodities such as diamonds, cacao beans and wood, pressured African
governments to expand agricultural and timber production, and additionally create 51,
916 km of new roads (Rudel and Ropper, 1996; Laporte et al., 2007 Gibbs et al., 2010).
Since 2000, the rate of deforestation has intensified further and is currently four times the
world average (Alberts et al. 2014). African governments converted more of the
landscape to agricultural farmland (Gibbs et al., 2010) and with land-shortages in
Indonesia and Malaysia, multinational agribusinesses and palm oil companies targeted
African tropical forests to accommodate rising palm oil exports (Linder et al., 2013; Wich
etal., 2014; Abraham et al., 2014). Primates in my African sample ingested the greatest
amount of meat during the 2001-2015 time period, which coincides with this palm oil

expansion and reliance on agribusinesses (Fitzgerald et al., 2013).
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CHAPTER 5. CONCLUSION

Meta-analyses are useful for studying primate conservation because they are starting
points for conducting analyses and identifying patterns for future research. Meta-analyses
can help assess the effect of a threat to primate sustainability (e.g. loss of a specific
fruiting tree species) on a variety of other variables connected to primate conservation
(e.g. mortality rates, group sizes and species distribution) and by doing so, narrow down
where the threat is acute. One potential study on primate conservation via meta-analysis
could involve assessing how the density of fruiting trees and primate species, as well as
fragment size, affects primate group size. The results could help discern if there is a
tendency for group sizes to be impacted by one factor in particular and consequently,
conservation biologists could tailor their research plans accordingly.

My meta-analysis explored the influence of seasons, habitats, resource abundance
and anthropogenic forest fragmentation on primate meat consumption. My results
demonstrate that meat eating is strongly associated with terrestrial primates, generally
more prevalent in drier habitats and seasons, and verifies that the average percentage of
meat in omni-frugivore diets increased over the last 45 years. These patterns point toward
the conclusion that meat eating may be related to: nutritional stress, resource scarcity and
fragmentation. I must emphasize however that as my study was a preliminary meta-
analysis, I only found general trends, which require future investigation. For instance,
further work should be done to verify if omni-frugivores ingest a greater amount of meat
in dry seasons compared to wet seasons. My study indicates that omni-frugivores
generally hunt more frequently in dry seasons but I could not discern if they ate greater

quantity of meat in dry seasons. Studies on a population level that use fecal analyses to
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compare the traces of stable isotopes carbon 13 and nitrogen 15 in primate feces between
seasons should be conducted in the future. The presence of bone fragments in primate
feces would also indicate meat consumption. Such studies would account for variation in
primate diets (by focusing on a single primate population rather than making
generalizations) when combined with focal animal sampling. Ultimately however, my
research best serves as a platform to generate future research on primate conservation by
extending one focus of conservation onto meat consumption.

The current state of primate conservation is tenuous. In the past ten years the field of
primatology has made some progress in conservation by placing emphasis on studying
primates in forest fragments and valuing long-term research studies and local community
involvement (Estrada et al., 2012; Shanee et al., 2012; Blanco and Waltert, 2013; Marsh
etal., 2013; Salmona et al., 2014; Mugume et al., 2015; Gould and Andrianomena, 2015;
Gould and Gabriel, 2015). However conservationists equally face several hindrances to
primate sustainability. Some of the long-term effects of fragmentation are now appearing
in primate populations and strides in primate conservation are restricted by local socio-
economical trends (e.g. lack of funding and illegal bushmeat hunting/logging) (Estrada et
al., 2012; Chapman et al., 2013; Marsh, et al., 2013).

Assessing the suitability and sustainability of primate habitats involves considering
the relationship between primates and their environment on regional and temporal scales
(Chapman et al., 2013). Comparisons of ranging patterns, resource use and the health of
primates across time and space can provide valuable insight into ideal habitat conditions
or act as warnings to a fragment’s unsuitability (Estrada et al., 2012; Hoffmann et al.,

2012; Tesfaye et al., 2013; Behie and Pavelka, 2013; Chapman et al., 2013; Arroroyo-
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Rodriguez et al., 2013; Campera et al., 2014). My meta-analysis was one of the first
studies to address the relationship between habitat loss and primate meat intake. The
pattern that emerged was that meat intake increased over time in areas with forest loss
(particuarly South America) or in habitats already vulnerable to resource scarcity (e.g.
savannahs). The trend presented here may signify that habitats are becoming increasingly
unsuitable for primate sustainability and that primates are including meat in their diets as
an adaptation to changing environmental conditions. Therefore, conservation
biologists/primatologists should begin to monitor the meat intake of their study species as
a marker of habitat degradation (as well as the fact that the inclusion of too much meat
could be detrimental to their health [Hohmann, 2009]).

My study was broad and the original data were collected by a variety of researchers.
Localized long-term non-invasive surveys (transect surveys) on the temporal changes of
both the meat content in the diets of primates and their fragmented habitats, combined
with faecal analysis, could provide a fine-grained picture of how or if primate meat intake
has changed in the context of fragmentation. Furthermore, these analyses can assess the
impact that such a change in diet will cause both ecologically and to local primate
populations. Work of this kind could help to understand primate prey-predator dynamics
and a habitat’s ecological limit at specific population levels instead of the global
perspective | took in my meta-analysis. Although meat can act as a nutritional
supplement (Fedigan, 1990) and enable ecologically flexible omni-frugivores to
proliferate in fragments in the short term (e.g. L’Hoest monkeys [Cercopithecus [ hoesti]
[Tashiro, 2006]), the increase or introduction of meat in primate diets could disrupt

ecological balances (through over exploiting the prey) or indicate that primates are
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outpacing their resources. One study, by Amsler and Watts (2013), found that
chimpanzees (Pan troglodytes) in Ngogo National Park, Uganda increased their intake of
red colobus (Procolobus badius) and concluded that the local population of red colobus
will be extinct in ten years. Their focus on meat intake illuminated the impact that meat
intake had on both the local populations of chimpanzees (increased border patrols and
travel times) and red colobus. The engagement of site-by-site long-term surveys that
focus on meat intake thus will assist with tailoring conservation plans that account for
variation in resources and prey-predator relationships. Furthermore, long-term surveys on
primate meat consumption may also assess if the rise in meat intake is due to data
collection bias or new technology, e.g. camera traps and faecal analysis (Leca et al.,
2007; Blake et al., 2010; LaFleur et al., 2014), although I believe this is unlikely (as |
outlined in 4.6.1).

Literature on primate populations persisting in fragmented forests also suggests the
health of such populations is declining and this decline is generally attributed to
transmittable diseases and malnutrition (Chapman et al., 2005; Goldberg et al., 2008;
Balestri et al., 2014). In the past decade the emergence of transmittable diseases such as
Ebola and swine flu has had a devastating impact on primates, particularly great apes
(Chapman et al., 2012). Continuous environmental changes and increased proximity
between humans and primates promote the likelihood of sharing infectious diseases
(Chapman et al., 2012). Genetic similarities between bacteria from humans, livestock and
primates also increased three-fold as anthropogenic disturbance within fragments went
from moderate to high over time (Chapman et al., 2013). An Ebola outbreak was credited

as the cause of death for 25% of the Tai forest chimpanzee population in 1994 (Formenty
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et al., 1999) and red-tailed guenons from Uganda contracted human-transmitted
Escherichia coli after habitually entering human settlements to raid crops (Goldberg et
al., 2008). Preventative measures have been taken to reduce the chances of transmitting
disease, and amendments to primate tourism (i.e. the viewing of wild primates in
sanctuaries or nature parks) are being implemented to reduce disease transmission, e.g.
some sites have increased the tourist distance from 5m to 10m (Russon and Wallis,
2014).

Meat eating is tied to the transmission of some primate diseases between both
humans and other primates (Ragir, 2000; Newton-Fisher, 2015). For Tai forest
chimpanzees, the consumption of meat was the highest risk factor for Ebola infection and
the risk increased with the quantity of red colobus eaten (Formenty et al., 1999). My
findings inferred that meat intake increased with fragmentation and areas already
susceptible to disease. As such, my study acts as a potential starting point to observe if
meat eating is augmenting primate disease — especially since my data revealed that meat
intake is likely rising. Furthermore, close contact between humans, primates and
livestock multiplies disease risk (Goldberg et al., 2008) and some of the primate species |
sampled consumed meat near the forest edge, or ate livestock and old meat (e.g. chicken)
thrown away by tourists or locals from urban centres (e.g. chimpanzees and tufted
capuchins [Hockings et al., 2012); long-tailed macaques [Fuentes et al., 2011). Human
management of resources is known to have considerable impact on primate behaviour
and diets (Chapman et al., 2012; Wich et al., 2012; Wilson et al., 2014). Although no
instances of disease were reported in the above-mentioned studies, researchers should

consider the implications of where and how tourists deposit unfinished meat products and
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re-evaluate the proximity of livestock to forest fragments to prevent disease.

In sum, the fact that meat eating-occurred infrequently in the past, and is now
becoming more prevalent in areas of habitat degradation, indicates a problem for primate
survivability. | was only able to detect general trends in this meta-analysis, it is my hope
that more detailed studies at population levels on primate meat consumption are
undertaken in order to adequately understand primate nutrition and make strides in

conservation by protecting sustainable primate diets in threatened forests.



94

References Chapter 1.

Abram, N. K., Meijaard, E., Wells, J. A., Ancrenaz, M., Pellier, A. S., Runting, R. K., ... & Mengersen, K.
(2015). Mapping perceptions of species' threats and population trends to inform conservation efforts: the
Bornean orangutan case study. Diversity and Distributions, 21(5), 487-499.

Albert, A., McConkey, K., Savini, T., & Huynen, M. C. (2014). The value of disturbance-tolerant
cercopithecine monkeys as seed dispersers in degraded habitats. Biological Conservation, 170, 300-310.

Altmann, S. A. (2009). Fallback foods, eclectic omnivores, and the packaging problem. American journal
of physical anthropology, 140(4), 615-629

Baranga, D., Basuta, G. 1., Teichroeb, J. A., & Chapman, C. A. (2012). Crop raiding patterns of solitary and
social groups of red-tailed monkeys on cocoa pods in Uganda. Tropical Conservation Science, 5(1), 104-
111.

Barton, Robert A., and Andrew Whiten. 1994. “Reducing Complex Diets to Simple Rules: Food
Selection by Olive Baboons.” Behavioral Ecology and Sociobiology 35 (4): 283-93.

Beaune, D., Bretagnolle, F., Bollache, L., Hohmann, G., Surbeck, M., Bourson, C., & Fruth, B. (2013). The
Bonobo-Dialium positive interactions: seed dispersal mutualism. American journal of primatology, 75(4),
394-403.

Begun, D. R., Nargolwalla, M. C. and Kordos, L. (2012), European Miocene Hominids and the Origin of
the African Ape and Human Clade. Evol. Anthropol., 21: 10-23. doi: 10.1002/evan.20329

Begun, D. R. (2015). Fossil Record of Miocene Hominoids. Handbook of Paleoanthropology, 1261-1332.

Benchimol, M., & Peres, C. A. (2014). Predicting primate local extinctions within “real- world” forest
fragments: A pan- neotropical analysis. American journal of primatology, 76(3), 289-302.

Boesch, Christophe. 2002. “Cooperative Hunting Roles among Tai Chimpanzees.” Human Nature 13
(1): 27-46. doi:10.1007/s12110-002-1013-6.

Boesch, C. (1994). Cooperative hunting in wild chimpanzees. Animal Behaviour, 48(3), 653-667.

Bowler, Mark, and Richard E. Bodmer. 2011. “Diet and Food Choice in Peruvian Red Uakaris (Cacajao
Calvus Ucayalii): Selective or Opportunistic Seed Predation?” International Journal of Primatology 32 (5):
1109-22. doi:10.1007/s10764-011-9527-6.

Brockman, D. K., & van Schaik, C. P. (2005). Seasonality in primates: studies of living and extinct
human and non-human primates (Vol. 44). Cambridge University Press.

Butynski, Thomas M. 1982. “Vertebrate Predation by Primates: A Review of Hunting Patterns and Prey.”
Journal of Human Evolution 11 (5): 421-30. doi:10.1016/S0047-2484(82)80095-X.

Campbell-Smith, Gail, Miran Campbell-Smith, lan Singleton, and Matthew Linkie. 2011. “Raiders of
the Lost Bark: Orangutan Foraging Strategies in a Degraded Landscape.” PLoS ONE 6 (6): €20962.
doi:10.1371/journal.pone.0020962.

Campbell- Smith, G., Sembiring, R., & Linkie, M. (2012). Evaluating the effectiveness of human—
orangutan conflict mitigation strategies in Sumatra. Journal of Applied Ecology, 49(2), 367-375.

Canale, Gustavo Rodrigues, Maria Cecilia Martins Kierulff, and David John Chivers. 2013. “A Critically
Endangered Capuchin Monkey (Sapajus Xanthosternos) Living in a Highly Fragmented Hotspot.” In
Primates in Fragments, edited by Laura K. Marsh and Colin A. Chapman, 299-311. Developments in



95

Primatology: Progress and Prospects. Springer New York.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4614-8839-2 _20.

Carretero-Pinzon, X., Defler, T. R., & Ferrari, S. F. (2008). Observation of black-capped capuchins (Cebus
apella) feeding on an owl monkey (Aotus brumbacki) in the Colombian Llanos. Neotropical Primates,
15(2), 62-63.

Caton, J. M., Hill, D. M., Hume, 1. D., & Crook, G. A. (1996). The digestive strategy of the common
marmoset, Callithrix jacchus. Comparative Biochemistry and Physiology Part A: Physiology, 114(1), 1-8.

Chapman, Colin A. 1995. “Primate Seed Dispersal: Coevolution and Conservation Implications.”
Evolutionary Anthropology: Issues, News, and Reviews 4 (3): 74—82. doi:10.1002/evan.1360040303.

Chapman, Colin A., Lauren J. Chapman, Karen A. Bjorndal, and Daphne A. Onderdonk. 2002.
“Application of Protein-to-Fiber Ratios to Predict Colobine Abundance on Different Spatial Scales.”
International Journal of Primatology 23 (2): 283-310. doi:10.1023/A:1013831511405.

Chapman, Colin A., Joanna E. Lambert, Tyler R. Bonnell, Jan F. Gogarten, Patrick A. Omeja, Dennis
Twinomugisha, Michael D. Wasserman, and Jessica M. Rothman. 2013. “Are Primates Ecosystem
Engineers?” International Journal of Primatology 34 (1): 1-14. doi:10.1007/s10764-012-9645-9.

Chaves, Oscar M., Kathryn E. Stoner, Sergio Angeles-Campos, and Victor Arroyo-Rodriguez. 2011,
“Wood Consumption by Geoffroyi’s Spider Monkeys and Its Role in Mineral Supplementation.” PLoS
ONE 6 (9): €25070. doi:10.1371/journal.pone.0025070.

Chaves, Oscar M., Kathryn E. Stoner, and Victor Arroyo-Rodriguez. 2012. “Differences in Diet Between
Spider Monkey Groups Living in Forest Fragments and Continuous Forest in Mexico.” Biotropica 44 (1):
105-13. doi:10.1111/1.1744-7429.2011.00766.x.

Clauss, Marcus, W. Jiirgen Streich, Charles L. Nunn, Sylvia Ortmann, Gottfried Hohmann, Angela
Schwarm, and Jiirgen Hummel. 2008. “Hohmann, G. (2009). The Diets of Non-Human Primates:
Frugivory, Food Processing, and Food Sharing. In The Evolution of Hominin Diets (pp. 1-14). Springer
Netherlands.” Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology 150
(3): 274-81. doi:10.1016/j.cbpa.2008.03.012.

Clutton-Brock, T. H. 1975. “Ranging Behaviour of Red Colobus (Colobus Badius Tephrosceles) in
the Gombe National Park.” Animal Behaviour 23, Part 3 (August): 706-22. doi:10.1016/0003-
3472(75)90147-5.

Clutton- Brock, T., & Janson, C. (2012). Primate socioecology at the crossroads: past, present, and future.
Evolutionary Anthropology: Issues, News, and Reviews, 21(4), 136-150.

Constantino, Paul J., and Barth W. Wright. 2009. “The Importance of Fallback Foods in Primate
Ecology and Evolution.” American Journal of Physical Anthropology 140 (4): 599—602.
doi:10.1002/ajpa.20978.

Crompton, Robin Huw, Mary L. Blanchard, Sam Coward, R. McNeill Alexander, and Susannah K.
Thorpe. 2010. “Vertical Clinging and Leaping Revisited: Locomotion and Habitat Use in the Western
Tarsier, Tarsius Bancanus Explored Via Loglinear Modeling.” International Journal of Primatology 31 (6):
958-79. doi:10.1007/s10764-010-9420-8.

Cunha, André A., Marcus V. Vieira, and Carlos E. V. Grelle. 2006. “Preliminary Observations on
Habitat, Support Use and Diet in Two Non-Native Primates in an Urban Atlantic Forest Fragment: The
Capuchin Monkey (Cebus Sp.) and the Common Marmoset (Callithrix Jacchus) in the Tijuca Forest, Rio de
Janeiro.” Urban Ecosystems 9 (4): 351-59. d0i:10.1007/s11252-006-0005-4.


http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4614-8839-2_20

96

Dominguez-Rodrigo, M. 2014. “Is the ‘Savanna Hypothesis’ a Dead Concept for Explaining the
Emergence of the Earliest Hominins?” Current Anthropology 55 (1): 59-81. doi:10.1086/674530.

Donati, Giuseppe, Kristina Kesch, Kelard Ndremifidy, Stacey L. Schmidt, Jean-Baptiste Ramanamanjato,
Silvana M. Borgognini-Tarli, and Joerg U. Ganzhorn. 2011. “Better Few than Hungry: Flexible Feeding
Ecology of Collared Lemurs Eulemur Collaris in Littoral Forest Fragments.” PLoS ONE 6 (5): e19807.
doi:10.1371/journal.pone.0019807.

Emery Thompson, Melissa. 2013. “Comparative Reproductive Energetics of Human and Nonhuman
Primates.” Annual Review of Anthropology 42 (1): 287-304. doi:10.1146/annurev-anthro-092412-155530.

Eriksson, O. (2014). Evolution of angiosperm seed disperser mutualisms: the timing of origins and their
consequences for coevolutionary interactions between angiosperms and frugivores. Biological Reviews.

Estrada, A. (2013). Socioeconomic Contexts of Primate Conservation: Population, Poverty, Global
Economic Demands, and Sustainable Land Use. American journal of primatology, 75(1), 30-45.

Fahy, Geraldine E., Michael Richards, Julia Riedel, Jean-Jacques Hublin, and Christophe Boesch.
2013. “Stable Isotope Evidence of Meat Eating and Hunting Specialization in Adult Male Chimpanzees.”
Proceedings of the National Academy of Sciences 110 (15): 5829-33. doi:10.1073/pnas.1221991110.

Fan, P., Ni, Q., Sun, G., Huang, B., & Jiang, X. (2009). Gibbons under seasonal stress: the diet of the black
crested gibbon (Nomascus concolor) on Mt. Wuliang, Central Yunnan, China. Primates, 50(1), 37-44.

Fan, Peng-Fei, Han-Lan Fei, Matthew B. Scott, Wen Zhang, and Chang-Yong Ma. 2011. “Habitat
and Food Choice of the Critically Endangered Cao Vit Gibbon (Nomascus Nasutus) in China: Implications
for Conservation.” Biological Conservation 144 (9): 2247-54. doi:10.1016/j.biocon.2011.05.016.

Fedigan, Linda Marie. 1990. “Vertebrate Predation in &lt;i&gt;Cebus Capucinus&lt;/i&gt;: Meat Eating in
a Neotropical Monkey.” Folia Primatologica 54 (3-4): 196-205. doi:10.1159/000156444.

Felton, Annika M., Adam Felton, David B. Lindenmayer, and William J. Foley. 2009. ‘“Nutritional
Goals of Wild Primates.” Functional Ecology 23 (1): 70-78. doi:10.1111/.1365-2435.2008.01526.x.

Fleagle, J. G. (2013). Chapter 10 Primate Fossil Records In Primate Adaptation and Evolution: 3rd Edn.
Academic Press.

Fleagle, J.G and Chris Gilbert (2013). Primat Evolution. Noel Rowe, Marc Myers, eds. All the World’s
Primates, http://www.alltheworldsprimates.org/john_fleagle public.aspx . Primate Conservation Inc.,
Charlestown RI

Fuentes, A., Rompis, A. L., Putra, I. G. A. A., Watiniasih, N. L., Suartha, I. N., Soma, I. G., ... & Selamet,
W. (2011). Macaque behavior at the human—monkey interface: the activity and demography of semi-free-
ranging Macaca fascicularis at Padangtegal, Bali, Indonesia. Monkeys on the edge: ecology and
management of long-tailed macaques and their interface with humans, 159-179.

Fuentes, Agustin. 2012. “Ethnoprimatology and the Anthropology of the Human-Primate Interface*.”
Annual Review of Anthropology 41 (1): 101-17. doi:10.1146/annurev-anthro-092611-145808.

Ganzhorn, Jorg U. 1992. “Leaf Chemistry and the Biomass of Folivorous Primates in Tropical
Forests.” Oecologia 91 (4): 540-47. doi:10.1007/BF00650329.

Ganzhorn, J. U., Arrigo-Nelson, S., Boinski, S., Bollen, A., Carrai, V., Derby, A., ... & Wright, P. C.
(2009). Possible fruit protein effects on primate communities in Madagascar and the Neotropics. PLoS One,
4(12), e8253.


http://www.alltheworldsprimates.org/
http://www.primate.org/

97

Gaulin, S. J., Kurland, J. A., & Strum, S. C. (1976). Primate predation and bioenergetics.

Gebo, Daniel L. 2011. “Vertical Clinging and Leaping Revisited: Vertical Support Use as the
Ancestral Condition of Strepsirrhine Primates.” American Journal of Physical Anthropology 146 (3): 323—
35. doi:10.1002/ajpa.21595.

Gilby, Ian C., and Richard W. Wrangham. 2007. “Risk-Prone Hunting by Chimpanzees (Pan
Troglodytes Schweinfurthii) Increases during Periods of High Diet Quality.” Behavioral Ecology and
Sociobiology 61 (11): 1771-79. doi:10.1007/300265-007-0410-6.

Gilby, lan C. 2006. “Meat Sharing among the Gombe Chimpanzees: Harassment and Reciprocal
Exchange.” Animal Behaviour 71 (4): 953—63. doi:10.1016/j.anbehav.2005.09.009.

Gingerich, P. D. (2012). Primates in the Eocene. Palaeobiodiversity and Palaeoenvironments, 92(4), 649-
663.

Godinot, M. (2015). Fossil Record of the Primates from the Paleocene to the Oligocene. In Handbook of
Paleoanthropology (pp. 1137-1259). Springer Berlin Heidelberg.

Gonzalez-Zamora, A., Arroyo-Rodriguez, V., Escobar, F., Ros, M., Oyama, K., Ibarra-Manriquez, G., ... &
Chapman, C. A. (2014). Contagious deposition of seeds in spider monkeys’ sleeping trees limits effective
seed dispersal in fragmented landscapes. PloS one, 9(2), e89346.

Gould, L., Sussman, R. W., & Sauther, M. L. (1999). Natural disasters and primate populations: the effects
of a 2-year drought on a naturally occurring population of ring-tailed lemurs (Lemur catta) in southwestern
Madagascar. International Journal of Primatology, 20(1), 69-84.

Gould, L., Sussman, R. W., & Sauther, M. L. (2003). Demographic and life- history patterns in a
population of ring- tailed lemurs (Lemur catta) at Beza Mahafaly Reserve, Madagascar: A 15- year
perspective. American Journal of Physical Anthropology, 120(2), 182-194.

Gould, L& LaFleur M.,(2009). Feeding outside the forest: the importance of crop raiding and an invasive
weed in the diet of gallery forest ring-tailed lemurs (Lemur catta) following a cyclone at the Beza Mahafaly
Special Reserve, Madagascar. Folia Primatologica, 80(3), 233-246.

Gould, L., Power, M. L., Ellwanger, N., & Rambeloarivony, H. (2011). Feeding behavior and nutrient
intake in spiny forest- dwelling ring- tailed lemurs (Lemur catta) during early gestation and early to mid-
lactation periods: Compensating in a harsh environment. American journal of physical anthropology,
145(3), 469-479.

Gouveia, S. F., Villalobos, F., Dobrovolski, R., Beltrao- Mendes, R., & Ferrari, S. F. (2014). Forest
structure drives global diversity of primates. Journal of Animal Ecology, 8§3(6), 1523-1530.

Groves, Colin, and Myron Shekelle. 2010. “The Genera and Species of Tarsiidae.” International
Journal of Primatology 31 (6): 1071-82. doi:10.1007/s10764-010-9443-1.

Guinness, S., & Taylor, D. (2014). Farmers’ Perceptions and Actions to Decrease Crop Raiding by Forest-
Dwelling Primates Around a Rwandan Forest Fragment. Human Dimensions of Wildlife, 19(2), 179-190.

Gursky, Sharon. 2002. “The Behavioral Ecology of the Spectral Tarsier, Tarsius Spectrum.”
Evolutionary Anthropology: Issues, News, and Reviews 11 (6): 226-34. doi:10.1002/evan.10035.

Hanya, Goro, Pablo Stevenson, Maria van Noordwijk, Siew Te Wong, Tomoko Kanamori, Noko
Kuze, Shin-ichiro Aiba, Colin A. Chapman, and Carel van Schaik. 2011. “Seasonality in Fruit Availability



98

Affects Frugivorous Primate Biomass and Species Richness.” Ecography 34 (6): 1009—-17.
doi:10.1111/5.1600-0587.2010.06775 ..

Hanya, Goro, Pablo Stevenson, Maria van Noordwijk, Siew Te Wong, Tomoko Kanamori, Noko Kuze,
Shin-ichiro Aiba, Colin A. Chapman, and Carel van Schaik. 2011. “Seasonality in Fruit Availability
Affects Frugivorous Primate Biomass and Species Richness.” Ecography 34 (6): 1009—-17.
doi:10.1111/5.1600-0587.2010.06775 .x.

Hanya, Goro, and Colin A. Chapman. 2013. “Linking Feeding Ecology and Population Abundance: A
Review of Food Resource Limitation on Primates.” Ecological Research 28 (2): 183-90.
do0i:10.1007/s11284-012-1012-y.

Hardus, Madeleine E., Adriano R. Lameira, Astri Zulfa, S. Suci Utami Atmoko, Han de Vries, and
Serge A. Wich. 2012. “Behavioral, Ecological, and Evolutionary Aspects of Meat-Eating by Sumatran
Orangutans (Pongo Abelii).” International Journal of Primatology 33 (2): 287-304. doi:10.1007/s10764-
011-9574-z.

Harrison, Mark E., and Andrew J. Marshall. 2011. “Strategies for the Use of Fallback Foods in Apes.”
International Journal of Primatology 32 (3): 531-65. d0i:10.1007/s10764-010-9487-2.

Hausfater, Glenn. 1976. “Predatory Behavior of Yellow Baboons.” Behaviour 56 (1/2): 44—68.

Hawes, J. E., & Peres, C. A. (2013). Ecological correlates of trophic status and frugivory in neotropical
primates. Oikos.

Heesen, Marlies, Sebastian Rogahn, Julia Ostner, and Oliver Schiilke. 2013. “Food Abundance
Affects Energy Intake and Reproduction in Frugivorous Female Assamese Macaques.” Behavioral Ecology
and Sociobiology 67 (7): 1053-66. doi:10.1007/s00265-013-1530-9.

Hill, R. (1970). The growth of our knowledge of photosynthesis. The Chemistry of Life: Eight Lectures on
the History of Biochemistry, 1-14.

Hill, R. A., and R. I. M. Dunbar. 2002. “Climatic Determinants of Diet and Foraging Behaviour in
Baboons.” Evolutionary Ecology 16 (6): 579-93. doi:10.1023/A:1021625003597.

Hinde, Katie, and Lauren A Milligan. 2011. “Primate Milk: Proximate Mechanisms and Ultimate
Perspectives.” Evolutionary Anthropology: Issues, News, and Reviews 20 (1): 9-23.
doi:10.1002/evan.20289.

Hladik, C. M., D. J. Chivers, and P. Pasquet. 1999. “On Diet and Gut Size in Non- human Primates
and Humans: Is There a Relationship to Brain Size?”” Current Anthropology 40 (5): 695-97.
doi:10.1086/ca.1999.40.issue-5.

Hohmann, G., & Robbins, M. M. (2006). Primate feeding ecology: an integrative approach. Feeding
ecology in apes and other primates, 1-13.

Hohmann, Gottfried, and Barbara Fruth. 2008. “New Records on Prey Capture and Meat Eating by
Bonobos at Lui Kotale, Salonga National Park, Democratic Republic of Congo.” Folia Primatologica 79
(2): 103-10. doi:10.1159/000110679.

Hohmann, Gottfried. 2009. “The Diets of Non-Human Primates: Frugivory, Food Processing, and
Food Sharing.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin and Michael P.
Richards, 1-14. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0 1.



http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0_1

99

Hofreiter, Michael, Eva Kreuz, Jonas Eriksson, Grit Schubert, and Gottfried Hohmann. 2010.
“Vertebrate DNA in Fecal Samples from Bonobos and Gorillas: Evidence for Meat Consumption or
Artefact?” PL0S ONE 5 (2): €9419. doi:10.1371/journal.pone.0009419.

Hohmann, Gottfried, Kevin Potts, Antoine N’Guessan, Andrew Fowler, Roger Mundry, Joerg U.
Ganzhorn, and Sylvia Ortmann. 2010. “Plant Foods Consumed by Pan: Exploring the Variation of
Nutritional Ecology across Africa.” American Journal of Physical Anthropology 141 (3): 476-85.
doi:10.1002/ajpa.21168.

Hunt, K. D., & McGrew, W. C. (2002). Chimpanzees in the dry habitats of Assirik, Senegal and Semliki
wildlife reserve, Uganda. Behavioural diversity in chimpanzees and bonobos, 35-51.

Irwin, M. T., Raharison, J. L., Raubenheimer, D., Chapman, C. A., & Rothman, J. M. (2014). Nutritional
correlates of the “lean season”: effects of seasonality and frugivory on the nutritional ecology of diademed
sifakas. American journal of physical anthropology, 153(1), 78-91.

Ivanov, D., Utescher, T., Mosbrugger, V., Syabryaj, S., Djordjevi¢-Milutinovi¢, D., & Molchanoff, S.
(2011). Miocene vegetation and climate dynamics in Eastern and Central Paratethys (Southeastern Europe).
Palaeogeography, Palaeoclimatology, Palaeoecology, 304(3), 262-275.

Izawa, Kosei. 1978. “Frog-Eating Behavior of Wild Black-Capped Capuchin (Cebus Apella).”
Primates 19 (4): 633—42. doi:10.1007/BF02373631.
Jablonski, N. G., & Crompton, R. H. (1994). Feeding behavior, mastication, and tooth wear in the western
tarsier (Tarsius bancanus). International Journal of Primatology, 15(1), 29-59.

Jablonski, N. G. (2003). The evolution of the tarsiid niche. Tarsiers: Past, present, and future, 35-49.

Johnson, S. E. (2007). Evolutionary divergence in the brown lemur species complex. In Lemurs (pp. 187-
210). Springer US.

Johnson, Caley A., Larissa Swedell, and Jessica M. Rothman. 2012. “Feeding Ecology of Olive
Baboons (Papio Anubis) in Kibale National Park, Uganda: Preliminary Results on Diet and Food
Selection.” African Journal of Ecology 50 (3): 367-70. doi:10.1111/j.1365-2028.2011.01316.x.

Jolly, A., Caless, S., Cavigelli, S., Gould, L., Pereira, M. E., Pitts, A., ... & Zafison, T. (2000). Infant
killing, wounding and predation in Eulemur and Lemur. International Journal of Primatology, 21(1), 21-
40.

Jordano, Pedro, Pierre-Michel Forget, Joanna E. Lambert, Katrin Béhning-Gaese, Anna Traveset, and S.
Joseph Wright. 2011. “Frugivores and Seed Dispersal: Mechanisms and Consequences for Biodiversity of a
Key Ecological Interaction.” Biology Letters 7 (3): 321-23. doi:10.1098/rsb1.2010.0986.

Kamilar, J. M., & Beaudrot, L. (2013). Understanding primate communities: Recent developments and
future directions. Evolutionary Anthropology: Issues, News, and Reviews, 22(4), 174-185.

Kanamori, Tomoko, Noko Kuze, Henry Bernard, Titol P. Malim, and Shiro Kohshima. 2010.
“Feeding Ecology of Bornean Orangutans (Pongo Pygmaeus Morio) in Danum Valley, Sabah, Malaysia: A
3-Year Record Including Two Mast Fruitings.” American Journal of Primatology 72 (9): 820—40.
doi:10.1002/ajp.20848.

Kappeler PM, Rasoloarison RM, Razafimanantsoa L, Walter L, Roos C. 2005. Morphology,
behaviour and molecular evolution of giant mouse lemurs (Mirza spp.) Gray, 1870, with description of a
new species. Primate Rep 71:3-26.

Kay RF. 1984. On the use of anatomical features to infer foraging behavior in extinct primates. In



100

Adaptations for Foraging in Nonhuman Primates. ed. PS Rodman, GH Cant, pp. 21-53. New York:
Columbia Univ. Press.

Kayode, I. B. (2012). Nutritional Composition of Plant Materials Consumed by Baboon (Papio Anubis) and
Tantalus Monkeys (Chlorocebus Tantalus) in Yankari Game Reserve, Nigeria. Journal of Primatology.

Kelley, Elizabeth A. 2013. “The Ranging Behavior of Lemur Catta in the Region of Cap Sainte-
Marie, Madagascar.” American Journal of Physical Anthropology 150 (1): 122-32.
doi:10.1002/ajpa.22184.

Kibaja, M. (2014). Diet of the Ashy Red Colobus (Piliocolobus tephrosceles) and Crop-Raiding in a Forest-
Farm Mosaic, Mbuzi, Rukwa Region, Tanzania. Primate Conservation, 28, 109-116.

King, Tony, H. L. Lucien Randrianarimanana, Laingoniaina H. F. Rakotonirina, T. Hasimija
Mihaminekena, Z. Anselmo Andrianandrasana, Maherisoa Ratolojanahary, Hery N. T. Randriahaingo, et al.
2013. “Large-Culmed Bamboos in Madagascar: Distribution and Field Identification of the Primary Food
Sources of the Critically Endangered Greater Bamboo Lemur Prolemur Simus.” Primate Conservation 27
(1): 33-53. doi:10.1896/052.027.0105.

Knorr, G., Butzin, M., Micheels, A., & Lohmann, G. (2011). A warm Miocene climate at low atmospheric
CO2 levels. Geophysical Research Letters, 38(20).

Knorr, G., & Lohmann, G. (2014). Climate warming during Antarctic ice sheet expansion at the Middle
Miocene transition. Nature Geoscience, 7(5), 376-381.

Kramer, K. L., & Ellison, P. T. (2010). Pooled energy budgets: Resituating human energy- allocation
trade- offs. Evolutionary Anthropology: Issues, News, and Reviews, 19(4), 136-147

Kunz, Britta K., and K. Eduard Linsenmair. 2007. “Changes in Baboon Feeding Behavior: Maturity-
Dependent Fruit and Seed Size Selection within a Food Plant Species.” International Journal of
Primatology 28 (4): 819-35. doi:10.1007/s10764-007-9160-6.

LaFleur, M., Sauther, M., Cuozzo, F., Yamashita, N., Youssouf, I. A. J., & Bender, R. (2014).
Cathemerality in wild ring-tailed lemurs (Lemur catta) in the spiny forest of Tsimanampetsotsa National
Park: camera trap data and preliminary behavioral observations. Primates, 55(2), 207-217.

Lambert, J. E., & Garber, P. A. (1998). Evolutionary and ecological implications of primate seed dispersal.
American Journal of Primatology, 45(1), 9-28.

Lambert, Joanna E. 2002. “Digestive Retention Times in Forest Guenons (Cercopithecus Spp.) with
Reference to Chimpanzees (Pan Troglodytes).” International Journal of Primatology 23 (6): 1169-85.
doi:10.1023/A:1021166502098.

Lambert, Joanna E. 2011. “Primate Seed Dispersers as Umbrella Species: A Case Study from Kibale
National Park, Uganda, with Implications for Afrotropical Forest Conservation.” American Journal of
Primatology 73 (1): 9—24. doi:10.1002/ajp.20879.

Leca, Jean-Baptiste, Noélle Gunst, Kunio Watanabe, and Michael A. Huffman. 2007. “A New Case of
Fish-Eating in Japanese Macaques: Implications for Social Constraints on the Diffusion of Feeding
Innovation.” American Journal of Primatology 69 (7): 821-28. doi:10.1002/ajp.20401.

Macho, Gabriele A. 2014. “Baboon Feeding Ecology Informs the Dietary Niche of Paranthropus Boisei.”
PL0oS ONE 9 (1): €84942. doi:10.1371/journal.pone.0084942.



101

Mannu, Massimo, and Eduardo B. Ottoni. 2009. “The Enhanced Tool-Kit of Two Groups of Wild
Bearded Capuchin Monkeys in the Caatinga: Tool Making, Associative Use, and Secondary Tools.”
American Journal of Primatology 71 (3): 242-51. doi:10.1002/ajp.20642.

Marshall, Andrew J., and Richard W. Wrangham. 2007. “Evolutionary Consequences of Fallback
Foods.” International Journal of Primatology 28 (6): 1219-35. d0i:10.1007/s10764-007-9218-5.

Masterson, T. J. (1997). Sexual dimorphism and interspecific cranial form in two capuchin species: Cebus
albifrons and C. apella. American journal of physical anthropology, 104(4), 487-511.

McGrew, William C. 2014. “The ‘other Faunivory’ Revisited: Insectivory in Human and Non-Human
Primates and the Evolution of Human Diet.” Journal of Human Evolution. Accessed April 14.
doi:10.1016/j.jhevol.2013.07.016.

McGraw, W. S., & Daegling, D. J. (2012). Primate feeding and foraging: integrating studies of behavior
and morphology. Annual Review of Anthropology, 41, 203-219.

Meijaard, E., Buchori, D., Hadiprakarsa, Y., Utami-Atmoko, S. S., Nurcahyo, A., Tjiu, A., ... & Mengersen,
K. (2011). Quantifying killing of orangutans and human-orangutan conflict in Kalimantan, Indonesia. PLoS
One, 6(11), e27491.

Meénard, N., Motsch, P., Delahaye, A., Saintvanne, A., Le Flohic, G., Dupé, S., ... & Pierre, J. S. (2014).
Effect of habitat quality on diet flexibility in Barbary macaques. American journal of primatology, 76(7),
679-693.

Merker, Stefan, and Indra Yustian. 2008. “Habitat Use Analysis of Dian’s Tarsier (Tarsius Dianae) in a
Mixed-Species Plantation in Sulawesi, Indonesia.” Primates 49 (2): 161-64. do0i:10.1007/s10329-007-
0072-z.

Milton, Katharine. 1999. “Nutritional Characteristics of Wild Primate Foods: Do the Diets of Our Closest
Living Relatives Have Lessons for Us?” Nutrition 15 (6): 488-98. doi:10.1016/S0899-9007(99)00078-7.

Milton, K., Giacalone, J., Wright, S. J., & Stockmayer, G. (2005). Do frugivore population fluctuations
reflect fruit production? Evidence from Panama. In Tropical Fruits and Frugivores (pp. 5-35). Springer
Netherlands.

Mitani, John C., and David P. Watts. 2001. “Why Do Chimpanzees Hunt and Share Meat?” Animal
Behaviour 61 (5): 915-24. doi:10.1006/anbe.2000.1681.

Murray, Carson M., Elizabeth V. Lonsdorf, Lynn E. Eberly, and Anne E. Pusey. 2009. “Reproductive
Energetics in Free-Living Female Chimpanzees (Pan Troglodytes Schweinfurthii).” Behavioral Ecology 20
(6): 1211-16. doi:10.1093/beheco/arp114.

Nadjafzadeh, M. N. and Heymann, E. W. (2008), Prey foraging of red titi monkeys, Callicebus cupreus, in
comparison to sympatric tamarins, Saguinus mystax and Saguinus fuscicollis. Am. J. Phys. Anthropol.,
135: 56-63. doi: 10.1002/ajpa.20704

Nakagawa, Naofumi. 2009. “Feeding Rate as Valuable Information in Primate Feeding Ecology.” Primates
50 (2): 131-41. doi:10.1007/s10329-009-0129-2.

Nekaris, K.a.i., and N.j. Stevens. 2007. “Not All Lorises Are Slow: Rapid Arboreal Locomotion in
Loris Tardigradus of Southwestern Sri Lanka.” American Journal of Primatology 69 (1): 113-21.
doi:10.1002/ajp.20331.



102

Oates, John F. 2013. “Primate Conservation: Unmet Challenges and the Role of the International
Primatological Society.” International Journal of Primatology 34 (2): 235-45. doi:10.1007/s10764-013-
9664-1.

Oelze, Vicky M., Benjamin T. Fuller, Michael P. Richards, et al.2011. Exploring the Contribution and
Significance of Animal Protein in the Diet of Bonobos by Stable Isotope Ratio Analysis of Hair.
Proceedings of the National Academy of Sciences 108(24): 9792-9797.

Parr, Nigel A., Amanda D. Melin, and Linda Marie Fedigan. 2011. “Figs Are More Than Fallback
Foods: The Relationship between Ficus and Cebus in a Tropical Dry Forest.” International Journal of
Zoology 2011 (October). doi:10.1155/2011/967274.

Palmeira, Francesca Belem Lopes, and Camila Camara Pianca. 2012. “Predation Attempt on a
Roadkilled Brown-Eared Woolly Opossum (Caluromys Lanatus) by a Black-Horned Capuchin (Sapajus
Nigritus).” Neotropical Primates 19 (1): 36-38. doi:10.1896/044.019.0107.

Palminteri, S., Powell, G. V., Asner, G. P., & Peres, C. A. (2012). LiDAR measurements of canopy
structure predict spatial distribution of a tropical mature forest primate. Remote Sensing of Environment,
127,98-105.

Pebsworth, P. A., & LaFleur, M. (2014). Advancing primate research and conservation through the use of
camera traps: introduction to the special issue. International Journal of Primatology, 35(5), 825-840.

Perez, S. 1., Tejedor, M. F., Novo, N. M., & Aristide, L. (2013). Divergence times and the evolutionary
radiation of New World monkeys (Platyrrhini, Primates): an analysis of fossil and molecular data.

Pruetz, J. D., and L. A. Isbell. 2000. “Correlations of Food Distribution and Patch Size with
Agonistic Interactions in Female Vervets (Chlorocebus Aethiops) and Patas Monkeys (Erythrocebus Patas)
Living in Simple Habitats.” Behavioral Ecology and Sociobiology 49 (1): 38—47.
doi:10.1007/5002650000272.

Raubenheimer, David, and Jessica M. Rothman. 2013. “Nutritional Ecology of Entomophagy in
Humans and Other Primates.” Annual Review of Entomology 58 (1): 141-60. doi:10.1146/annurev-ento-
120710-100713.

Riley, Erin P., Barbara Tolbert, and Wartika R. Farida. 2013. “Nutritional Content Explains the
Attractiveness of Cacao to Crop Raiding Tonkean Macaques.” Current Zoology 59 (2): 160-69.

Raichlen, David A., Adam D. Gordon, and Wes Sechrest. 2011. “Bioenergetic Constraints on
Primate Abundance.” International Journal of Primatology 32 (1): 118-33. doi:10.1007/s10764-010-9442-
2.

Razafindratsima, O. H., Jones, T. A., & Dunham, A. E. (2014). Patterns of movement and seed dispersal by
three lemur species. American journal of primatology, 76(1), 84-96.

Rode, K. D., Chapman, C. A., McDowell, L. R., & Stickler, C. (2006). Nutritional Correlates of Population
Density Across Habitats and Logging Intensities in Redtail Monkeys (Cercopithecus ascanius) 1.
Biotropica, 38(5), 625-634.

Rose, Lisa M. 1997. “Vertebrate Predation and Food-Sharing in Cebus and Pan.” International
Journal of Primatology 18 (5): 727-65. doi:10.1023/A:1026343812980.

Rosenberger, Alfred L., and Holger Preuschoft. 2012. “Evolutionary Morphology, Cranial
Biomechanics and the Origins of Tarsiers and Anthropoids.” Palaeobiodiversity and Palaeoenvironments
92 (4): 507-25. doi:10.1007/s12549-012-0098-0.

Sato, H. (2013). Habitat shifting by the common brown lemur (Eulemur fulvus fulvus): a response to food
scarcity. Primates, 54(3), 229-235.



103

Sayers, Ken. 2014. “High Altitude Primates, Extreme Primates, and Anthropological Primatology: Or,
There Is More to Human Evolution than Tool Use, Culture, or African Apes.” In High Altitude Primates,
edited by Nanda B. Grow, Sharon Gursky-Doyen, and Alicia Krzton, 325-50. Developments in
Primatology: Progress and Prospects 44. Springer New York.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4614-8175-1_17.

Sawada, Akiko, Ei Sakaguchi, and Goro Hanya. 2011. “Digesta Passage Time, Digestibility, and
Total Gut Fill in Captive Japanese Macaques (Macaca Fuscata): Effects Food Type and Food Intake
Level.” International Journal of Primatology 32 (2): 390-405. doi:10.1007/s10764-010-9476-5.

Schreier, B. M., Harcourt, A. H., Coppeto, S. A., & Somi, M. F. (2009). Interspecific competition and niche
separation in primates: a global analysis. Biotropica, 41(3), 283-291.

Schwitzer, C., Mittermeier, R. A., Rylands, A. B., Taylor, L. A., Chiozza, F., Williamson, E. A., ... &
Clark, F. E. Primates in Peril.

Singh, S. P., & Sharma, C. M. (2009). Tropical ecology: an overview. Tropical Ecology, 50(1), 7.

Snodgrass, J. Josh, William R. Leonard, and Marcia L. Robertson. 2009. “The Energetics of
Encephalization in Early Hominids.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin
and Michael P. Richards, 15-29. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0 2.

Stewart, Anne-Marie E., Chris H. Gordon, Serge A. Wich, Philippa Schroor, and Erik Meijaard.
2008. “Fishing in Macaca Fascicularis: A Rarely Observed Innovative Behavior.” International Journal of
Primatology 29 (2): 543—48. d0i:10.1007/s10764-007-9176-y.

Stevens, N. J., Seiffert, E. R., O’Connor, P. M., Roberts, E. M., Schmitz, M. D., Krause, C., ... & Temu, J.
(2013). Palaeontological evidence for an Oligocene divergence between Old World monkeys and apes.
Nature, 497(7451), 611-614.

Stevenson, P. R. (2000). Seed dispersal by woolly monkeys(Lagothrix lagothricha) at Tinigua National
Park, Colombia: Dispersal distance, germination rates, and dispersal quantity. American Journal of
Primatology, 50(4), 275-289.

Struhsaker TT. 1967. Social structure among vervet monkeys (Cercopithecus aethiops). Behaviour 29: 83-
121.

Sumarto, S., & Tallei, T. (2010). Forest stratification utilization by Sulawesi crested black macaques during
daily activities at Tangkoko-Batuangus Nature Reserve, North Sulawesi, Indonesia. In Proceedings of
International Conference on Environmental Research and Technology (ICERT 2010) (pp. 111-117).

Surbeck, Martin, Andrew Fowler, Caroline Deimel, and Gottfried Hohmann. 2009. “Evidence for the
Consumption of Arboreal, Diurnal Primates by Bonobos (Pan Paniscus).” American Journal of
Primatology 71 (2): 171-74. do0i:10.1002/ajp.20634.

Surbeck, Martin, and Gottfried Hohmann. 2008. “Primate Hunting by Bonobos at LuiKotale, Salonga
National Park.” Current Biology 18 (19): R906—7. doi:10.1016/j.cub.2008.08.040.

Sussman, Robert W., D. Tab Rasmussen, and Peter H. Raven (2013). “Rethinking Primate Origins Again.”
American Journal of Primatology 75 (2): 95-106. doi:10.1002/ajp.22096.

Strum, Shirley C. 2012. “Darwin’s Monkey: Why Baboons Can’t Become Human.” American
Journal of Physical Anthropology 149 (S55): 3-23. do0i:10.1002/ajpa.22158.


http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4614-8175-1_17

104

Swedell, L., Hailemeskel, G., & Schreier, A. (2008). Composition and seasonality of diet in wild
hamadryas baboons: preliminary findings from Filoha. Folia Primatologica, 79(6), 476-490.

Tan, C. L., Yang, Y., & Niu, K. (2013). Into the night: camera traps reveal nocturnal activity in a
presumptive diurnal primate, Rhinopithecus brelichi. Primates, 54(1), 1-6.

Thompson, C. L., Robl, N. J., de Oliveira Melo, L. C., Valenca-Montenegro, M. M., Valle, Y. B. M., de
Oliveira, M. A. B., & Vinyard, C. J. (2013). Spatial distribution and exploitation of trees gouged by
common marmosets (Callithrix jacchus). International Journal of Primatology, 34(1), 65-85.

Tsuji, Yamato, Kaede Sato, and Yoshikazu Sato. 2011. “The Role of Japanese Macaques (Macaca
Fuscata) as Endozoochorous Seed Dispersers on Kinkazan Island, Northern Japan.” Mammalian Biology -
Zeitschrift Fiir Sdugetierkunde 76 (5): 525-33. doi:10.1016/j.mambio.2011.01.001.

Tweheyo, M., & Lye, K. A. (2003). Phenology of figs in Budongo Forest Uganda and its importance for
the chimpanzee diet. African Journal of Ecology, 41(4), 306-316.

Uehara, Shigeo. 1997. “Predation on Mammals by the Chimpanzee (Pan Troglodytes).” Primates 38 (2):
193-214. doi:10.1007/BF023820009.

van Doorn, A.c., M.j. O’Riain, and L. Swedell. 2010. “The Effects of Extreme Seasonality of Climate
and Day Length on the Activity Budget and Diet of Semi-Commensal Chacma Baboons (Papio Ursinus) in
the Cape Peninsula of South Africa.” American Journal of Primatology 72 (2): 104—12.
doi:10.1002/ajp.20759.

Vasey, Natalie. 2005. “Activity Budgets and Activity Rhythms in Red Ruffed Lemurs (Varecia
Rubra) on the Masoala Peninsula, Madagascar: Seasonality and Reproductive Energetics.” American
Journal of Primatology 66 (1): 23—44. doi:10.1002/ajp.20126.

Vasudev, Divya, and Robert J. Fletcher Jr. 2015. “Incorporating Movement Behavior into
Conservation Prioritization in Fragmented Landscapes: An Example of Western Hoolock Gibbons in Garo
Hills, India.” Biological Conservation 181 (January): 124-32. doi:10.1016/j.biocon.2014.11.021.

Young, Christopher, Andrew Oliver Schiilke, Julia Ostner, and Bonaventura Majolo. 2012.
“Consumption of Unusual Prey Items in the Barbary Macaque (Macaca Sylvanus).” African Primates 7 (2):
Pp. 224-29.

Wallace, R. B. (2005). Seasonal variations in diet and foraging behavior of Ateles chamek in a southern
Amazonian tropical forest. International Journal of Primatology, 26(5), 1053-1075.

Ward, C. V. (2015). Postcranial and Locomotor Adaptations of Hominoids. Handbook of
Paleoanthropology, 1363-1386.

Wasserman, Michael D., and Colin A. Chapman. 2003. “Determinants of Colobine Monkey
Abundance: The Importance of Food Energy, Protein and Fibre Content.” Journal of Animal Ecology 72
(4): 650-59. doi:10.1046/j.1365-2656.2003.00736.x.

Wasserman, M. D. (2011). Feeding on Phytoestrogens: Implications of Estrogenic Plants for Primate
Ecology.

Watts, D. P. (2012). Long-term research on chimpanzee behavioral ecology in Kibale National Park,
Uganda. In Long-term field studies of primates (pp. 313-338). Springer Berlin Heidelberg.



105

Wright, P. C. (1999). Lemur traits and Madagascar ecology: coping with an island environment. American
Jjournal of physical anthropology, 110(s 29), 31-72.

Wright, Barth W., Kristin A. Wright, Janine Chalk, Michele P. Verderane, Dorothy Fragaszy, Elisabetta
Visalberghi, Patricia Izar, Eduardo B. Ottoni, Paul Constantino, and Christopher Vinyard. 2009. “Fallback
Foraging as a Way of Life: Using Dietary Toughness to Compare the Fallback Signal among Capuchins
and Implications for Interpreting Morphological Variation.” American Journal of Physical Anthropology
140 (4): 687-99. doi:10.1002/ajpa.21116.

Zarate, D. A, Andresen, E., Estrada, A., & Serio- silva, J. C. (2014). Black howler monkey (Alouatta
pigra) activity, foraging and seed dispersal patterns in shaded cocoa plantations versus rainforest in
southern Mexico. American journal of primatology.

Zhao, Haitao, Xiaowei Wang, Brigitte Kreigenhofer, Xiaoguang Qi, Songtao Guo, Chengliang Wang, Jian
Zhang, Jiangiang Zhao, and Baoguo Li. 2013. “Study on the Nutritional Ecology of Wild Primates.” Acta
Ecologica Sinica 33 (4): 185-91. doi:10.1016/j.chnaes.2013.05.004.

Zhou, Q., Wei, H., Tang, H., Huang, Z., Krzton, A., & Huang, C. (2014). Niche separation of sympatric
macaques, Macaca assamensis and M. mulatta, in limestone habitats of Nonggang, China. Primates, 55(1),
125-137.

References Chapter 2

Benchimol, M., & Peres, C. A. 2013. Anthropogenic modulators of species—area relationships in
Neotropical primates: a continental scale analysis of fragmented forest landscapes. Diversity and
distributions, 19(11), 1339-1352.

Boesch, C., & Boesch, H. (1989). Hunting behavior of wild chimpanzees in the Tai National Park.
American journal of physical anthropology, 78(4), 547-573.

Boesch, C. (1994). Cooperative hunting in wild chimpanzees. Animal Behaviour, 48(3), 653-667.

Boesch, C., Boesch, H., & Vigilant, L. (2006). Cooperative hunting in chimpanzees: kinship or mutualism?.
In Cooperation in primates and humans (pp. 139-150). Springer Berlin Heidelberg.

Chapman, C. A., Bonnell, T. R., Gogarten, J. F., Lambert, J. E., Omeja, P. A., Twinomugisha, D. Rothman,
J.M. (2013). Are Primates Ecosystem Engineers? International Journal of Primatology, 34(1), 1-14.
http://doi.org/10.1007/s10764-012-9645-9

de Oliveira, S. G., Lynch Alfaro, J. W., & Veiga, L. M. (2014). Activity budget, diet, and habitat use in the
critically endangered Ka'apor capuchin monkey (Cebus kaapori) in Para State, Brazil: A preliminary
comparison to other capuchin monkeys. American journal of primatology, 76(10), 919-931.

Gilby, I. C. (2006). Meat sharing among the Gombe chimpanzees: harassment and reciprocal exchange.
Animal Behaviour, 71(4), 953-963. http://doi.org/10.1016/j.anbehav.2005.09.009

Hamilton, W.D. (1964) The genetic evolution of social behaviour. Journal of Theoretical Biology, 7 (1),
52.

Hawes, J. E., & Peres, C. A. (2013). Ecological correlates of trophic status and frugivory in neotropical
primates. Oikos, no—no. http://doi.org/10.1111/j.1600-0706.2013.00745 .x

Hohmann, G., Potts, K., N’Guessan, A., Fowler, A., Mundry, R., Ganzhorn, J. U., & Ortmann, S. (2010).
Plant foods consumed by Pan: Exploring the variation of nutritional ecology across Africa. American


http://doi.org/10.1007/s10764-012-9645-9
http://doi.org/10.1111/j.1600-0706.2013.00745.x

106

Journal of Physical Anthropology, 141(3), 476—485. http://doi.org/10.1002/ajpa.21168

Hohmann, Gottfried. (2009). “The Diets of Non-Human Primates: Frugivory, Food Processing, and Food
Sharing.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin and Michael P. Richards, 1—
14. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0 1.

Madrigal, L. (2012). Statistics for anthropology. Cambridge University Press.

Mitani, J. C., & Watts, D. P. (2001). Why do chimpanzees hunt and share meat? Animal Behaviour, 61(5),
915- 924. http://doi.org/10.1006/anbe.2000.1681

Raboy, Becky E., and James M. Dietz. (2004). “Diet, Foraging, and Use of Space in Wild Golden-Headed
Lion Tamarins.” American Journal of Primatology 63 (1): 1-15. doi:10.1002/ajp.20032.

Stanford, C. B. (1996). The hunting ecology of wild chimpanzees: implications for the evolutionary
ecology of Pliocene hominids. American Anthropologist, 98(1), 96-113.

Sussman, R. W., & Garber, P. A. (2004). Rethinking sociality: Cooperation and aggression among
primates. Origins and Nature of Sociality, 161-190.

Vasey, N. (2005). Activity budgets and activity rhythms in red ruffed lemurs (Varecia rubra) on the
Masoala Peninsula, Madagascar: seasonality and reproductive energetics. American Journal of
Primatology, 66(1), 23-44.

Zhou, Q., Wei, H., Huang, Z., Krzton, A., & Huang, C. (2014). Ranging behavior and habitat use of the
Assamese macaque (Macaca assamensis) in limestone habitats of Nonggang, China. Mammalia, 78(2),
171-176.

References Chapter 4.
Abraham, C. (2014). Spare Africa the ravages of its native oil palm. New Scientist, 221(2952), 24-25.

Alberts, Susan C., et al. (2005) "Seasonality and long-term change in a savanna environment." Cambridge
Studies In Biological and Evolutionary Anthropology 44, 157.

Altmann, J. E. A. N. N. E. (2005). Seasonality and long-term change in a savanna environment. Cambridge
Studies In Biological and Evolutionary Anthropology, 44, 157.

Amsler, S. J., & Watts, D. P. (2013). Chimpanzee- red colobus encounter rates show a red colobus
population decline associated with predation by chimpanzees at Ngogo. American journal of primatology,
75(9), 927-937.

Asquith, Pamela J. (1989). “Provisioning and the Study of Free-Ranging Primates: History, Effects, and
Prospects.” American Journal of Physical Anthropology 32 (S10): 129-58. doi:10.1002/ajpa.1330320507.

Beaune, D., Bretagnolle, F., Bollache, L., Hohmann, G., Surbeck, M., Bourson, C., & Fruth, B. (2013). The
Bonobo-Dialium positive interactions: seed dispersal mutualism. American journal of primatology, 75(4),
394-403.

Beisiegel, B. M., & Mantovani, W. (2006). Habitat use, home range and foraging preferences of the coati
Nasua nasua in a pluvial tropical Atlantic forest area. Journal of Zoology, 269(1), 77-87.

Boesch, C., & Boesch, H. (1989). Hunting behavior of wild chimpanzees in the Tai National Park.
American journal of physical anthropology, 78(4), 547-573.

Boesch, C. (1994). Cooperative hunting in wild chimpanzees. Animal Behaviour, 48(3), 653-667.


http://doi.org/10.1002/ajpa.21168
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0_1

107

Boesch, C., & Boesch-Achermann, H. (2000). The chimpanzees of the Tai forest: behavioural ecology and
evolution. Oxford University Press.

Boesch, Christophe. 2002. “Cooperative Hunting Roles among Tai Chimpanzees.” Human Nature 13 (1):
27-46. doi:10.1007/s12110-002-1013-6.

Boesch, C., Bole, C., Eckhardt, N., & Boesch, H. (2010). Altruism in forest chimpanzees: the case of
adoption. PLoS One, 5(1), e8901.

Bogart, S. L., & Pruetz, J. D. (2011). Insectivory of savanna chimpanzees (Pan troglodytes verus) at
Fongoli, Senegal. American journal of physical anthropology, 145(1), 11-20.

Brady, C. J. (1987). Fruit ripening. Annual review of plant physiology, 38(1), 155-178.

Bro-Jgrgensen, Jakob. 2013. “Evolution of Sprint Speed in African Savannah Herbivores in Relation to
Predation.” Evolution 67 (11): 3371-76. doi:10.1111/ev0.12233.

Broadbent, E. N., Asner, G. P., Keller, M., Knapp, D. E., Oliveira, P. J., & Silva, J. N. (2008). Forest
fragmentation and edge effects from deforestation and selective logging in the Brazilian Amazon.
Biological conservation, 141(7), 1745-1757.

Brockman, Diane K., and Carel P. van Schaik. 2005. Seasonality in Primates: Studies of Living and
Extinct Human and Non-Human Primates. Cambridge University Press.

Buckley, B. J., Dench, R. J., Morrogh-Bernard, H. C., Bustani, U., & Chivers, D. J. (2015). Meat-eating by
a wild Bornean orang-utan (Pongo pygmaeus). Primates, 56(4), 293-299.

Carretero-Pinzon, X., Defler, T. R., & Ferrari, S. F. (2008). Observation of black-capped capuchins (Cebus
apella) feeding on an owl monkey (Aotus brumbacki) in the Colombian Ilanos. Neotropical Primates,
15(2), 62-63.

Ceballos-Mago, N., & Chivers, D. J. (2010). Local knowledge and perceptions of pet primates and wild
Margarita capuchins on Isla de Margarita and Isla de Coche in Venezuela. Endangered Species Research,
13(1), 63-72.

Chapman, C. A., & Fedigan, L. M. (1990). Dietary differences between neighboring Cebus capucinus
groups: local traditions, food availability or responses to food profitability?. Folia Primatologica, 54(3-4),
177-186.

Chapman, C. A., & Worman, C. O. D., & (2006). Densities of two frugivorous primates with respect to
forest and fragment tree species composition and fruit availability. International Journal of Primatology,
27(1), 203-225.

Chapman, C. A., Lawes, M. J., & Eeley, H. A. (2006). What hope for African primate diversity?. African
Journal of Ecology, 44(2), 116-133.

Clymer, G. A. (2006). Foraging responses to nutritional pressures in two species of cercopithecines:
Macaca mulatta and Papio ursinus.

Croes, B. M., Laurance, W. F., Lahm, S. A., Tchignoumba, L., Alonso, A., Lee, M. E., ... & Buij, R.
(2007). The influence of hunting on antipredator behavior in Central African monkeys and duikers.
Biotropica, 39(2), 257-263.

Curtis, Deborah J. 2004. “Diet and Nutrition in Wild Mongoose Lemurs (Eulemur Mongoz) and Their
Implications for the Evolution of Female Dominance and Small Group Size in Lemurs.” American Journal
of Physical Anthropology 124 (3): 234-47. doi:10.1002/ajpa.10268.



108

Daly, D. C., & Mitchell, J. D. (2000). Lowland vegetation of tropical South America. Imperfect balance:
landscape transformations in the precolumbian Americas (ed. Lentz D.), 391-454.

Del Conde, Ana. 2015. “Illegal Logging and Its Dynamics of Violence Within the P*urhépecha Plateau.”
Landscapes of Violence 3 (1). doi:10.7275/R5VD6WCD.

Dew, J. Lawrence. 2005. “Foraging, Food Choice, and Food Processing by Sympatric Ripe-Fruit
Specialists: Lagothrix Lagotricha Poeppigii and Ateles Belzebuth Belzebuth.” International Journal of
Primatology 26 (5): 1107-35. doi:10.1007/s10764-005-6461-5.

Eckardt, Winnie, and Klaus Zuberbuhler. 2004. “Cooperation and Competition in Two Forest Monkeys.”
Behavioral Ecology 15 (3): 400-411. doi:10.1093/beheco/arh032.

Emery Thompson, Melissa. 2013. “Comparative Reproductive Energetics of Human and Nonhuman
Primates.” Annual Review of Anthropology 42 (1): 287-304. doi:10.1146/annurev-anthro-092412-155530.

Estrada, A. (2009). Primate Conservation in South America: The~ Human and Ecological Dimensions of
the Problem. In South American Primates (pp. 463-505). Springer New York.

Estrada, A., Raboy, B. E., & Oliveira, L. C. (2012). Agroecosystems and primate conservation in the
tropics: a review. American Journal of Primatology, 74(8), 696-711.

Estrada-Medina, Louis S. Santiago. 2013. “Source Water, Phenology and Growth of Two Tropical Dry
Forest Tree Species Growing on Shallow Karst Soils.” Trees 27 (5). doi:10.1007/s00468-013-0878-9.

Famiani, F., Proietti, P., Palliotti, A., Ferranti, F., & Antognozzi, E. (2000). Effects of leaf to fruit ratios on
fruit growth in chestnut. Scientia horticulturae, 85(1), 145-152.

Fan, Peng-fei, and Xue-long Jiang. 2009. “Predation on Giant Flying Squirrels (Petaurista Philippensis) by
Black Crested Gibbons (Nomascus Concolor Jingdongensis) at Mt. Wuliang, Yunnan, China.” Primates 50
(1): 45-49. doi:10.1007/s10329-008-0110-5.

Fedigan, Linda Marie. 1990. “Vertebrate Predation in &It;i&gt;Cebus Capucinus&lt;/i&gt;: Meat Eating in
a Neotropical Monkey.” Folia Primatologica 54 (3-4): 196-205. doi:10.1159/000156444.

Feeroz, M. M. (2011). Resource Partitioning among the Sympatric Primate Species of West Bhanugach
Forest Reserve of Bangladesh. Biodiversity—Present State, Problems and Prospects of its Conservation, 33.

Feistner, A. T. C. & McGrew, W. C.1989. Food-sharing in primates: a critical review. In: Perspectives in
Primate Biology (Ed. by P. K. Seth& S. Seth), pp. 21-36. New Delhi: Today & Tomorrow

Felton, Annika M., Adam Felton, David B. Lindenmayer, and William J. Foley. 2009. “Nutritional Goals
of Wild Primates.” Functional Ecology 23 (1): 70-78. d0i:10.1111/j.1365-2435.2008.01526.x.

Felton, Annika M., Adam Felton, David Raubenheimer, Stephen J. Simpson, William J. Foley, Jeff T.
Wood, lan R. Wallis, and David B. Lindenmayer. 2009. “Protein Content of Diets Dictates the Daily
Energy Intake of a Free-Ranging Primate.” Behavioral Ecology 20 (4): 685-90.
doi:10.1093/beheco/arp021.

Fitzgerald, K. H. (2015). The silent killer: habitat loss and the role of african protected areas to conserve
biodiversity. In Protecting the Wild (pp. 170-188). Island Press/Center for Resource Economics.

Freitas, C. H. D., Setz, E. Z., Araujo, A. R., & Gobbi, N. (2008). Agricultural crops in the diet of bearded
capuchin monkeys, Cebus libidinosus Spix (Primates: Cebidae), in forest fragments in southeast Brazil.
Revista Brasileira de Zoologia, 25(1), 32-39.



109

Florchinger, M., Braun, J., Bohning-Gaese, K., & Schaefer, H. M. (2010). Fruit size, crop mass, and plant
height explain differential fruit choice of primates and birds. Oecologia, 164(1), 151-161.

Furuichi, Takeshi. 2006. “Red-Tailed Monkeys (Cercopithecus Ascanius) Hunt Green Pigeons (Treron
Calva) in the Kalinzu Forest in Uganda.” Primates 47 (2): 174-76. doi:10.1007/s10329-005-0168-2.

Ganzhorn, Jorg U. 1992. “Leaf Chemistry and the Biomass of Folivorous Primates in Tropical Forests.”
Oecologia 91 (4): 540-47. doi:10.1007/BF00650329.

Ganzhorn, Jérg U., Summer Arrigo-Nelson, Sue Boinski, An Bollen, Valentina Carrai, Abigail Derby,
Giuseppe Donati, et al. 2009. “Possible Fruit Protein Effects on Primate Communities in Madagascar and
the Neotropics.” PL0S ONE 4 (12): e8253. doi:10.1371/journal.pone.0008253.

Gibbs, H. K., Ruesch, A. S., Achard, F., Clayton, M. K., Holmgren, P., Ramankutty, N., & Foley, J. A.
(2010). Tropical forests were the primary sources of new agricultural land in the 1980s and 1990s.
Proceedings of the National Academy of Sciences, 107(38), 16732-16737.

Gibson, K.R., 1986. Cognition, brain size and the extraction of embedded food resources. In: Lee, E. (Ed.),
Primate Ontogeny, Cognition and Social Behaviour. Cambridge University Press, Cambridge, pp. 93-103.

Gilby, lan C., Lynn E. Eberly, Lilian Pintea, and Anne E. Pusey. 2006. “Ecological and Social Influences
on the Hunting Behaviour of Wild Chimpanzees, Pan Troglodytes Schweinfurthii.” Animal Behaviour 72
(1): 169-80. doi:10.1016/j.anbehav.2006.01.013.

Gilby, lan C. 2006. “Meat Sharing among the Gombe Chimpanzees: Harassment and Reciprocal
Exchange.” Animal Behaviour 71 (4): 953-63. doi:10.1016/j.anbehav.2005.09.009.

Gilby, lan C., and Richard W. Wrangham. 2007. “Risk-Prone Hunting by Chimpanzees (Pan Troglodytes
Schweinfurthii) Increases during Periods of High Diet Quality.” Behavioral Ecology and Sociobiology 61
(11): 1771-79. doi:10.1007/s00265-007-0410-6.

Gilby, lan C., Michael L. Wilson, and Anne E. Pusey. 2013. “Ecology rather than Psychology Explains Co-
Occurrence of Predation and Border Patrols in Male Chimpanzees.” Animal Behaviour 86 (1): 61-74.
doi:10.1016/j.anbehav.2013.04.012.

Goodall, J. (1986). The chimpanzees of Gombe: Patterns of behavior. Belknap Press of Harvard University
Press.

Gomes, Cristina M., and Christophe Boesch. 2009. “Wild Chimpanzees Exchange Meat for Sex on a Long-
Term Basis.” PLoS ONE 4 (4): e5116. doi:10.1371/journal.pone.0005116.

Gumert, M. D., & Malaivijitnond, S. (2012). Marine prey processed with stone tools by burmese long-
tailed macaques (Macaca fascicularis aurea) in intertidal habitats. American Journal of Physical
Anthropology, 149(3), 447-457.

Gunst, N., Boinski, S., & Fragaszy, D. M. (2008). Acquisition of foraging competence in wild brown
capuchins (Cebus apella), with special reference to conspecifics' foraging artefacts as an indirect social
influence. Behaviour, 145(2), 195-229.

Hansen, M. C., Stehman, S. V., Potapov, P. V., Loveland, T. R., Townshend, J. R., DeFries,R. S., ... &
DiMiceli, C. (2008). Humid tropical forest clearing from 2000 to 2005 quantified by using multitemporal
and multiresolution remotely sensed data. Proceedings of the National Academy of Sciences, 105(27),
9439-9444.



110

Hanya, G. (2009). Effects of food type and number of feeding sites in a tree on aggression during feeding
in wild Macaca fuscata. International journal of primatology, 30(4), 569-581. Hanya, Goro, Nelly Ménard,

Hanya, Goro, Nelly Ménard, Mohamed Qarro, Mohamed Ibn Tattou, Mieko Fuse, Dominique Vallet, Aya
Yamada, et al. 2011. “Dietary Adaptations of Temperate Primates: Comparisons of Japanese and Barbary
Macaques.” Primates 52 (2): 187-98. doi:10.1007/s10329-011-0239-5.

Hanya, Goro, and Colin A. Chapman. 2013. “Linking Feeding Ecology and Population Abundance: A
Review of Food Resource Limitation on Primates.” Ecological Research 28 (2): 183-90.
d0i:10.1007/s11284-012-1012-y.

Haeuber, Richard. 1993. “Development and Deforestation: Indian Forestry in Perspective.” The Journal of
Developing Areas 27 (4): 485-514.

Hardus, Madeleine E., Adriano R. Lameira, Astri Zulfa, S. Suci Utami Atmoko, Han de Vries, and Serge A.
Wich. 2012. “Behavioral, Ecological, and Evolutionary Aspects of Meat-Eating by Sumatran Orangutans
(Pongo Abelii).” International Journal of Primatology 33 (2): 287—-304. d0i:10.1007/s10764-011-9574-z.

Hare, B., & Kwetuenda, S. (2010). Bonobos voluntarily share their own food with others. Current Biology,
20(5), R230-R231.

Hausfater, Glenn. 1976. “Predatory Behavior of Yellow Baboons.” Behaviour 56 (1/2): 44-68.

Hemingway, C. A., & Bynum, N. (2005). The influence of seasonally on primate diet and ranging.
Seasonality in primates: Studies of living and extinct human and non-human primates, 44, 57.

Hladik, C. M., D. J. Chivers, and P. Pasquet. 1999. “On Diet and Gut Size in Non- human Primates and
Humans: Is There a Relationship to Brain Size?” Current Anthropology 40 (5): 695-97.
doi:10.1086/ca.1999.40.issue-5.

Hockings, K. J., & McLennan, M. R. (2012). From forest to farm: systematic review of cultivar feeding by
chimpanzees—management implications for wildlife in anthropogenic landscapes. PLoS One, 7(4),
e33391.

Hohmann, Gottfried, and Barbara Fruth. 2008. “New Records on Prey Capture and Meat Eating by
Bonobos at Lui Kotale, Salonga National Park, Democratic Republic of Congo.” Folia Primatologica 79
(2): 103-10. d0i:10.1159/000110679.

Hohmann, Gottfried. 2009. “The Diets of Non-Human Primates: Frugivory, Food Processing, and Food
Sharing.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin and Michael P. Richards, 1-
14. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0 1.

Houle, A., Conklin- Brittain, N. L., & Wrangham, R. W. (2014). Vertical stratification of the nutritional
value of fruit: Macronutrients and condensed tannins. American journal of primatology, 76(12), 1207-1232.

Hunt, K. D., & McGrew, W. C. (2002). Chimpanzees in the dry habitats of Assirik, Senegal and Semliki
wildlife reserve, Uganda. Behavioural diversity in chimpanzees and bonobos, 35-51.

Ichino, Shinichiro, and Hajarimanitra Rambeloarivony. 2011. “New Cases of Vertebrate Predation by the
Ring-Tailed Lemur (Lemur Catta), with Reference to Differences from Eulemur Species and Other
Primates.” African Study Monographs 32 (2): 69-80.

Iwrin, M et al., “Nutritional Correlates of the ‘lean Season’: Effects of Seasonality and Frugivory on the
Nutritional Ecology of Diademed Sifakas - Irwin (2014) American Journal of Physical Anthropology -



111

Wiley Online Library.” 2015. Accessed July 10.
http://onlinelibrary.wiley.com.ezproxy.library.uvic.ca/doi/10.1002/ajpa.22412/pdf.

Jaeggi, A. V., & Van Schaik, C. P. (2011). The evolution of food sharing in primates. Behavioral Ecology
and Sociobiology, 65(11), 2125-2140.

Johnson, C. A., Raubenheimer, D., Rothman, J. M., Clarke, D., & Swedell, L. (30). Days in the life: daily
nutrient balancing in a wild chacma baboon. PloS one, 8(7), e70383.

Jones, N. B. (1984). A selfish origin for human food sharing: tolerated theft. Ethology and sociobiology,
5(1), 1-3.

Kanamori, Tomoko, Noko Kuze, Henry Bernard, Titol P. Malim, and Shiro Kohshima. 2010. “Feeding
Ecology of Bornean Orangutans (Pongo Pygmaeus Morio) in Danum Valley, Sabah, Malaysia: A 3-Year
Record Including Two Mast Fruitings.” American Journal of Primatology 72 (9): 820-40.
doi:10.1002/ajp.20848.

Kaplin, B. A. (2001). Ranging behaviour of two species of guenons (Cercopithecus Ihoesti and C. mitis
doggetti) in the Nyungwe Forest Reserve, Rwanda. International Journal of Primatology, 22(4), 521-548.

Koops, K., Schéning, C., Isaji, M., & Hashimoto, C. (2015). Cultural differences in ant-dipping tool length
between neighbouring chimpanzee communities at Kalinzu, Uganda. Scientific reports, 5.

Kurup, G. U., & Kumar, A. (1993). Time budget and activity patterns of the lion-tailed macaque (Macaca
silenus). International Journal of Primatology, 14(1).

Kupsch, Denis, Matthias Waltert, and Eckhard W. Heymann. 2014. “Forest Type Affects Prey Foraging of
Saddleback Tamarins, Saguinus Nigrifrons.” Primates 55 (3): 403-13. doi:10.1007/s10329-014-0416-4.
Laporte, Nadine T., Jared A. Stabach, Robert Grosch, Tiffany S. Lin, and Scott J. Goetz. 2007. “Expansion
of Industrial Logging in Central Africa.” Science 316 (5830): 1451-1451. doi:10.1126/science.1141057.

Lee, Janice Ser Huay, Sinan Abood, Jaboury Ghazoul, Baba Barus, Krystof Obidzinski, and Lian Pin Koh.
2014. “Environmental Impacts of Large-Scale Oil Palm Enterprises Exceed that of Smallholdings in
Indonesia.” Conservation Letters 7 (1): 25-33. doi:10.1111/conl.12039.

Lenz, Bryan B., Katharine M. Jack, and Wilson R. Spironello. 2014. “Edge Effects in the Primate
Community of the Biological Dynamics of Forest Fragments Project, Amazonas, Brazil.” American
Journal of Physical Anthropology 155 (3): 436—46. doi:10.1002/ajpa.22590.

Lieberman, Daniel E., and Dennis M. Bramble. 2012. “The Evolution of Marathon Running.” Sports
Medicine 37 (4-5): 288-90. doi:10.2165/00007256-200737040-00004.

Linder, J. M. (2013). African primate diversity threatened by “new wave” of industrial oil palm expansion.
African Primates, 8, 25-38.

MacKinnon, K. C. (2006). Food choice by juvenile capuchin monkeys (Cebus capucinus) in a tropical dry
forest. In New Perspectives in the Study of Mesoamerican Primates (pp. 349-365). Springer US.

Macho, Gabriele A. 2014. “Baboon Feeding Ecology Informs the Dietary Niche of Paranthropus Boisei.”
PLoS ONE 9 (1): e84942. doi:10.1371/journal.pone.0084942.

May, S. Randolph. 2014. “The Coevolution of Tyrannosaurus & Its Prey: Could Tyrannosaurus Chase
Down & Kill a Triceratops for Lunch?” The American Biology Teacher 76 (2): 118-23.
doi:10.1525/abt.2014.76.2.8.

Marsh, L. K. (2003). The nature of fragmentation. In Primates in fragments (pp. 1-10). Springer US.



112

Marsh, L. K., Chapman, C. A., Arroyo-Rodriguez, V., Cobden, A. K., Dunn, J. C., Gabriel, D., ... &
Wasserman, M. D. (2013). Primates in fragments 10 years later: once and future goals. In Primates in
Fragments (pp. 503-523). Springer New York.

McGraw, W. Scott, and David J. Daegling. 2012. “Primate Feeding and Foraging: Integrating Studies of
Behavior and Morphology.” Annual Review of Anthropology 41 (1): 203-19. doi:10.1146/annurev-anthro-
092611-145801.

McGrew, W. C. (1996). Dominance status, food sharing, and reproductive success in chimpanzees. Food
and the Status Quest: An Interdisciplinary Perspective, 1, 39.

McGrew, W. C., Pruetz, J. D., & Fulton, S. J. (2005). Chimpanzees use tools to harvest social insects at
Fongoli, Senegal. Folia Primatologica, 76(4), 222-226.

Melin, A. D., Young, H. C., Mosdossy, K. N., & Fedigan, L. M. (2014). Seasonality, extractive foraging
and the evolution of primate sensorimotor intelligence. Journal of human evolution, 71, 77-86.

Milano, M. Z., & Monteiro-Filho, E. L. A. (2009). Predation on small mammals by capuchin monkeys,
Cebus cay. Neotropical Primates, 16(2), 78-80.

Milton, K. (2003). Micronutrient intakes of wild primates: are humans different?. (2003). Comparative
Biochemistry and Physiology Part A: Molecular & Integrative Physiology, 136(1), 47-59.

Mosandl, R., Ginter, S., Stimm, B., & Weber, M. (2008). Ecuador suffers the highest deforestation rate in
South America. In Gradients in a tropical mountain ecosystem of Ecuador (pp. 37-40). Springer Berlin
Heidelberg.

Mosdossy, Krisztina N., Amanda D. Melin, and Linda M. Fedigan. 2015. “Quantifying Seasonal Fallback
on Invertebrates, Pith, and Bromeliad Leaves by White-Faced Capuchin Monkeys (Cebus Capucinus) in a
Tropical Dry Forest.” American Journal of Physical Anthropology 158 (1): 67—77. doi:10.1002/ajpa.22767.

Murali, K. S., Bhat, D. M., & Ravindranath, N. H. (2005). Biomass estimation equations for tropical
deciduous and evergreen forests. International journal of agricultural resources, governance and ecology,
4(1), 81-92.

Murray, Carson M., Elizabeth V. Lonsdorf, Lynn E. Eberly, and Anne E. Pusey. 2009. “Reproductive
Energetics in Free-Living Female Chimpanzees (Pan Troglodytes Schweinfurthii).” Behavioral Ecology 20
(6): 1211-16. doi:10.1093/beheco/arpl114.

Mwavu, E. N., & Witkowski, E. T. (2009). Population structure and regeneration of multiple-use tree
species in a semi-deciduous African tropical rainforest: implications for primate conservation. Forest
Ecology and Management, 258(5), 840-849.

Nadkarni, N. M., & Longino, J. T. (1990). Invertebrates in canopy and ground organic matter in a
neotropical montane forest, Costa Rica. Biotropica, 286-289.

Nadjafzadeh, M. N., & Heymann, E. W. (2008). Prey foraging of red titi monkeys, Callicebus cupreus, in
comparison to sympatric tamarins, Saguinus mystax and Saguinus fuscicollis. American journal of physical
anthropology, 135(1), 56-63.

Oliveira, L. C., Hankerson, S. J., Dietz, J. M., & Raboy, B. E. (2010). Key tree species for the golden-
headed lion tamarin and implications for shade- cocoa management in southern Bahia, Brazil. Animal
Conservation, 13(1), 60-70.

Iwrin, M et al., “Nutritional Correlates of the ‘lean Season’: Effects of Seasonality and Frugivory on the
Nutritional Ecology of Diademed Sifakas - Irwin (2014) American Journal of Physical Anthropology -



113

Wiley Online Library.” 2015. Accessed July 10.
http://onlinelibrary.wiley.com.ezproxy.library.uvic.ca/doi/10.1002/ajpa.22412/pdf.

Panger, M. A, Perry, S., Rose, L., Gros- Louis, J., Vogel, E., Mackinnon, K. C., & Baker, M. (2002).
Cross- site differences in foraging behavior of white- faced capuchins (Cebus capucinus). American
Journal of Physical Anthropology, 119(1), 52-66.

Pozo-Montuy, G., Serio-Silva, J. C., & Bonilla-Sanchez, Y. M. (2011). Influence of the landscape matrix
on the abundance of arboreal primates in fragmented landscapes. Primates, 52(2), 139-147.

Proietti, P., Palliotti, A., Famiani, F., Antognozzi, E., Ferranti, F., Andreutti, R., & Frenguelli, G. (2000).
Influence of leaf position, fruit and light availability on photosynthesis of two chestnut genotypes. Scientia
Horticulturae, 85(1), 63-73.

Pruetz, J. D., and L. A. Isbell. 2000. “Correlations of Food Distribution and Patch Size with Agonistic
Interactions in Female Vervets (Chlorocebus Aethiops) and Patas Monkeys (Erythrocebus Patas) Living in
Simple Habitats.” Behavioral Ecology and Sociobiology 49 (1): 38—-47. doi:10.1007/s002650000272.

Pruetz, J. D., & Bertolani, P. (2007). Savanna chimpanzees, Pan troglodytes verus, hunt with tools. Current
Biology, 17(5), 412-417.

Raichlen, David A., Adam D. Gordon, and Wes Sechrest. 2011. “Bioenergetic Constraints on Primate
Abundance.” International Journal of Primatology 32 (1): 118-33. d0i:10.1007/s10764-010-9442-2.

Raubenheimer, David, and Jessica M. Rothman. 2013. “Nutritional Ecology of Entomophagy in Humans
and Other Primates.” Annual Review of Entomology 58 (1): 141-60. doi:10.1146/annurev-ento-120710-
100713.

Richardson, B. (1999). The bromeliad microcosm and the assessment of faunal diversity in a neotropical
forest. Biotropica 31, 321-336.

Richardson, B. A., Richardson, M. J., & SOTO- ADAMES, F. N. (2005). Separating the effects of forest
type and elevation on the diversity of litter invertebrate communities in a humid tropical forest in Puerto
Rico. Journal of Animal Ecology, 74(5), 926-936.

Riginos, Corinna, and James B. Grace. 2008. “Savanna Tree Density, Herbivores, and the Herbaceous
Community: Bottom-up vs. Top-down Effects.” Ecology 89 (8): 2228-38.

Riley, Erin P., Barbara Tolbert, and Wartika R. Farida. 2013. “Nutritional Content Explains the
Attractiveness of Cacao to Crop Raiding Tonkean Macaques.” Current Zoology 59 (2): 160-69.

Rode, K. D., Chapman, C. A., McDowell, L. R., & Stickler, C. (2006). Nutritional Correlates of Population
Density Across Habitats and Logging Intensities in Redtail Monkeys (Cercopithecus ascanius) 1.
Biotropica, 38(5), 625-634.

Rose, Lisa M. 1997. “Vertebrate Predation and Food-Sharing in Cebus and Pan.” International Journal of
Primatology 18 (5): 727-65. doi:10.1023/A:1026343812980.

Rose, L. M. (2001). Meat and the early human diet: Insights from Neotropical primate studies. Meat-eating
and human evolution, 141-159.

Rose, Lisa M., Susan Perry, Melissa A. Panger, Katharine Jack, Joseph H. Manson, Julie Gros-Louis,
Katherine C. Mackinnon, and Erin Vogel. 2003. “Interspecific Interactions Between Cebus Capucinus and
Other Species: Data from Three Costa Rican Sites.” International Journal of Primatology 24 (4): 759-96.
doi:10.1023/A:1024624721363.



114

Rothman, Jessica M., Colin A. Chapman, and Peter J. Van Soest. 2012. “Methods in Primate Nutritional
Ecology: A User’s Guide.” International Journal of Primatology 33 (3): 542—-66. d0i:10.1007/s10764-011-
9568-x.

Rudel, Tom, and Jill Roper. 1996. “Regional Patterns and Historical Trends in Tropical Deforestation,
1976-1990: A Qualitative Comparative Analysis.” Ambio 25 (3): 160-66.

Rudel, Thomas K. 2002. “Paths of Destruction and Regeneration: Globalization and Forests in the
Tropics*.” Rural Sociology 67 (4): 622—36. doi:10.1111/j.1549-0831.2002.tb00122.x.

Rudel, T. K., Defries, R., Asner, G. P., & Laurance, W. F. (2009). Changing drivers of deforestation and
new opportunities for conservation. Conservation Biology, 23(6), 1396-1405.

Russon, Anne E., Alain Compost, Purwo Kuncoro, and Agnes Ferisa. 2014. “Orangutan Fish Eating,
Primate Aquatic Fauna Eating, and Their Implications for the Origins of Ancestral Hominin Fish Eating.”
Journal of Human Evolution. Accessed October 6. doi:10.1016/j.jhevol.2014.06.007.

Sato, Hiroki, Shinichiro Ichino, and Goro Hanya. 2014. “Dietary Modification by Common Brown Lemurs
(Eulemur Fulvus) during Seasonal Drought Conditions in Western Madagascar.” Primates 55 (2): 219-30.
d0i:10.1007/s10329-013-0392-0.

Saito C (1996) Dominance and feeding success in female Japanese macaques,Macaca fusca: effects of food
patch size and inter-patch distance. Anim Behav 51:967-980

Schilke, O., Pesek, D., Whitman, B. J., & Ostner, J. (2011). Ecology of Assamese macaques (Macaca
assamensis) at Phu Khieo Wildlife Sanctuary, Thailand. J Wildl Thailand, 18, 1-15.

Serio-Silva, J. C., Olguin, E. J., Garcia-Feria, L., Tapia-Fierro, K., & Chapman, C. A. (2015). Cascading
impacts of anthropogenically driven habitat loss: deforestation, flooding, and possible lead poisoning in
howler monkeys (Alouatta pigra). Primates, 56(1), 29-35.

Sharma, N., M. D. Madhusudan. 2011. “Trends in Extinction and Persistence of Diurnal Primates in the
Fragmented Lowland Rainforests of Upper Brahmaputra Valley, Northeastern India.” Oryx 46 (2): 308-11.
d0i:10.1017/S0030605311001402.

Sharma N. (2014). Local and Landscape Correlates of Primate Distribution and Persistence in the Remnant
Lowland Rainforests of the Upper Brahmaputra Valley, Northeastern India Conservation Biology.

Silk, J. B., Brosnan, S. F., Henrich, J., Lambeth, S. P., & Shapiro, S. (2013). Chimpanzees share food for
many reasons: the role of kinship, reciprocity, social bonds and harassment on food transfers. Animal
behaviour, 85(5), 941-947.

Simmen, Bruno, Annette Hladik, and Pierrette Ramasiarisoa. 2003. “Food Intake and Dietary Overlap in
Native Lemur Catta and Propithecus Verreauxi and Introduced Eulemur Fulvus at Berenty, Southern
Madagascar.” International Journal of Primatology 24 (5): 949-68. doi:10.1023/A:1026366309980.

Pozo-Montuy, G., Serio-Silva, J. C., & Bonilla-Sanchez, Y. M. (2011). Influence of the landscape matrix
on the abundance of arboreal primates in fragmented landscapes. Primates, 52(2), 139-147.

Singh, S.P and C.M Sharma. 2009. “Tropical Ecology: An Overview.” Tropical Ecology 50 (1): 7-21.
Singh, Mewa, Kuladeep Roy, and Mridula Singh. 2011. “Resource Partitioning in Sympatric Langurs and
Macaques in Tropical Rainforests of the Central Western Ghats, South India.” American Journal of
Primatology 73 (4): 335-46. doi:10.1002/ajp.20900.



115

Skole, D. L., Chomentowski, W. H., Salas, W. A., & Nobre, A. D. (1994). Physical and human dimensions
of deforestation in Amazonia. BioScience, 314-322.

Snodgrass, J. Josh, William R. Leonard, and Marcia L. Robertson. 2009. “The Energetics of
Encephalization in Early Hominids.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin
and Michael P. Richards, 15-29. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxye.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0_2.

Southgate, D, & Robert Wasserstrom. 2009. “Oil Development, Deforestation, and Indigenous Populations
in the Ecuadorian Amazon.” In Meeting of the Latin American Study Association.

Stanford, C. B., Wallis, J., Mpongo, E., & Goodall, J. (1994). Hunting decisions in wild chimpanzees.
Behaviour, 131(1), 1-18.
Stanford, C. B. (1995). Chimpanzee hunting behavior and human evolution. American Scientist, 256-261.

Stanford, C. B. (1996). The hunting ecology of wild chimpanzees: implications for the evolutionary
ecology of Pliocene hominids. American Anthropologist, 98(1), 96-113.

Stevens, J. R., & Gilby, 1. C. (2004). A conceptual framework for nonkin food sharing: timing and currency
of benefits. Animal Behaviour, 67(4), 603-614.

Stevens, J. R. (2004). The selfish nature of generosity: harassment and food sharing in primates.
Proceedings of the Royal Society of London B: Biological Sciences, 271(1538), 451-456.

Stevenson, P. R. (2001). The relationship between fruit production and primate abundance in Neotropical
communities. Biological Journal of the Linnean Society, 72(1), 161-178.

Stewart, Anne-Marie E., Chris H. Gordon, Serge A. Wich, Philippa Schroor, and Erik Meijaard. 2008.
“Fishing in Macaca Fascicularis: A Rarely Observed Innovative Behavior.” International Journal of
Primatology 29 (2): 543-48. doi:10.1007/s10764-007-9176.

Stickler, C. M. (2004). The effects of logging on primate-habitat interactions: a case study of redtail
monkeys (Cercopithecus ascanius) in Kibale National Park, Uganda (Doctoral dissertation, University of
Florida).

Strum, S. C. 1975. “Primate Predation: Interim Report on the Development of a Tradition in a Troop of
Olive Baboons.” Science 187 (4178): 755-57.

Strum, Shirley C. 2013. “Darwin’s Monkey: Why Baboons Can’t Become Human.” American Journal of
Physical Anthropology 149 (S55): 3-23. d0i:10.1002/ajpa.22158.

Tashiro, Yasuko. 2006. “Frequent Insectivory by Two Guenons (Cercopithecus Lhoesti and Cercopithecus
Muitis) in the Kalinzu Forest, Uganda.” Primates 47 (2): 170-73. doi:10.1007/s10329-005-0160.

Tennie, Claudio, lan C. Gilby, and Roger Mundry. 2009. “The Meat-Scrap Hypothesis: Small Quantities of
Meat May Promote Cooperative Hunting in Wild Chimpanzees (Pan Troglodytes).” Behavioral Ecology
and Sociobiology 63 (3): 421-31. doi:10.1007/s00265-008-0676-3.

Tennie, C., O'Malley, R. C., & Gilby, I. C. (2014). Why do chimpanzees hunt? Considering the benefits
and costs of acquiring and consuming vertebrate versus invertebrate prey. Journal of human evolution, 71,
38-45.

Valenzuela, D. & Macdonald, D.W. (2002). Home-range useby white-nosed coatis (
Nasua narica): limited water and atest of resource dispersion hypothesis.J. Zool. (Lond.)25, 247-256

Valenta, K., & Melin, A. D. (2012). Protein limitation explains variation in primate colour vision
phenotypes: a unified model for the evolution of primate trichromatic vision. INTECH Open Access


http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0_2

116

Publisher.

Vasey, Natalie. 2004. “Circadian Rhythms in Diet and Habitat Use in Red Ruffed Lemurs (Varecia Rubra)
and White-Fronted Brown Lemurs (Eulemur Fulvus Albifrons).” American Journal of Physical
Anthropology 124 (4): 353-63. doi:10.1002/ajpa.10357.

Verderane, M., lzar, P., Visalberghi, E., & Fragaszy, D. M. (2013). Socioecology of wild bearded capuchin
monkeys (Sapajus libidinosus): an analysis of social relationships among female primates that use tools in
feeding. Behaviour, 150, 659-689.

Vogel, E. R. (2005). Rank differences in energy intake rates in white-faced capuchin monkeys, Cebus
capucinus: the effects of contest competition. Behavioral ecology and sociobiology, 58(4), 333-344.

Uehara, Shigeo. 1997. “Predation on Mammals by the Chimpanzee (Pan Troglodytes).” Primates 38 (2):
193-214. doi:10.1007/BF02382009.

Wasserman, Michael D., and Colin A. Chapman. 2003. “Determinants of Colobine Monkey Abundance:
The Importance of Food Energy, Protein and Fibre Content.” Journal of Animal Ecology 72 (4): 650-59.
doi:10.1046/j.1365-2656.2003.00736.x.

Watts, David P., and John C. Mitani. 2002. “Hunting Behavior of Chimpanzees at Ngogo, Kibale National
Park, Uganda.” International Journal of Primatology 23 (1): 1-28. doi:10.1023/A:1013270606320.

Wich, S. A., Garcia-Ulloa, J., Kiihl, H. S., Humle, T., Lee, J. S., & Koh, L. P. (2014). Will oil palm’s
homecoming spell doom for Africa’s great apes?. Current Biology, 24(14), 1659-1663.

Xiang, Zuofu, Wenbin Liang, Shuaiguo Nie, and Ming Li. 2013. “A Short Note on Extractive Foraging
Behavior in Gray Snub-Nosed Monkeys.” Integrative Zoology 8 (4): 389-94. doi:10.1111/1749-
4877.12036.

Yamagiwa, Juichi. 2008. “History and Present Scope of Field Studies on Macaca Fuscata Yakui at
Yakushima Island, Japan.” International Journal of Primatology 29 (1): 49-64. doi:10.1007/s10764-008-
9235-z.

Young, Christopher, Andrew Oliver Schulke, Julia Ostner, and Bonaventura Majolo. 2012. “Consumption
of Unusual Prey Items in the Barbary Macaque (Macaca Sylvanus).” African Primates 7 (2): Pp. 224-29.

References Chapter 5

Amsler, S. J., & Watts, D. P. (2013). Chimpanzee- red colobus encounter rates show a red colobus
population decline associated with predation by chimpanzees at Ngogo. American journal of primatology,
75(9), 927-937.

Arroyo-Rodriguez, Victor, Eddaly Cuesta-del Moral, Salvador Mandujano, Colin A. Chapman, Rafael
Reyna-Hurtado, and Lenore Fahrig. 2013. “Assessing Habitat Fragmentation Effects on Primates: The
Importance of Evaluating Questions at the Correct Scale.” In Primates in Fragments, edited by Laura K.
Marsh and Colin A. Chapman, 13-28. Developments in Primatology: Progress and Prospects. Springer
New York. http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4614-8839-2 2.

Balestri, M., Barresi, M., Campera, M., Serra, V., Ramanamanjato, J. B., Heistermann, M., & Donati, G.
(2014). Habitat degradation and seasonality affect physiological stress levels of Eulemur collaris in littoral
forest fragments. PloS one, 9(9), e107698.

Behie, A. M., & Pavelka, M. S. (2013). Interacting roles of diet, cortisol levels, and parasites in
determining population density of Belizean howler monkeys in a hurricane damaged forest fragment. In



117

Primates in Fragments (pp. 447-456). Springer New York.

Blake, John G., Jaime Guerra, Diego Mosquera, Rene Torres, Bette A. Loiselle, and David Romo. "Use of
mineral licks by white-bellied spider monkeys (Ateles belzebuth) and red howler monkeys (Alouatta
seniculus) in eastern Ecuador." International Journal of Primatology 31, no. 3 (2010): 471-483.

Blanco, V., & Waltert, M. (2013). Does the tropical agricultural matrix bear potential for primate
conservation? A baseline study from Western Uganda. Journal for Nature Conservation, 21(6), 383-393.

Chapman, C. A., Gillespie, T. R., & Goldberg, T. L. (2005). Primates and the Ecology of their Infectious
Diseases: How will Anthropogenic Change Affect Host- Parasite Interactions?. Evolutionary
Anthropology: Issues, News, and Reviews, 14(4), 134-144.

Chapman, C. A., & Gogarten, J. F. (2012). Primate conservation: is the cup half empty or half full. Nature
Education Knowledge, 4(2), 7.

Chapman, C. A., Ghai, R., Jacob, A., Koojo, S. M., Reyna-Hurtado, R., Rothman, J. M., ... & Goldberg, T.
L. (2013). Going, going, gone: a 15-year history of the decline of primates in forest fragments near Kibale
National Park, Uganda. In Primates in fragments (pp. 89-100). Springer New York.

Estrada, A., Raboy, B. E., & Oliveira, L. C. (2012). Agroecosystems and primate conservation in the
tropics: a review. American Journal of Primatology, 74(8), 696-711.

Fedigan, Linda Marie. 1990. “Vertebrate Predation in Cebus Capucinus Meat Eating in a Neotropical
Monkey.” Folia Primatologica 54 (3-4): 196-205. doi:10.1159/000156444.

Formenty, Pierre, Christophe Boesch, Monique Wyers, Claudia Steiner, Franca Donati, Frédéric Dind,
Francine Walker, and Bernard Le Guenno. 1999. “Ebola Virus Outbreak among Wild Chimpanzees Living
in a Rain Forest of Cote d’Ivoire.” Journal of Infectious Diseases 179 (Supplement 1): S120-26.
doi:10.1086/514296.

Fuentes, Agustin. 2012. “Ethnoprimatology and the Anthropology of the Human-Primate Interface.” Annual
Review of Anthropology 41 (1): 101-17. doi:10.1146/annurev-anthro-092611-145808.

Goldberg, T. L., Gillespie, T. R., Rwego, 1. B., Estoff, E. L., & Chapman, C. A. (2008). Forest
fragmentation as cause of bacterial transmission among nonhuman primates, humans, and livestock,
Uganda. Forest.

Gould, L., & Andrianomena, P. (2015). Ring-Tailed Lemurs (Lemur catta), Forest Fragments, and
Community-Level Conservation in South-Central Madagascar. Primate Conservation, (29), 67-73.

Gould, L., & Gabriel, D. N. (2015). Wet and dry season diets of the Endangered Lemur catta (ring- tailed
lemur) in two mountainous rocky outcrop forest fragments in south- central Madagascar. African Journal
of Ecology, 53(3), 320-330.

Hockings, K. J., Humle, T., Carvalho, S., & Matsuzawa, T. (2012). Chimpanzee interactions with
nonhuman species in an anthropogenic habitat. Behaviour, 149(3-4), 299-324.

Hoffman, T. S., & O'RIAIN, M. J. (2012). Troop Size and Human- Modified Habitat Affect the Ranging
Patterns of a Chacma Baboon Population in the Cape Peninsula, South Africa. American journal of
primatology, 74(9), 853-863.

Hohmann, Gottfried. 2009. “The Diets of Non-Human Primates: Frugivory, Food Processing, and Food
Sharing.” In The Evolution of Hominin Diets, edited by Jean-Jacques Hublin and Michael P. Richards, 1—-
14. Vertebrate Paleobiology and Paleoanthropology. Springer Netherlands.
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/978-1-4020-9699-0 1.



118

LaFleur, Marni, Michelle Sauther, Frank Cuozzo, Nayuta Yamashita, Ibrahim Antho Jacky Youssouf, and
Richard Bender. "Cathemerality in wild ring-tailed lemurs (Lemur catta) in the spiny forest of
Tsimanampetsotsa National Park: camera trap data and preliminary behavioral observations." Primates 55,
no. 2 (2014): 207-217.

Leca, Jean-Baptiste, Noé€lle Gunst, Kunio Watanabe, and Michael A. Huffman. 2007. “A New Case of
Fish-Eating in Japanese Macaques: Implications for Social Constraints on the Diffusion of Feeding
Innovation.” American Journal of Primatology 69 (7): 821-28. doi:10.1002/ajp.20401.

Marsh, L. K. (2013). Because conservation counts: Primates and fragmentation. In Primates in Fragments
(pp- 3-11). Springer New York.

Marsh, L. K., Chapman, C. A., Arroyo-Rodriguez, V., Cobden, A. K., Dunn, J. C., Gabriel, D., ... &
Wasserman, M. D. (2013). Primates in fragments 10 years later: once and future goals. In Primates in
Fragments (pp. 505-525). Springer New York.

Mugume, S., Chapman, C. A., Isabirye-Basuta, G., & Otali, E. (2015). Can we rely on forest reserves for
primate conservation?. African Journal of Ecology, 53(4), 465-472.

Newton-Fisher, N. E. (2015). The hunting behavior and carnivory of wild chimpanzees. In Handbook of
paleoanthropology (pp. 1661-1691). Springer Berlin Heidelberg.

Ragir, Sonia, Martin Rosenberg, and Philip Tierno. 2000. “Gut Morphology and the Avoidance of Carrion
among Chimpanzees, Baboons, and Early Hominids.” Journal of Anthropological Research 56 (4): 477—
512.

Russon, Anne E., and Janette Wallis. 2014. Primate Tourism. Cambridge University Press.

Salmona, J., Rasolondraibe, E., Jan, F., Besolo, A., Rakotoarisoa, H., Meyler, S. V., ... & Chikhi, L. (2014).
Conservation status and abundance of the crowned sifaka (Propithecus coronatus). Primate Conservation,
(28), 73-83.

Shanee, N., Conservation, N. P., & Stretford, M. (2012). Trends in local wildlife hunting, trade and control
in the Tropical Andes Biodiversity Hotspot, northeastern Peru. Endangered Species Research, 19, 177-186.

Stewart, Anne-Marie E., Chris H. Gordon, Serge A. Wich, Philippa Schroor, and Erik Meijaard. 2008.
“Fishing in Macaca Fascicularis: A Rarely Observed Innovative Behavior.” International Journal of
Primatology 29 (2): 543—48. d0i:10.1007/s10764-007-9176-y.

Tashiro, Yasuko. 2006. “Frequent Insectivory by Two Guenons (Cercopithecus Lhoesti and Cercopithecus
Mitis) in the Kalinzu Forest, Uganda.” Primates 47 (2): 170-73. doi:10.1007/s10329-005-0160-x.’
Tesfaye, D., Fashing, P. J., Bekele, A., Mekonnen, A., & Atickem, A. (2013). Ecological flexibility in
Boutourlini’s blue monkeys (Cercopithecus mitis boutourlinii) in Jibat Forest, Ethiopia: a comparison of
habitat use, ranging behavior, and diet in intact and fragmented forest. International Journal of
Primatology, 34(3), 615-640.

Wasserman, Michael D., and Colin A. Chapman. 2003. “Determinants of Colobine Monkey Abundance:
The Importance of Food Energy, Protein and Fibre Content.” Journal of Animal Ecology 72 (4): 650-59.
doi:10.1046/j.1365-2656.2003.00736.x.

Wich, S. A., Gaveau, D., Abram, N., Ancrenaz, M., Baccini, A., Brend, S., ... & Goossens, B. (2012).
Understanding the impacts of land-use policies on a threatened species: is there a future for the Bornean
orang-utan?. PLoS One, 7(11), e49142.



119

Wilson, H. B., Meijaard, E., Venter, O., Ancrenaz, M., & Possingham, H. P. (2014). Conservation
strategies for orangutans: reintroduction versus habitat preservation and the benefits of sustainably logged
forest. PloS one, 9(7), €102174.

References for Appendix 1 and 2

Adeola, A. J., Apapa, A. N., Adeyemo, A. L., Alaye, S. A., & Ogunjobi, J. A. (2014). Seasonal variation in
plants consumption pattern by foraging Olive Baboons (Papio anubis. Lesson, 1827) inside Kainji Lake
National Park. Journal of Applied Sciences and Environmental Management, 18(3), 481-484.

Alami, A., Van Lavieren, E., Rachida, A., & Chait, A. (2012). Differences in Activity Budgets and Diet
Between Semiprovisioned and Wild- Feeding Groups of the Endangered Barbary Macaque (Macaca

sylvanus) in the Central High Atlas Mountains, Morocco. American journal of primatology, 74(3), 210-
216.

Alami, A. E., & Chait, A. (2012). Seasonal variation in activity budget and diet of the endangered barbary
macaque (macaca sylvanus) in the tourist valley of ouzoud, central high atlas, morocco. Mammalia, 76(3),
245-250. doi:10.1515/mammalia-2011-0054

Albert, Aurélie, Marie-Claude Huynen, Tommaso Savini, and Alain Hambuckers. 2013. “Influence of Food
Resources on the Ranging Pattern of Northern Pig-Tailed Macaques (Macaca Leonina).” International
Journal of Primatology 34 (4): 696—713. doi:10.1007/s10764-013-9690-z.

Alberts, S. C., Altmann, J., and Wilson, M. L. 1996, Mate guarding constrains foragingactivity of male
baboons. Animal Behaviour51:1269-1277.

Aruhashl,T., 1980. Feeding behavior and diet of the Japanese monkey (MacacaThscatayakui) on
Yakushima Island, Japan. Primates, 21 : 141-160

Astaras, C., & Waltert, M. (2010). What does seed handling by the drill tell us about the ecological services
of terrestrial cercopithecines in African forests?. Animal Conservation, 13(6), 568-578.

Badrian, N., Badrian, A., & Susman, R. L. (1981). Preliminary observations on the feeding behavior ofPan
paniscus in the Lomako forest of central Zaire. Primates, 22(2), 173-181.

Barton, R. A. (1990). Foraging strategies, diet and competition in olive baboons (Doctoral dissertation,
University of St Andrews).

Barrett, A. S. (2005). Foraging Ecology of the Vervet Monkey (Chlorocebus aethiops) in Mixed Lowveld
Bushveld and Sour Lowveld Bushveld of the Blydeberg Conservancy, Northern Province, South Africa
(Doctoral dissertation, University of Liverpool).

Beaune, D., Bretagnolle, F., Bollache, L., Bourson, C., Hohmann, G., & Fruth, B. (2013). Ecological
services performed by the bonobo (Pan paniscus): seed dispersal effectiveness in tropical forest. Journal of
Tropical Ecology, 29(05), 367-380.

Bektic, L. (2009). Habitat preference and foraging behaviour in adult red-tailed monkeys (Cercopithecus
ascanius).

Berenstain, L. (1986). Responses of long-tailed macaques to drought and fire in eastern Borneo: A
preliminary report. Biotropica, 257-262.

Bergmiiller R. 1998. Nahrungsdkologie der rauchgrauen mangabe (Cercocebus torquatus atys): Ein
schliissel zur sozialen organization? Thesis, University of Erlangen-Nirnberg. 94p. cited IN McGraw WS,
Zuberbiihler K, Noé R. 2007. The monkeys of the Ta+ Forest: an African primate community.



120

Cambridge(UK):Cambridge U Pr.

Bermejo, M., Illera, G., & Pi, J. S. (1995). Animals and mushrooms consumed by bonobos (Pan paniscus):
new records from Lilungu (Ikela), Zaire. International journal of primatology, 16(1), 879-898.

Boinski, S. (1988). Sex differences in the foraging behavior of squirrel monkeys in a seasonal habitat.
Behavioral Ecology and Sociobiology, 23(3), 177-186.

Bogart, S. L. (2009). Behavioral ecology of savanna chimpanzees (Pan troglodytes verus) with respect to
insectivory at Fongoli, Senegal.

Bryer, M. A., Chapman, C. A., & Rothman, J. M. (2013). Diet and polyspecific associations affect spatial
patterns among redtail monkeys (Cercopithecus ascanius). Behaviour, 150, 277-293.

Butynski, T. M. (1990). Comparative ecology of blue monkeys (Cercopithecus mitis) in high-and low-
density subpopulations. Ecological Monographs, 1-26.

Buzzard, P. J. (2006). Ecological partitioning of Cercopithecus campbelli, C. petaurista, and C. diana in the
Tai Forest. International journal of primatology, 27(2), 529-558.

Cant, J. G. H. (1990). Feeding ecology of spider monkeys (Ateles geoffroyi) at Tikal, Guatemala. Human
Evolution, 5(3), 269-281.

Chapman, C. A., & Fedigan, L. M. (1990). Dietary differences between neighboring Cebus capucinus
groups: local traditions, food availability or responses to food profitability?. Folia Primatologica, 54(3-4),
177-186.

Chapman, C. (1988). Patterns of foraging and range use by three species of neotropical primates. Primates,
29(2), 177-194.

Cheyne, S. M. (2010). Behavioural ecology of gibbons (Hylobates albibarbis) in a degraded peat-swamp forest.
In Indonesian primates (pp. 121-156). Springer New York.

Chicago

Codron, D., Lee- Thorp, J. A., Sponheimer, M., de Ruiter, D., & Codron, J. (2006). Inter- and intrahabitat
dietary variability of chacma baboons (Papio ursinus) in South African savannas based on fecal 513C,

815N, and% N. American Journal of Physical Anthropology, 129(2), 204-214.

Colquhoun, I. C. (1993). The socioecology of Eulemur macaco: a preliminary report. In Lemur social
systems and their ecological basis (pp. 11-23). Springer US.

Conklin-Brittain, N. L., Knott, C. D., & Wrangham, R. W. (2001). The feeding ecology of apes. The apes.
Challenges for the 21st century, 167-174.

Cords, M. (1986). Interspecific and intraspecific variation in diet of two forest guenons, Cercopithecus
ascanius and C. mitis. The Journal of Animal Ecology, 811-827.

Cunha, André A., Marcus V. Vieira, and Carlos E. V. Grelle. 2006. “Preliminary Observations on Habitat,
Support Use and Diet in Two Non-Native Primates in an Urban Atlantic Forest Fragment: The Capuchin
Monkey (Cebus Sp.) and the Common Marmoset (Callithrix Jacchus) in the Tijuca Forest, Rio de Janeiro.”
Urban Ecosystems 9 (4): 351-59. doi:10.1007/s11252-006-0005-4.

Curtin, S. H. (2002). Diet of the Roloway Monkey, Cercopithecus diana roloway, in Bia National Park,
Ghana. In The Guenons: Diversity and Adaptation in African Monkeys (pp. 351-371). Springer US.



121

de Castro, C. S. S., & Aratjo, A. (2006). Diet and feeding behavior of marmoset, Callithrix jacchus.
Revista Brasileira de Ecologia, 7, 14-1.

da Fonseca, G. A. B., & Lacher Jr, T. E. (1984). Exudate-feeding byCallithrix jacchus penicillata in
semideciduous woodland (Cerradio) in Central Brazil. Primates, 25(4), 441-449.

Di Fiore, A. (2004). Diet and feeding ecology of woolly monkeys in a western Amazonian rain forest.
International Journal of Primatology, 25(4), 767-801.

Digby, L. J.,, Ferrari, S. F., & Saltzman, W. (2006). The role of competition in cooperatively breeding
species. Primates in perspective. Oxford University Press, New York, 85-106.

Dileep, K., & Jose, B. (2013). FOOD PREFERENCE AND FEEDING HABIT OF BONNET MACAQUE
(MACACA RADIATA).

Donati, G., Bollen, A., Borgognini-Tarli, S. M., & Ganzhorn, J. U. (2007). Feeding over the 24-h cycle:
dietary flexibility of cathemeral collared lemurs (Eulemur collaris). Behavioral Ecology and Sociobiology,
61(8), 1237-1251.

Donati, G., Kesch, K., Ndremifidy, K., Schmidt, S. L., Ramanamanjato, J. B., Borgognini-Tarli, S. M., &
Ganzhorn, J. U. (2011). Better few than hungry: Flexible feeding ecology of collared lemurs Eulemur
collaris in littoral forest fragments. PloS one, 6(5), e19807.

Dutton, C. J., Junge, R. E., & Louis, E. E. (2008). Biomedical evaluation of free-ranging red ruffed lemurs
(Varecia rubra) within the Masoala National Park, Madagascar. Journal of Zoo and Wildlife medicine,
39(1), 76-85.

Eckardt, W., & Zuberbiihler, K. (2004). Cooperation and competition in two forest monkeys. Behavioral
Ecology, 15(3), 400-411.

Elder, A. A. (2009). Hylobatid diets revisited: The importance of body mass, fruit availability, and
interspecific competition. In The Gibbons (pp. 133-159). Springer

Erinjery, J. J., Kavana, T. S., & Singh, M. (2014). Food resources, distribution and seasonal variations in
ranging in lion-tailed macaques, Macaca silenus in the Western Ghats, India. Primates, 1-10.

Fan, P.-f., Fei, H.-l. and Ma, C.-y. (2012), Behavioral Responses of Cao Vit Gibbon (Nomascus Nasutus) to
Variations in Food Abundance and Temperature in Bangliang, Jingxi, China. Am. J. Primatol., 74: 632—
641. doi: 10.1002/ajp.22016

Fan, P. F., Fei, H. L., Scott, M. B., Zhang, W., & Ma, C. Y. (2011). Habitat and food choice of the critically
endangered cao vit gibbon (< i> Nomascus nasutus</i>) in China: Implications for conservation. Biological
Conservation, 144(9), 2247-2254.

Fan, P., Ni, Q., Sun, G., Huang, B., & Jiang, X. (2009). Gibbons under seasonal stress: the diet of the black
crested gibbon (Nomascus concolor) on Mt. Wuliang, Central Yunnan, China. Primates, 50(1), 37-44.

Fan, P. F., & Jiang, X. L. (2010). Altitudinal ranging of black-crested gibbons at Mt. Wuliang, Yunnan:
effects of food distribution, temperature and human disturbance. Folia Primatologica, 81(1), 1-9.

Fan, P. F., Ai, H. S., Fei, H. L., Zhang, D., & Yuan, S. D. (2013). Seasonal variation of diet and time
budget of Eastern hoolock gibbons (Hoolock leuconedys) living in a northern montane forest. Primates,
54(2), 137-146.

Fahy, Geraldine E., Michael Richards, Julia Riedel, Jean-Jacques Hublin, and Christophe Boesch. 2013.
“Stable Isotope Evidence of Meat Eating and Hunting Specialization in Adult Male Chimpanzees.”
Proceedings of the National Academy of Sciences of the United States of America 110 (15): 5829-33.



122

doi:10.1073/pnas.1221991110.

Fairgrieve, C., & Muhumuza, G. (2003). Feeding ecology and dietary differences between blue monkey
(Cercopithecus mitis stuhlmanni Matschie) groups in logged and unlogged forest, Budongo Forest Reserve,
Uganda. African Journal of Ecology, 41(2), 141-149.

Feeroz, M. M. (2011). Resource Partitioning among the Sympatric Primate Species of West Bhanugach
Forest Reserve of Bangladesh. Biodiversity—Present State, Problems and Prospects of its Conservation, 33.

Feeroz, M. M. (2012). Niche separation between sympatric pig-tailed macaque (Macaca leonina) and
rhesus macaque (M. mulatta) in Bangladesh. J Primatol, 1(106), 2.

Felton, A. M., Felton, A., Wood, J. T., & Lindenmayer, D. B. (2008). Diet and feeding ecology of Ateles
chamek in a Bolivian semihumid forest: the importance of Ficus as a staple food resource. International
Journal of Primatology, 29(2), 379-403.

Felton, A. M., Felton, A., Wood, J. T., Foley, W. J., Raubenheimer, D., Wallis, I. R., & Lindenmayer, D. B.
(2009). Nutritional ecology of Ateles chamek in lowland Bolivia: how macronutrient balancing influences
food choices. International Journal of Primatology, 30(5), 675-696.

Ferrari, S. F. (1988). The behaviour and ecology of the buffy-headed marmoset, Callithrix flaviceps (O.
Thomas, 1903) (Doctoral dissertation, University of London).

Freitas, C. H. D., Setz, E. Z., Aratjo, A. R., & Gobbi, N. (2008). Agricultural crops in the diet of bearded
capuchin monkeys, Cebus libidinosus Spix (Primates: Cebidae), in forest fragments in southeast Brazil.
Revista Brasileira de Zoologia, 25(1), 32-39.

Fuentes, A., Rompis, A. L., Putra, I. G. A. A., Watiniasih, N. L., Suartha, I. N, Soma, I. G., ... & Selamet,
W. A.Y.A.N. (2011). Macaque behavior at the human—monkey interface: the activity and demography of
semi-free-ranging Macaca fascicularis at Padangtegal, Bali, Indonesia. Monkeys on the edge: ecology and
management of long-tailed macaques and their interface with humans, 159-179.

Galetti, M., & Pedroni, F. (1994). Seasonal diet of capuchin monkeys (Cebus apella) in a semideciduous
forest in south-east Brazil. Journal of Tropical Ecology, 10(01), 27-39.

Garber, P. A. (1988). Diet, foraging patterns, and resource defense in a mixed species troop of Saguinus
mystax and Saguinus fuscicollis in Amazonian Peru. Behaviour, 18-34.

Georgiev, A. V., Thompson, M. E., Lokasola, A. L., & Wrangham, R. W. (2011). Seed predation by
bonobos (Pan paniscus) at Kokolopori, Democratic Republic of the Congo. Primates, 52(4), 309-314.

Gonzalez, M., & Stevenson, P. R. Seed Dispersal by Woolly Monkeys (Lagothrix lagothricha) at Capara
Biological Station (Colombia): Quantitative Description and Qualitative Analysis. Developments in
Primatology: Progress and Prospects, 147.

Gould, L., Power, M. L., Ellwanger, N., & Rambeloarivony, H. (2011). Feeding behavior and nutrient
intake in spiny forest- dwelling ring- tailed lemurs (Lemur catta) during early gestation and early to mid-

lactation periods: Compensating in a harsh environment. American journal of physical anthropology,
145(3), 469-479.

Green, S., & Minkowski, K. (1977). The lion-tailed monkey and its South Indian rain forest habitat.
Primate conservation, 289-337.

Gumert, M. D., & Malaivijitnond, S. (2012). Marine prey processed with stone tools by burmese long-
tailed macaques (Macaca fascicularis aurea) in intertidal habitats. American Journal of Physical



123

Anthropology, 149(3), 447-457.
Gursky-Doyen, S., & Supriatna, J. (Eds.). (2010). Indonesian primates. Springer.

Garcia-Ordua F. 2002. Comparacion de las estrategias deforrajeo de Ateles geoffroyi velleresusy Alouatta
palliatamexicana, en un fragmento de selva de la Sierra de Santa Marta, Veracruz. MSc Thesis. Xalapa:
Universidad Veracruzan IN Gonzalez-Zamora, A., Arroyo-Rodriguez, V., Chaves, O. M., Sanchez-Lopez,
S., Stoner, K. E. and Riba-Hernandez, P. (2009), Diet of spider monkeys (Ateles geoffroyi) in Mesoamerica:
current knowledge and future directions. Am. J. Primatol., 71: 8-20. doi: 10.1002/ajp.20625

Haimoff, E. H., Yang, X. J., He, S. J., & Chen, N. (1987). Preliminary observations of wild black-crested
gibbons (Hylobates concolor concolor) in Yunnan Province, People's Republic of China. Primates, 28(3),
319-335.

Hanya, G., Ménard, N., Qarro, M., Tattou, M. L., Fuse, M., Vallet, D., ... & Wada, K. (2011). Dietary
adaptations of temperate primates: comparisons of Japanese and Barbary macaques. Primates, 52(2), 187-
198.

Hanya, G. (2004). Diet of a Japanese macaque troop in the coniferous forest of Yakushima. /nternational
Journal of Primatology, 25(1), 55-71.

Hanya, G., Noma, N., & Agetsuma, N. (2003). Altitudinal and seasonal variations in the diet of Japanese
macaques in Yakushima. Primates, 44(1), 51-59.

Hardus, M. E., Lameira, A. R., Zulfa, A., Atmoko, S. S. U., de Vries, H., & Wich, S. A. (2012). Behavioral,
ecological, and evolutionary aspects of meat-eating by Sumatran orangutans (Pongo abelii). International
Journal of primatology, 33(2), 287-304.

Harding, R. S. (1976). Ranging patterns of a troop of baboons (Papio anubis) in Kenya. Folia
Primatologica, 25(2-3), 143-185.

Harrison, Mark E., Helen C. Morrogh-Bernard, and David J. Chivers. 2010. “Orangutan Energetics and the
Influence of Fruit Availability in the Nonmasting Peat-Swamp Forest of Sabangau, Indonesian Borneo.”
International Journal of Primatology 31 (4): 585-607. doi:10.1007/s10764-010-9415-5.

Head, J. S., Boesch, C., Makaga, L., & Robbins, M. M. (2011). Sympatric chimpanzees (Pan troglodytes
troglodytes) and gorillas (Gorilla gorilla gorilla) in Loango National Park, Gabon: dietary composition,
seasonality, and intersite comparisons. International Journal of Primatology, 32(3), 755-775.

Hilario, R. R. and Ferrari, S. F. (2010), Feeding ecology of a group of buffy-headed marmosets (Callithrix
flaviceps): fungi as a preferred resource. Am. J. Primatol., 72: 515-521. doi: 10.1002/ajp.20804

McCabe, G. M., Fernandez, D. and Ehardt, C. L. (2013), Ecology of reproduction in Sanje mangabeys
(Cercocebus sanjei): Dietary strategies and energetic condition during a high fruit period. Am. J. Primatol.,
75: 1196-1208. doi: 10.1002/ajp.22182

Ramos-Fernandez G, Ayala-Orozco B. 2003. Population size and habitat use of spider monkeys in Punta
Laguna, Mexico. In: Marsh LK, editor. Primates in fragments: ecology and conservation. New York:
Kluwer/Plenum Press. p 191-209

Riba-Hernandez, P. and Stoner, K. E. (2005), Massive Destruction of Symphonia globulifera (Clusiaceae)
Flowers by Central American Spider Monkeys (Ateles geoffroyi). Biotropica, 37: 274-278.
doi: 10.1111/j.1744-7429.2005.00037.x



124

Hill, R. A., & Dunbar, R. I. M. (2002). Climatic determinants of diet and foraging behaviour in baboons.
Evolutionary Ecology, 16(6), 579-593.

Rose, L. M. (1994). Sex differences in diet and foraging behavior in white-faced capuchins (Cebus
capucinus). International Journal of Primatology, 15(1), 95-114.

Hill, D. A. (1997), Seasonal variation in the feeding behavior and diet of Japanese macaques (Macaca
fuscata yakui) in lowland forest of Yakushima. Am. J. Primatol., 43: 305-320. doi: 10.1002/(SIC1)1098-
2345(1997)43:4

Huang, Z., Huang, C., Tang, C., Huang, L., Tang, H., Ma, G., & Zhou, Q. (2014). Dietary adaptations of
Assamese macaques (Macaca assamensis) in limestone forests in Southwest China. American journal of
primatology.

Islam, M. A., & Feeroz, M. M. (1992). Ecology of hoolock gibbon of Bangladesh. Primates, 33(4), 451-
464.

Izar, P. (2004). Female social relationships of Cebus apella nigritus in a southeastern Atlantic forest: an
analysis through ecological models of primate social evolution. Behaviour, 141(1), 71-99.

Izar, P., Verderane, M. P., Peternelli-dos-Santos, L., Mendonca-Furtado, O., Presotto, A., Tokuda, M.,
Visalberghi, E. and Fragaszy, D. (2012), Flexible and conservative features of social systems in tufted
capuchin monkeys: comparing the socioecology of Sapajus libidinosus and Sapajus nigritus. Am. J.
Primatol., 74: 315-331. doi: 10.1002/ajp.20968

Izawa, K. (1975). Foods and feeding behavior of monkeys in the upper Amazon basin. Primates, 16(3),
295-316.

Johnson, E. C., Hill, E., & Cooper, M. A. (2007). Vomiting in wild bonnet macaques. International Journal
of Primatology, 28(1), 245-256.

Kamilar, Jason M. 2006. “Geographic Variation in Savanna Baboon (Papio) Ecology and Its Taxonomic
and Evolutionary Implications.” In Primate Biogeography, 169-200. Developments in Primatology:
Progress and Prospects. Springer US. http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/0-
387-31710-4_6.

Kaplin, B. A. (2001). Ranging behavior of two species of guenons (Cercopithecus lhoesti and C. mitis
doggetti) in the Nyungwe Forest Reserve, Rwanda. International Journal of Primatology, 22(4), 521-548.

Kaplin, B. A., Munyaligoga, V., & Moermond, T. C. (1998). The Influence of Temporal Changes in Fruit
Availability on Diet Composition and Seed Handling in Blue Monkeys (Cercopithecus mitis doggetti) 1.
Biotropica, 30(1), 56-71.

Keuroghlian, A., & Passos, F. C. (2001). Prey foraging behavior, seasonality and time-budgets in black lion
tamarins, Leontopithecus chrysopygus (Mikan 1823)(Mammalia, Callitrichidae). Brazilian Journal of
Biology, 61(3), 455-459.

Kim, S., Lappan, S., & Choe, J. C. (2011). Diet and ranging behavior of the endangered Javan gibbon
(Hylobates moloch) in a submontane tropical rainforest. American journal of primatology, 73(3), 270-280.

Kim, S., Lappan, S., & Choe, J. C. (2012). Responses of Javan Gibbon (Hylobates moloch) Groups in
Submontane Forest to Monthly Variation in Food Availability: Evidence for Variation on a Fine Spatial
Scale. American journal of primatology, 74(12), 1154-1167.

Knott, C. D. (1998). Changes in orangutan caloric intake, energy balance, and ketones in response to
fluctuating fruit availability. International Journal of Primatology, 19(6), 1061-1079.


http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/0-387-31710-4_6
http://link.springer.com.ezproxy.library.uvic.ca/chapter/10.1007/0-387-31710-4_6

125

Kunz, Britta K., and K. Eduard Linsenmair. 2008. “The Disregarded West: Diet and Behavioural Ecology
of Olive Baboons in the Ivory Coast.” Folia Primatologica 79 (1): 31-51. doi:10.1159/000108384.

Kumara, H. N., Singh, M., Sharma, A. K., Singh, M. R., & Ananda Kumar, M. (2000). Faunal component
in the diet of lion-tailed macaques. Prime Report, 58, 57-65.

Kupsch, Denis, Matthias Waltert, and Eckhard W. Heymann. 2014. “Forest Type Affects Prey Foraging of
Saddleback Tamarins, Saguinus Nigrifrons.” Primates 55 (3): 403—13. do0i:10.1007/s10329-014-0416-4.

Krishnamani, R. (1994). Diet composition of the bonnet macaque (Macaca radiata) in a tropical
dry evergreen forest of southern India. Tropical Biodiversity, 2(2), 285-302.

Ii, W., & Henry, G. (1991). Patterns of foraging, ranging, and interspecific associations of Diana monkeys
(Cercopithecus diana) in Sierra Leone, West Africa.

Lan, D. Y. (1993). Feeding and vocal behaviours of black gibbons (Hylobates concolor) in Yunnan: a
preliminary study. Folia Primatologica, 60(1-2), 94-105.

Leighton, M. (1993). Modeling dietary selectivity by Bornean orangutans: evidence for integration of
multiple criteria in fruit selection. International Journal of Primatology, 14(2), 257-313.

Link, A., Palma, A. C., Velez, A., & De Luna, A. G. (2006). Costs of twins in free-ranging white-bellied
spider monkeys (Ateles belzebuth belzebuth) at Tinigua National Park, Colombia. Primates, 47(2), 131-
139.

Lindburg, D. G., (1980). The macaques: Studies in ecology, behavior, and evolution. New York; Toronto:
Van Nostrand Reinhold Co.

MacKinnon, J. (1974). The behaviour and ecology of wild orang-utans (< i> Pongo pygmaeus</i>). Animal
Behaviour, 22(1), 3-74. Cited IN Wheatley, Bruce P. 1982. “Energetics of Foraging inMacaca Fascicularis
andPongo Pygmaeus and a Selective Advantage of Large Body Size in the Orang-Utan.” Primates 23 (3):
348-63. doi:10.1007/BF02381319.

MacKinnon, K. C. (2006). Food choice by juvenile capuchin monkeys (Cebus capucinus) in a tropical dry
forest. In New Perspectives in the Study of Mesoamerican Primates (pp. 349-365). Springer US.

Malone, N (2007). : The Socioecology of the Critically Endangered Javan Gibbon (Hylobates moloch):
Assessing the Impact of Anthropogenic Disturbance on Primate Social Systems. Dissertation.

Martinez, B. T. (2010). Forest restoration in Masoala National Park, Madagascar: The contribution of the
red-ruffed lemur (Varecia rubra) and the livelihoods of subsistence farmers at Ambatoladama (Doctoral
dissertation, UNIVERSITY OF MINNESOTA).

Martinez, B. T., & Razafindratsima, O. H. (2014). Frugivory and Seed Dispersal Patterns of the Red-Ruffed
Lemur, Varecia rubra, at a Forest Restoration Site in Masoala National Park, Madagascar. Folia
Primatologica, 85(4), 228-243.

Matsumoto-Oda, A. (2002). Behavioral seasonality in Mahale chimpanzees. Primates, 43(2), 103-117. —
McGraw, W. S., Vick, A. E., & Daegling, D. J. (2014). Dietary variation and food hardness in sooty
mangabeys (Cercocebus atys): Implications for fallback foods and dental adaptation. American journal of
physical anthropology.

MehlIman, P. T. (1988), Food resources of the wild Barbary macaque (Macaca sylvanus) in high-altitude fir
forest, Ghomaran Rif, Morocco. Journal of Zoology, 214: 469-490. doi: 10.1111/].1469-
7998.1988.th03754.x



126

Ménard, N. (2002), Ecological plasticity of Barbary macaques (Macaca sylvanus). Evol. Anthropol.,
11: 95-100. doi: 10.1002/evan.10067

Ne IY MENARD, N. (2004). 11 Do ecological factors explain variation in social organization?. Macaque
societies: a model for the study of social organization, 41, 237.

Nakagawa, N. (1989). Activity budget and diet of patas monkeys in Kala Maloue National Park, Cameroon:
a preliminary report. Primates, 30(1), 27-34.

Nakagawa, N. (2003). Difference in food selection between patas monkeys (Erythrocebus patas) and
tantalus monkeys (Cercopithecus aethiops tantalus) in Kala Maloue National Park, Cameroon, in relation to
nutrient content. Primates, 44(1), 3-11.

Nunes, A. E. (1998). Diet and feeding ecology of Ateles belzebuth belzebuth at Maraca Ecological Station,
Roraima, Brazil. Folia Primatologica, 69(2), 61-76.

Nakagawa, N. (2000). Foraging energetics in patas monkeys (erythrocebus patas) and tantalus monkeys
(cercopithecus aethiops tantalus): Implications for reproductive seasonality. American Journal of
Primatology, 52(4), 169-186. Retrieved from
http://search.proquest.com.ezproxy.library.uvic.ca/docview/38974524?accountid=14846

Nadjafzadeh, M. N. and Heymann, E. W. (2008), Prey foraging of red titi monkeys, Callicebus cupreus, in
comparison to sympatric tamarins, Saguinus mystax and Saguinus fuscicollis. Am. J. Phys. Anthropol.,
135: 56-63. doi: 10.1002/ajpa.20704

Nakagawa, N. (2008). Despotic wild patas monkeys (Erythrocebus patas) in Kala Maloue, Cameroon.
American journal of primatology, 70(3), 238-246.

Peres, C. A. (1993). Diet and feeding ecology of saddle- back (Saguinus fuscicollis) and moustached (S.
mystax) tamarins in an Amazonian terra firme forest. O'Brien, T. G., & Kinnaird, M. F. (1997). Behavior,
diet, and movements of the Sulawesi crested black macaque (Macaca nigra). International Journal of
Primatology, 18(3), 321-351.

Peres, C. A. (1994). Diet and feeding ecology of gray woolly monkeys (Lagothrix lagotricha cana) in
central Amazonia: comparisons with other atelines. International Journal of Primatology, 15(3), 333-372.

Pinkus, S., Smith, J. N., & Jolly, A. (2006). Feeding competition between introduced Eulemur fulvus and
native Lemur catta during the birth season at Berenty Reserve, southern Madagascar. In Ringtailed Lemur
Biology (pp. 119-140). Springer US.

de Oliveira, S. G., Lynch Alfaro, J. W. and Veiga, L. M. (2014), Activity budget, diet, and habitat use in the
critically endangered Ka'apor capuchin monkey (Cebus kaapori) in Para State, Brazil: A preliminary
comparison to other capuchin monkeys. Am. J. Primatol., 76: 919-931. doi: 10.1002/ajp.22277

Okecha, A. A., & Newton-Fisher, N. E. (2006). The diet of olive baboons (Papio anubis) in the Budongo
Forest Reserve, Uganda. In Primates of Western Uganda (pp. 61-73). Springer New Y ork.Journal of
Zoology, 230(4), 567-592.

Plummer, T. W., & Stanford, C. B. (2000). Analysis of a bone assemblage made by chimpanzees at Gombe
National Park, Tanzania. Journal of human evolution, 39(3), 345-365.

Pochron, S. T. (2000). The Core Dry-Season Diet of Yellow Baboons (Papio hamadryas cynocephalus) in
Ruaha National Park, Tanza nia. Folia Primatologica, 71(5), 346-349.

Pombo, A. R., Waltert, M., Mansjoer, S. S., Mardiastuti, A., & Miihlenberg, M. (2004). Home range, diet



127

and behaviour of the Tonkean macaque (Macaca tonkeana) in Lore Lindu National Park, Sulawesi. In Land
use, nature conservation and the stability of rainforest margins in southeast asia (pp. 313-325). Springer
Berlin Heidelberg.

Porter, L. M., & Garber, P. A. (2013). Foraging and spatial memory in wild Weddell’s saddleback tamarins
(saguinus fuscicollis weddelli) when moving between distant and out-of-sight goals. International Journal
of Primatology, 34(1), 30-48. doi:10.1007/s10764-012-9644-x

Post, David G. 1982. “Feeding Behavior of Yellow Baboons (Papio Cynocephalusin) the Amboseli
National Park, Kenya.” International Journal of Primatology 3 (4): 403-30. doi:10.1007/BF02693741.
Pruetz, J. D. (2006). Feeding ecology of savanna chimpanzees (Pan troglodytes verus) at Fongoli, Senegal.
Feeding ecology in apes and other primates, 326364

Pruetz, J. D., & Isbell, L. A. (2000). Correlations of food distribution and patch size with agonistic
interactions in female vervets (Chlorocebus aethiops) and patas monkeys (Erythrocebus patas) living in
simple habitats. Behavioral Ecology and Sociobiology, 49(1), 38-47.

Rhine, R. J., Norton, G. W., Wynn, G. M., Wynn, R. D., & Rhine, H. B. (1986). Insect and meat eating
among infant and adult baboons (Papio cynocephalus) of Mikumi National Park, Tanzania. American
Journal of physical anthropology, 70(1), 105.

Richard, A. F., Goldstein, S. J., & Dewar, R. E. (1989). Weed macaques: the evolutionary implications of
macaque feeding ecology. International Journal of Primatology, 10(6), 569-594.

Richter, C. (2014). Within-and between-group feeding competition in Siberut macaques (Macaca siberu)
and Assamese macaques (Macaca assamensis) (Doctoral dissertation, Niedersdchsische Staats-und
Universitétsbibliothek Gottingen).

Riley, E. P. (2007). Flexibility in diet and activity patterns of Macaca tonkeana in response to
anthropogenic habitat alteration. International Journal of Primatology, 28(1), 107-133.

Riley, E. P. (2007). The human—macaque interface: conservation implications of current and future overlap
and conflict in Lore Lindu National Park, Sulawesi, Indonesia. American Anthropologist, 109(3), 473-484.

Riley, E. P., Tolbert, B., & Farida, W. R. (2013). Nutritional content explains the attractiveness of cacao to
crop raiding Tonkean macaques. Zoology, 59(2), 160-169.

RODMAN, P. S., 1978. Diets, densities and distribution of bornean primates. In: The Ecology of Arboreal
Folivores, G. G. MONTGOMERY (ed.), Smithsonian Inst. Press, Washington, D.C., pp. 465478 IN Sailer,
L. D., Gaulin, S. J., Boster, J. S., & Kurland, J. A. (1985). Measuring the relationship between dietary
quality and body size in primates. Primates, 26(1), 14-27.

Russon, A. E., Wich, S. A., Ancrenaz, M., Kanamori, T., Knott, C. D., Kuze, N, ... & van Schaik, C.
(2009). Geographic variation in orangutan diets. Orangutans: Geographic Variation in Behavioral Ecology
(eds. SA Wich, SS Utami Atmoko, T. Mitra Setia, and CP van Schaik). Oxford Univ. Press, Oxford.

Sabbatini, G., Stammati, M., Tavares, M., & Visalberghi, E. (2008). Behavioral flexibility of a group of
bearded capuchin monkeys (Cebus libidinosus) in the National Park of Brasilia (Brazil): consequences of
cohabitation with visitors. Brazilian Journal Of Biology = Revista Brasleira De Biologia, 68(4), 685-693

Sato, H., Ichino, S., & Hanya, G. (2014). Dietary modification by common brown lemurs (Eulemur fulvus)
during seasonal drought conditions in western Madagascar. Primates, 55(2), 219-230.

Schiel, N., Souto, A., Huber, L. and Bezerra, B. M. (2010), Hunting strategies in wild common marmosets
are prey and age dependent. Am. J. Primatol., 72: 1039—1046. doi: 10.1002/ajp.20860



128

Schiilke, O., Pesek, D., Whitman, B. J., & Ostner, J. (2011). Ecology of Assamese macaques (Macaca
assamensis) at Phu Khieo Wildlife Sanctuary, Thailand. J Wildl Thailand, 18, 1-15.

Schwitzer, N., Randriatahina, G. H., Kaumanns, W., Hoffmeister, D., & Schwitzer, C. (2007). Habitat
utilization of blue-eyed black lemurs, Eulemur macaco flavifrons (Gray, 1867), in primary and altered
forest fragments. Primate Conservation, 22(1), 79-87.

SERRA, V. (2012). Behavioural ecology of the red collared brown lemur (Eulemur collaris): comparison
between groups living in well preserved and degraded littoral forest fragments, in South-eastern
Madagascar.

Sha, J. C. M., & Hanya, G. (2013). Diet, Activity, Habitat Use, and Ranging of Two Neighboring Groups
of Food- Enhanced Long- Tailed Macaques (Macaca fascicularis). American journal of primatology, 75(6),
581-592.

Simmen, B., Bayart, F., Marez, A., & Hladik, A. (2007). Diet, nutritional ecology, and birth season of
Eulemur macaco in an anthropogenic forest in Madagascar. International Journal of Primatology, 28(6),
1253-1266.

Simmen, B., Hladik, A., & Ramasiarisoa, P. (2003). Food intake and dietary overlap in native Lemur catta
and Propithecus verreauxi and introduced Eulemur fulvus at Berenty, southern Madagascar. International
Journal of Primatology, 24(5), 949-968.

Singh, M. R., Singh, M., Ananada Kumar, M., Kumar, H. N., Sharma, A. K., & Sushma, H. S. (2000).
Niche separation in sympatric lion-tailed macaques (Macaca silenus) and Nilgiri langur (Presbytis johnii) in
an Indian tropical rain forest. Primate Report, 58, 83-95.

Singh, M., Roy, K., & Singh, M. (2011). Resource partitioning in sympatric langurs and macaques in
tropical rainforests of the central Western Ghats, South India. American journal of primatology, 73(4), 335-
346.

Stanford, C. B. (1996), The Hunting Ecology of Wild Chimpanzees: Implications for the Evolutionary
Ecology of Pliocene Hominids. American Anthropologist, 98: 96-113. doi: 10.1525/3a.1996.98.1.02a0009

Stevenson, P. R., & Link, A. (2010). Fruit preferences of Ateles belzebuth in Tinigua Park, northwestern
Amazonia. International journal of primatology, 31(3), 393-407.

Stevenson, P. R. (2006). Activity and ranging patterns of Colombian woolly monkeys in north-western
Amazonia. Primates, 47(3), 239-247.

Stone, A. 1. (2007), Ecological Risk Aversion and Foraging Behaviors of Juvenile Squirrel Monkeys
(Saimiri sciureus). Ethology, 113: 782—792. doi: 10.1111/j.1439-0310.2007.01377.

Stone, A. 1. (2008). Seasonal effects on play behavior in immature Saimiri sciureus in eastern Amazonia.
International Journal of Primatology, 29(1), 195-205.

Srivastava A (1999) Primates of Northeast India. Megadiversity Press, Bikaner IN Richter, C. (2014).
Within-and between-group feeding competition in Siberut macaques (Macaca siberu) and Assamese
macaques (Macaca assamensis) (Doctoral dissertation, Niedersdchsische Staats-und Universitatsbibliothek
Gaottingen).

Suarez, S. A. (2006). Diet and travel costs for spider monkeys in a nonseasonal, hyperdiverse environment.
International Journal of Primatology, 27(2), 411-436.



129
Son,V. D. (2003b). Diet of Macaca fascicularis in a mangrove forest, Vietnam. Laboratory Primate
Newsletter, 42[4], 1-5

Supriatna, J. & Andayani, N. 2008. Macaca nigra. The IUCN Red List of Threatened Species. Version
2014.2. <www.iucnredlist.org>.

Souza, L. L., Ferrari, S. F., & Pina, A. L. C. B. (1997). Feeding Behaviour and Predation of a Bat by
Saimiri sciureusin a Semi-Natural Amazonian Environment. Folia Primatologica, 68(3-5), 194-198.

Swedell, L., & Hailemeskel, G., Schrier, A. (2007). Composition and Seasonality of Diet in Wild
Hamadryas Baboons: Preliminary Findings from Filhola. Folia Primatologica, 79, 476-490.

Tarnaud, L. (2004). Ontogeny of feeding behavior of Eulemur fulvus in the dry forest of Mayotte.
International Journal of Primatology, 25(4), 803-824.

Tashiro, Y. (2006). Frequent insectivory by two guenons (Cercopithecus lhoesti and Cercopithecus mitis)
in the Kalinzu Forest, Uganda. Primates, 47(2), 170-173.

Tilson RL. 1979. Behaviour of hoolock gibbon (Hylobates hoolock) during different seasons in Assam,
India. J Bombay Nat Hist Soc 76(1):1-16

Tolo, C. U., Baranga, J., & Kagoro- Rugunda, G. (2008). Dietary selection of L’Hoest monkeys in Kalinzu
forest reserve, southwestern Uganda. African Journal of Ecology, 46(2), 149-157.

Tesfaye, D., Fashing, P. J., Bekele, A., Mekonnen, A., & Atickem, A. (2013). Ecological flexibility in
Boutourlini’s blue monkeys (Cercopithecus mitis boutourlinii) in Jibat Forest, Ethiopia: a comparison of
habitat use, ranging behavior, and diet in intact and fragmented forest. International Journal of
Primatology, 34(3), 615-640.

Tournier, E., Tournier, V., Waal, E., Barrett, A., Brown, L., & Bshary, R. (2014). Differences in Diet
Between Six Neighbouring Groups of Vervet Monkeys. Ethology, 120(5), 471-482.

Thompson, M. E., & Wrangham, R. W. (2008). Diet and reproductive function in wild female chimpanzees
(Pan troglodytes schweinfurthii) at Kibale National Park, Uganda. American Journal of Physical
Anthropology, 135(2), 171-181.
Tweheyo, M., & Obua, J. (2001). Feeding habits of chimpanzees (Pan troglodytes), red- tail monkeys
(Cercopithecus ascanius schmidti) and blue monkeys (Cercopithecus mitis stuhlmanii) on figs in Budongo
Forest Reserve, Uganda. African Journal of Ecology, 39(2), 133-139.

Ungar, P. S. (1995). Fruit preferences of four sympatric primate species at Ketambe, Northern Sumatra,
Indonesia. International Journal of Primatology, 16(3), 221-245.

Vasey, N. (2000), Niche separation in Varecia variegata rubra and Eulemur fulvus albifrons: I.
Interspecific patterns. Am. J. Phys. Anthropology

van Dorn (2009). The effects of extreme seasonality of climate and day length on the activity budget and
diet of semi-commensal chacma baboons (Papio ursinus) in the Cape Peninsula of South Africa. American
Journal of Physical Anthropology.

Verderane, M., Izar, P., Visalberghi, E., & Fragaszy, D. M. (2013). Socioecology of wild bearded capuchin
monkeys (Sapajus libidinosus): an analysis of social relationships among female primates that use tools in
feeding. Behaviour, 150, 659-689.

Vilela, A. A., & Del-Claro, K. (2011). Feeding Behavior of the Black-Tufted-ear Marmoset (Callithrix
penicillata)(Primata, Callitrichidae) in a Tropical Cerrado Savanna. Sociobiology, 58(2), 309-314.


http://www.iucnredlist.org/

130

Vogel, E. R., Haag, L., Mitra-Setia, T., van Schaik, C. P. and Dominy, N. J. (2009), Foraging and ranging
behavior during a fallback episode: Hylobates albibarbis and Pongo pygmaeus wurmbii compared. Am. J.
Phys. Anthropol., 140: 716-726. doi: 10.1002/ajpa.21119

Volampeno, M. S. N., Masters, J. C., & Downs, C. T. (2011). Life history traits, maternal behavior and
infant development of blue- eyed black lemurs (Eulemur flavifrons). American journal of primatology,
73(5), 474-484.

Volampeno, M. S. N., Randriatahina, G., & Downs, C. T. (2013). Structure and composition of Ankarafa
Forest, Sahamalaza-Iles Radama National Park, Madagascar: implications for the frugivorous endemic
blue-eyed black lemur (Eulemur flavifrons). South African Journal of Wildlife Research, 43(2), 91-102.

WATTS, D. P. (2005). 8 Seasonally in hunting by non-human primates. Seasonality in primates: Studies of
living and extinct human and non-human primates, 44, 215.

Wallace, R. B. (2005). Seasonal variations in diet and foraging behavior of Ateles chamek in a southern
Amazonian tropical forest. International Journal of Primatology, 26(5), 1053-1075.

Wich, S. A., Utami-Atmoko, S. S., Setia, T. M., Djoyosudharmo, S., & Geurts, M. L. (2006). Dietary and
energetic responses of Pongo abelii to fruit availability fluctuations. International Journal of Primatology,
27(6), 1535-1550.

Wachter, B., Schabel, M. and Nog, R. (1997), Diet Overlap and Polyspecific Associations of Red Colobus
and Diana Monkeys in the Tai National Park, Ivory Coast. Ethology, 103: 514-526. doi: 10.1111/j.1439-
0310.1997.tb00164.x

Wallace, R. B. (2005). Seasonal variations in diet and foraging behavior of Ateles chamek in a southern
Amazonian tropical forest. International Journal of Primatology, 26(5), 1053-1075.

Wrangham, R. W., & Waterman, P. G. (1981). Feeding behaviour of vervet monkeys on Acacia tortilis and
Acacia xanthophloea: with special reference to reproductive strategies and tannin production. The Journal
of Animal Ecology, 715-731.

Wrangham, R. W., Conklin, N. L., Chapman, C. A., Hunt, K. D., Milton, K., Rogers, E., ... & Barton, R. A.
(1991). The Significance of Fibrous Foods for Kibale Forest Chimpanzees [and Discussion]. Philosophical
Transactions of the Royal Society of London. Series B: Biological Sciences, 334(1270), 171-178.

Wheatley, B. P., PUTRA, O. H., & Gonder, M. K. (1996). A comparison of wild and food-enhanced long-
tailed macaques iMarara fasrirularis). Evolution and Ecology of Macaque Societies, 182

White, F. (1986). Census and preliminary observations on the ecology of the black- faced black spider
monkey (Ateles paniscus chamek) in Manu National Park, Peru. American Journal of Primatology, 11(2),
125-132.

Whiten, A., Byrne, R. W., Barton, R. A., Waterman, P. G., Henzi, S. P., Hawkes, K., ... & Dunbar, R. I. M.
(1991). Dietary and foraging strategies of baboons [and discussion]. Philosophical Transactions of the
Royal Society of London. Series B: Biological Sciences, 334(1270), 187-197.

Whitington, C. L. (1992), Interactions between lar gibbons and pig-tailed macaques at fruit sources. Am. J.
Primatol., 26: 61-64. doi: 10.1002/ajp.1350260110

Xiao, W., Fan, p., Huo, S., & Jiang, X. L. (2009). Singing behavior and singing functions of black- crested
gibbons (Nomascus concolor jingdongensis) at Mt. Wuliang, central Yunnan, China. American Journal of
Primatology, 71(7), 539-547.



131

Yamashita, N. (2002). Diets of two lemur species in different microhabitats in Beza Mahafaly Special
Reserve, Madagascar. International Journal of Primatology, 23(5), 1025-1051

Yamashita, N. (2008). Chemical properties of the diets of two lemur species in southwestern Madagascar.
International Journal of Primatology, 29(2), 339-364.

Yeager, C. P. (1996). Feeding ecology of the long-tailed macaque (Macaca fascicularis) in Kalimantan
Tengah, Indonesia. International Journal of Primatology, 17(1), 51-62.

Zhang, D., Fei, H. L., Yuan, S. D, Sun, W. M., Ni, Q. Y., Cui, L. W., & Fan, P. F. (2014). Ranging
behavior of eastern hoolock gibbon (Hoolock leuconedys) in a northern montane forest in Gaoligongshan,
Yunnan, China. Primates, 55(2), 239-247.

Zhou, Q., Wei, H., Huang, Z., & Huang, C. (2011). Diet of the Assamese macaque Macaca assamensis in
limestone habitats of Nonggang, China. Curr Zool, 57, 18-25.

Zhou, Q., Wei, H., Huang, Z., Krzton, A., & Huang, C. (2014). Ranging behavior and habitat use of the
Assamese macaque (Macaca assamensis) in limestone habitats of Nonggang, China. Mammalia, 78(2),
171-176.

References Appendix 3

Buzzard, P. J. (2006). Ranging patterns in relation to seasonality and frugivory among Cercopithecus
campbelli, C. petaurista, and C. diana in the Tai forest. International Journal of Primatology, 27(2), 559-
573.

Chapman, C. A., & Chapman, L. J. (2000). Interdemic variation in mixed-species association patterns:
common diurnal primates of Kibale National Park, Uganda. Behavioral Ecology and Sociobiology, 47(3),
129-139.

Doran, D. (1997). Influence of seasonality on activity patterns, feeding behavior, ranging, and grouping
patterns in Tai chimpanzees. International Journal of Primatology, 18(2), 183-206.

Hoffman, T. S., & O’Riain, M. J. (2011). The spatial ecology of chacma baboons (Papio ursinus) in a
human-modified environment. International Journal of Primatology, 32(2), 308-328.

Izumiyama, S., Mochizuki, T., & Shiraishi, T. (2003). Troop size, home range area and seasonal range use
of the Japanese macaque in the Northern Japan Alps. Ecological Research, 18(5), 465-474.

Johnson, Caspian, Alex K. Piel, Dan Forman, Fiona A. Stewart, and Andrew J. King. 2015. “The Ecological
Determinants of Baboon Troop Movements at Local and Continental Scales.” Movement Ecology 3 (1): 1—-
13. doi:10.1186/s40462-015-0040-y.

Ramos-Fernandez, G., & Ayala-Orozco, B. (2003). Population size and habitat use of spider monkeys at
Punta Laguna, Mexico. In Primates in Fragments (pp. 191-209). Springer US.

Richter, C. (2014). Within-and between-group feeding competition in Siberut macaques (Macaca siberu)
and Assamese macaques (Macaca assamensis) (Doctoral dissertation, Niedersdchsische Staats-und
Universitétsbibliothek Gottingen).

Stickler, C. M. (2004). The effects of logging on primate-habitat interactions: a case study of redtail
monkeys (Cercopithecus ascanius) in Kibale National Park, Uganda (Doctoral dissertation, University of
Florida).

Volampeno, M. S. N., Masters, J. C., & Downs, C. T. (2011). Home range size in the blue-eyed black
lemur (Eulemur flavifrons): A comparison between dry and wet seasons. Mammalian Biology-Zeitschrift

fiir Sdugetierkunde, 76(2), 157-164.

References Appendix 4




132

Adeola, A. J., Apapa, A. N., Adeyemo, A. L., Alaye, S. A., & Ogunjobi, J. A. (2014). Seasonal variation in
plants consumption pattern by foraging Olive Baboons (Papio anubis. Lesson, 1827) inside Kainji Lake
National Park. Journal of Applied Sciences and Environmental Management, 18(3), 481-484.

Barton, R. A., & Whiten, A. (1994). Reducing complex diets to simple rules: food selection by olive
baboons. Behavioral Ecology and Sociobiology, 35(4), 283-293.

Beaune, D., Bretagnolle, F., Bollache, L., Hohmann, G., Surbeck, M., Bourson, C., & Fruth, B. (2013). The
Bonobo-Dialium positive interactions: seed dispersal mutualism. American journal of primatology, 75(4),
394-403.

Boinski, S., Quatrone, R. P. and Swartz, H. (2000), Substrate and Tool Use by Brown Capuchins in
Suriname: Ecological Contexts and Cognitive Bases. American Anthropologist, 102: 741-761.
doi: 10.1525/aa.2000.102.4.741

Conklin-Brittain, Nancy Lou, Richard W. Wrangham, and Kevin D. Hunt. 1998. “Dietary Response of
Chimpanzees and Cercopithecines to Seasonal Variation in Fruit Abundance. II. Macronutrients.”
International Journal of Primatology 19 (6): 971-98. d0i:10.1023/A:1020370119096.

Emidio, R. A., & FERREIRA, R. G. (2012). Energetic payoff of tool use for capuchin monkeys in the
Caatinga: variation by season and habitat type. American journal of primatology, 74(4), 332-343.

Felton, A. M., Felton, A., Raubenheimer, D., Simpson, S. J., Foley, W. J., Wood, J. T, ... & Lindenmayer,
D. B. (2009). Protein content of diets dictates the daily energy intake of a free-ranging primate. Behavioral
Ecology, arp021.

Gould, L., Power, M. L., Ellwanger, N., & Rambeloarivony, H. (2011). Feeding behavior and nutrient

intake in spiny forest-dwelling ring-tailed lemurs (Lemur catta) during early gestation and early to mid-

lactation periods: Compensating in a harsh environment. American journal of physical anthropology,
145(3), 469-479.

Hamilton, R. A., & Galdikas, B. M. (1994). A preliminary study of food selection by the orangutan in
relation to plant quality. Primates, 35(3), 255-263.

Hanya, G., Ménard, N., Qarro, M., Tattou, M. 1., Fuse, M., Vallet, D., ... & Wada, K. (2011). Dietary
adaptations of temperate primates: comparisons of Japanese and Barbary macaques. Primates, 52(2), 187-
198.

Hilario, R. R., & Ferrari, S. F. (2011). Why feed on fungi? The nutritional content of sporocarps consumed
by buffy-headed marmosets, Callithrix flaviceps (Primates: Callitrichidae), in southeastern Brazil. Journal
of chemical ecology, 37(2), 145-149.

Houle, A., Conklin-Brittain, N. L., & Wrangham, R. W. (2014). Vertical stratification of the nutritional
value of fruit: Macronutrients and condensed tannins. American journal of primatology.

Hohmann, G., Potts, K., N'Guessan, A., Fowler, A., Mundry, R., Ganzhorn, J. U., & Ortmann, S. (2010).
Plant foods consumed by Pan: exploring the variation of nutritional ecology across Africa. American
Jjournal of physical anthropology, 141(3), 476-485.

Isbell, L. A. and Young, T. P. (2007), Interspecific and temporal variation of ant species within Acacia
drepanolobium ant domatia, a staple food of patas monkeys (Erythrocebus patas) in Laikipia, Kenya. Am.
J. Primatol., 69: 1387-1398. doi: 10.1002/ajp.20444

Johnson, C. A., Raubenheimer, D., Rothman, J. M., Clarke, D., & Swedell, L. (2013). 30 Days in the Life:
Daily Nutrient Balancing in a Wild Chacma Baboon. PloS one, 8(7), €70383



133

Knott, C. D. (1998). Changes in orangutan caloric intake, energy balance, and ketones in response to
fluctuating fruit availability. International Journal of Primatology, 19(6), 1061-1079.

Krishnadas, M., Chandrasekhara, K. and Kumar, A. (2011), The response of the frugivorous lion-tailed
macaque (Macaca silenus) to a period of fruit scarcity. Am. J. Primatol., 73: 1250-1260.
doi: 10.1002/ajp.20997

Leighton, M. (1993). Modeling dietary selectivity by Bornean orangutans: evidence for integration of
multiple criteria in fruit selection. International Journal of Primatology, 14(2), 257-313.

McCabe, Grainne Michelle, and Linda Marie Fedigan. 2007. “Effects of Reproductive Status on Energy
Intake, Ingestion Rates, and Dietary Composition of Female Cebus Capucinus at Santa Rosa, Costa Rica.”
International Journal of Primatology 28 (4): 837-51. d0i:10.1007/s10764-007-9159-z.

McCabe, G. M., Fernandez, D. and Ehardt, C. L. (2013), Ecology of reproduction in Sanje mangabeys
(Cercocebus sanjei): Dietary strategies and energetic condition during a high fruit period. Am. J. Primatol.,
75: 1196-1208. doi: 10.1002/ajp.22182

Norconk, M. A., Wright, B. W., Conklin-Brittain, N. L., & Vinyard, C. J. (2009). Mechanical and
nutritional properties of food as factors in platyrrhine dietary adaptations. In South American Primates (pp.
279-319). Springer New York.

Norscia, I., Ramanamanjato, J. B., & Ganzhorn, J. U. (2012). Feeding patterns and dietary profile of
nocturnal southern woolly lemurs (Avahi meridionalis) in southeast Madagascar. International Journal of
Primatology, 33(1), 150-167.

Riley, E. P., Tolbert, B., & Farida, W. R. (2013). Nutritional content explains the attractiveness of cacao to
crop raiding Tonkean macaques. Zoology, 59(2), 160-169.

Simmen, B., Bayart, F., Marez, A., & Hladik, A. (2007). Diet, nutritional ecology, and birth season of
Eulemur macaco in an anthropogenic forest in Madagascar. International Journal of Primatology, 28(6),
1253-1266.

Smith, A. C. (2000). Composition and proposed nutritional importance of exudates eaten by saddleback
(Saguinus fuscicollis) and mustached (Saguinus mystax) tamarins. /nternational Journal of Primatology,
21(1), 69-83.

Yamashita, N. (2008). Chemical properties of the diets of two lemur species in southwestern Madagascar.
International Journal of Primatology, 29(2), 339-364.



Appendix 1. Data Collection

134

Appendix 1. The data that | used to conduct my analyses *

Species Continent Countries Habitat Arboreal or The three percentages ~ Average meat  Past meat Past average  Seasonal Hunting  Meat
terrestrial taken to receive the percentage percentage meat preference for ~ Strategy ~ Sharing
average 2001-2015 1985-2000 percentage meat eating
1970-1984
Chimpanzees  Africa Senegal Savannah T 1. 0.4% - Fongoli 3% 1.9% - 1.5% - Mt. D C Yes
Mt.Assirik Assirik
2. 8%- average from
Fongoli and
Mt.Assirik
3. 0.8% - Fongoli
Chimpanzees  Africa Tanzania Woodland T 1. Mahale - 7.5% 6% 3% - Gombe 1.2 -Mahale D C Yes
2. Gombe- 6%
3. Gombe- 5%
Chimpanzee Africa Ugandaand TWE T 1. Ngogo - 3.8% 4% 2.9% - Ngogo - w C Yes
Cote 2. Tai —7.5%
d’Ivoire 3. Budongo-1%
Bonobos Africa Dem.Repub. TWE T 1. 0%- Kokolopori 2% 1% - Lilungu  0.08 - D ) Yes
of Congo 2. 3.4% - LuiKotale Lomako
3. 2% -Lomako
Chacma Africa South Woodland T 1. 4% - Southern 5% 4% - 4% - Cape D C Yes
baboons Africa Cape Peninsula Drakensberg Point
2. 8% - Loskopdam
3. 3% - Cape Point
Olive Africa Kenya Savannah T 1. 0.2% - Comoe 2% 1% - Laikipia 2% - Gilgil D C Yes
baboons National Park Kenya
2. 2% - Gilgil
3. 4% - Bole
Olive Africa Uganda Woodland T 1. 3%- Budongo 3% - - D C Yes
baboons 2. 0% - Kibale
3. 0% - Kaininji
Yellow Africa Kenya and Savannah T 1. 0% - Filoha 1% 0.1- 1% - B C Yes
baboons Ethiopia 2.2.5% - Ruaha Amboseli Amboseli

National Park
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Diana
Monkey

L’Hoest
Monkey

Red-tailed
monkey

Blue Monkey

Barbary
Macaque

Vervets

Patas Monkey

Lion-tail
macaques

Africa

Africa

Africa

Africa

Africa

Africa

Africa

Asia

Cote
d’Ivoire and
Ghana

Uganda

Uganda

Uganda

Algeria

South

Africa

Cameroon

India

TWE

TWE

TWE

TWE

Coniferou

S

Savannah

Savannah

TWE

3. 0.1- Amboseli

1. 1.3% — Tai Forest.
2. 0% — Tai Forest
3. 0.6% - Ghana

1. 5% Kalinzu Forest
2. 0% - Kalinzu
Forest

1. 0% - Kibale
2. 0% - Kibale
3. 0 % - Sabaringo

1. 0% -Central High
Atlas Mountains
2.11.6 — Akfadou
3. 12% - Ouzoud

1. Bay -0%

2. 0% - Sour
Lowveld Bushveld
Conservancy

3. 2.7% - Sour
Lowveld Bushveld

1.2.29% - Kala
Maloue Park
2.3.23% -Kala
Maloue National Park
3. 0% Kala Maloue
National Park

1. 0% - Western
Ghats
2. 0.6 — Western
Ghats

0%

6%

0%

8%

1%

2%

0%

0% -Tai
Forest

0% -Nyungwe
Forest

0% - Budongo

0% -
Nyungwe
Forest

0% - Central
High Atlas
Mountains

0.8% - Segera
Ranch

0% - Kala
Maloue
National Park

0% - Western
Ghats

0% - Tai
Forest

0% -
Kakamega
Forest

0% - Kibale

0% - Jbel
Lakraa

0% -
Amboseli
National
Park

0% -
Western
Ghats

No

No

Yes

Yes

No

Yes
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Japanese
macaques

Bonnet
macagques

Northern Pig-
tailed
macaques

Assamese
macaques

Assamese
macaques

Long-tailed
macaques

Asia

Asia

Asia

Asia

Asia

Asia

Japan

India

Thailand
and
Bangladesh

China

Thailand

Indonesia

Coniferou

S

DTF

TWE

DEF

DEF

DEF

_|

3. 0.2%-
Nelliyampathy
Reserve Forest

1. 1% - Yakushima
2. 0.9% — Yakushima
3. 2% - Yakushima

1. 0% - Anamalai
Hills

2. 0% - Western
Ghats

3. 0% - Calicut

1. 1% - Khao Yai
National Park

2.2% - West
Bhangarh Forest

3. 3% - taken from
many forested areas in
India

1. 0% Nong’an
National Nature
Reserve

2. 0% Nong’an
National Reserve
3. 0% - Nong’an
National Reserve

1. 2% - Phu Khieo
National Reserve
2. 0.1% - Phu Khieo

1. 0.6 — Telaga
Warna, Bogor West
Java

2.0.001% -
Padangtegal

3. 0.27 — Mangrove
Forest

1%

0%

2%

0%

1%

1%

7% -
Yakushima

0% -
Marakkanam
Forest

0% - Khao
Yai National
Park

2.0% - Assam

2% -
Kalimantan

0% - D 0
Yakushima

0%- D 0
Mentoko

Research

Centre

- B 0]
0%- Natai D (0]
Lengkuas

Yes

No
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Black-crested
macaques

Tonkean
macaques

Eastern
black-crested
gibbons

Western
black-crested
gibbons

Javan gibbons

Bornean
gibbons

Eastern
hoolock
gibbons

Sumatran
orang-utans

Asia

Indonesia

Asia

Asia

Asia

Asia

Asia

Asia

Indonesia

Indonesia

China

China

Indonesia

Indonesia

China

Indonesia

TWE

TWE

TWE

TWE

TWE

Peatswam

p

Lowland
Karst

TWE

A

1. 0% - Tangkoko
National Reserve

2. 0.2% — Tangkoko
National Reserve

3. 0% - Tangkoko
National Reserve

1. 0% - Lore Lindu
National Park
2.0% - Lore Lindu
National Park

3. 0.4%- Lore Lindu
National Park

1. 0% - Bangliang
2. 0% - Bangliang

1. 0.3 % - Mt.Wuliang
2.0% - Mt.Wuliang
3. 0% Mt.Wuliang

1. 0% -Gunung
Halimun Salak
National Park

2. 0% - Citalahab
3. 0% - Ujung

1. 0% - Sabangau
2. 0% - Barito Ulu
Research Reserve
3. 0% - Sabangau

1. 0% -Gaoligongshan
2.0% -
Gaoligongshan

1. 0.09% - Gunung
Leuser National Park
2. 0.1% - Ketambe

0%

0%

0%

0%

0%

0%

0%

0%

0.0002% —
Tangkoko
National
Reserve

0%- Lore
Lindu
National Park

0% -
Mt.Wuliang

0% - Gunung
Halimun
Salak
National Park

0% -Sabangau

0% -

Lawachra

0% - Ketambe
National
Research

0% - Mt.
Wauliang

0% -
Gunung
Halimun
Salak
National
Park

0% -
Sabangau

0% -
Lawachra

0%- West
Langkat
Reserve

No

No

Yes




138

Bornean
orangutans

White-faced
capuchins

Ka’apor
capuchins

Tufted
capuchins

Bearded
capuchins

Amazonian
squirrel
monkey

Asia

Central
America

South
America

South
America

South
America

South
America

Indonesia

Costa Rica

Brazil

Brazil

Brazil

Brazil

TWE

DEF

TWE

DEF

Woodland

TWE

National Research

Centre

3. 0% - Ketambe
National Research

Centre

1. 0% - Danum Valley

2. 0% - Tuanan

Research Station
3. 0% - Sabangau

1. 3% - Santa Rosa
2 .2% Santa Rosa
3. 2.5% - Lomas

Barbudal

1.0.1% - Para State

1. 8% - Tijuca Forest

2. 0% - Carlos

Botelho State Park

3. 6% - Carlos

Botelho State Park

1. 1.1% - Fazenda

Boa Vista

2.1% - Ribeirao das

Correias

3. 0.56% - Brazil

National Park

1. 0.02% - forest
patch near a village of

Anaheim

2. 0% - forest patch

near village of
Anaheim

3. 0% - forest patch

near village of

0%

3%

0%

5%

1%

0%

Centre

0% - Gunung
National Park

3% - Santa
Rosa

0% - Santa
Ganebra
Reserve

0% - East
Amazonia

0%-
Mentoko
Research
Site

2.5% -
Santa Rosa

1% - La
Macarena
National
Park

0% - Parque
Nacional
Corcovado

Yes

Yes

Yes

Yes

No
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Geoffroy Central
spider America
monkey

Black-faced South
spider America
monkey

White-bellied  South

spider America
monkey

Black lion South
tamarins America

Mustached South
tamarins America

Saddle-back South
tamarins America

Mexico

Bolivia

Colombia

Brazil

Costa Rica

Costa Rica
and Peru

TWE

TWE

TWE

TWE

TWE

TWE

Anaheim
1. 0% Los Tuxtlas 0% 0% - Santa
2. 0% - Refugio de Rosa

Vida Silvestre
3. 0% Punta Laguna

1. 0% - La Chonta 0% 0% -Lago-
Bolivia Caiman
2.0% - La Chonta

3. 0% - La Chonta

1. 0% - Yasuni 0% 0% - Maraca
National Park

2. 0% - Tinigua

National Park

3. 0% - Tinigua

National Park

1. 0.6% - Caestus 1% 3% — Caestus

Ecological Station Ecological
Station

1. 3% - Estacion 2% 3% - Manuas

Biologica Quedbrada Amazonia

Blanco

2. 0% - Estacion
Bioldgica Quebrada
Blanco

3. 2% - Estacion
Bioldgica Quebrada

Blanco

1. 5% - Estacion 3% 1.6 — Manuas
Bioldgica Quebrada Amazonia
Blanco

2. 0% - Forest
fragment in North
Peru

0% - Tikal

0% - Cocha
Cashu,
Manu
National
Park

0% -
Amazon
Basin

1% - Morro
do Diabo
State Park

0% - Rio de
Blanco

0% - Rio di
Blanco
Field Site

Yes

Yes

Yes
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Common
marmosets

Buffy-headed
marmosets

Woolly
monkey

Common
brown lemurs

Collared
brown lemurs

Red ruffed
lemurs

South
America

South
America

South
America

Madagascar

Madagascar

Madagascar

Brazil

Brazil

Costa Rica
and Ecuador

Northwest
Madagascar

Southeast
Madagascar

Northeast
Madagascar

DEF

TWE

DEF

Woodland

DEF

TWE

3. 3.3% - Estacion
Biolégica Quebrada
Blanco

1. 20% - Tijuca Forest
Rio di Janiero

2. 9% -Nisia Floresta
3. 0%- Recife
Pernambuco

1. 0.7 - Augusto
Biological Reserve

2. 0% - Clube de Caca
e Pesca Itorord de
Uberlandia

1. 1% -Tinigua
National Park 1%
2. 0%- Carara
Biological Reserve
3. 0.14%- Yasuni
National Park

1. 0 % - Mayotte
2. 0.7 -Ankarafantsika
National Park

1. 0% - Mandena

2. 0% - Fragment
close to the village of
St.Luce

3. 0% - Madena

1.0% -
Ambatoladama
2. 0% - Masoala
Peninsula

3.0% -

10%

0%

0%

0%

0%

0%

1. 0% -Nisia
Floresta

1.10% -
Estaco
Biologica de
Caratinga

0% - Tinigua
National Park

2% - Berenty
Reserve

0%- Masoala
Peninsula

0% -
Cerradao

0% - River
Caqueta

No

No

No

Yes

No
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Black lemurs

Blue-eyed
black lemurs

Ring-tailed
lemurs

Ring-tailed
lemurs

Madagascar

Madagascar

Madagascar

Madagascar

Northwest
Madagascar

Northern
Madagascar

Southern
Madagascar

Southern
Madagascar

TWE

DEF

Spiny
forest

Gallery
forests

Ambatoledama

1. 0% - Nosey Faly
Peninsula

1. 1% - Ankarafa
Forest
2. 0% - Ankarafa
Forest
3. 0% - Ankarafa
Forest

1. 0% - Berenty
Reserve

1. 0% - Berenty
Reserve

2. 0% - Berenty
Reserve

3. 0%- Beza-
Mahafaly Reserve

0%

0%

0%

0%

0% - Ambato
Massif

0% - Beza
Mahafaly
Reserve

0% - Berenty
Reserve

0%- Berenty - - Yes
Reserve

Appendix 1- TWE= Tropical Wet Evergreen; DTF= Dry Evergreen Forest; C= Cooperative Hunting; O=Opportunistic Hunting; D= Dry Season; B=Both Seasons; T= Terrestrial;
A= Arboreal
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Appendix 2. The academic sources that provided my data
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Species

The three percentages taken to receive the average

Past average meat percentage 1985-2000

Past average meat percentage
1970-1985

Chimpanzees

Chimpanzees

Chimpanzee

Bonobos

Chacma baboons

Olive baboons

Olive baboons

Yellow baboons

Diana Monkey

L’Hoest Monkey

Red-tailed monkey

1.Bogart (2009)
2.Bogart et al. (2011)
3.Pruetz et al. (2006)

1.Matsumoto-Oda (2002)
2.Pruetz et al. (2006)
3.Plummer et al. (2000)
1.Emery-Thompson et al. 2008
2.Fahy et al. (2013)

3.Head et al. (2011)

1.Georgiev et al. (2011)
2.Beaune et al. (2013)
3.Conklin et al. (2001)

1.Van dorn et al. 2010
2.Codron et al. 2006
3.Kamilar et al. (2002)

1. Kunz et al. (2008)
2. Kamilar et al.(2002)
3. Hill et al. (2002)

[EEN

. Okecha et al. (2006)
. Johnson et al. (2012)
3. Adeola et al. (2014)

N

1. Swedell et al. (2007)
. Pochron et al. (2000)
3. Alberts et al. (2005)

N

[EEN

. Buzzard et al. (2006)
. Ekhardt et al. (2003)
3. Curtin (2002)

N

1. Tashiro (2006).
2. Tolo (2008)

1. Chapman et al. 2013
2. Stickler (2004)

1. McGrew et al. (1988)

1. Gombe Research Centre and McGrew (1992) cited In

Stanford (1996)

1.Wrangham et al. (1991)

1. Bermejo et al. (1995)

1. Whiten et al. (1987) cited IN Byrne and Whiten (1991)

1.Barton et al. (1990)

1. Alberts et al. (1996)

1. Watcher et al. (1997)

1. Kaplin (2001

1. Tweheyo and Obua (2001)

1. McGrew et al (1983) cited IN
Pruetz (2006)

1. Takahata et al. 1984) cited IN
Pruetz et al. (2006)

1. Badrian and Badrian (1981)
1. Davidige cited IN Hill and

Dunbar (2002)

1. Harding et al. (1976)

1. Post (1981)

1. Li and Henry (1991)

1. Cords et al. (1986)
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Blue Monkey

Barbary Macaque

Vervets

Patas Monkey

Lion-tail macaques

Japanese macaques

Bonnet macaques

Northern Pig-tailed

macaques

Assamese macaques

Assamese macaques

3. Bektic (2009)

1 .Tesefye et al. (2013)
2. Fairgrieve et al. (2003)

1. El Alami et al. (2012)

2. Hanya et al. (2011)
3. El Alami and Chait
(2012)

1. Tournier and Tournier (2014)

2. Barrett (2005)

3. Pruetz and Isbell (2000)

1. Nakagawa (2003)
. Nakagawa (2000)
3. Nakagawa (2007)

N

[EEN

. Sing et al. (2011)

N

1. Hanya et al. (2004)
. Hanya et al. (2003)
3. Hanya et al. (2011)

N

N -

. Sing et al. (2011)
3. Dileep et al. (2013)

1. Albert et al. (2013)
. Feeroz (2011)
3. Feeroz (2012)

N

[y

. Huang et al. (2014)
. Zhou et al. (2011)
3. Zhou et al. (2014)

N

1. Schulke et al. (2011)

N

. Richter et al. (2014)
3. ly Ne et al. (2004)

. Kumara et al. (2000)
3. Eringey et al. (2014)

. Johnson et al. (2007)

1. Kaplin et al. (1998)

1.Menard et al.. (2002)

1.Pruetz et al. (2000)

1.Nakagawa (1989)

1.Singh et al. (2000)

LHill et al. (1997)

1.Krishnamani (1994)

1.Whitington et al. (1992)

1.Srivastava (1999) IN Richter et al. (2010)

1. Butynski et al. (1990)

1. Melhman et al. (1988)

1.Wrangham and Waterman
(1981)

1.Green et al. (1977)

1. Arushal et al. (1980)

[y

. Lindenburg et al. (1980)

1. Berenstain (1986)
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Long-tailed macaques

Black-crested
macaques

Tonkean macaques

Eastern black-crested
gibbons

Western black-crested

gibbons

Javan gibbons

Bornean gibbons

Eastern hoolock
gibbons

Sumatran orang-utans

Bornean orangutans

White-faced capuchins

N -

N

N -

. Nilaetal. (2014)
. Fuentes et al. (2011)
. Gumert et al. (2012)

. Sumarto et al. (2010)
. Giyarto (2012) cited IN Richter (2014)
. Suprinata et al. (2008)

. Riley et al. (2013)
. Riley et al. (2007)
. Riley (2007)

. Fanetal. (2012)
. Fanetal. (2011)

. Fan et al. (2009)
. Fanetal. (2010)
. Xiao et al. (2009)

. Kim et al. (2010)
. Kimet al. (2012)
. Elder (2009)

. Cheyne (2010)
. McConkey (2003)
. Elder et al. (2009)

. Fan et al. (2013)
. Zeung et al. (2014)

. Hardus et al. (2012)
. Hardus et al.(2009)
. Russon et al. (2009)

. Kanamori et al. (2010)
. Vogel et al. (2009)
. Harrison et al. (2010)

. MacKinnon et al. (2004)

. Pers. Communication from Rose and extrapolated

1. Wheatly et al. (1996)

1.0’Brien et al. (1997)

1.Pombo et al. (2004)

1. Lan (1993)

1. Malone et al. (2007)

1. McConkey (2002)

1. Islam (1992)

1. Ungar (1995)

1. Knott (1998)

1. Rose (1994)

[y

. Yeager et al. (1996)

[y

. Richard et al. (1989)

[y

. Richard et al. (1989)

1. Haimoff et al. (1987)

[y

. Kappelar et al. (1984)

1. Rodman et al. (1978) IN Sailer
et al. (1985)

1. Tilson et al. (1979)

1. MacKinnon (1974) cited IN
Wheatly (1982)

1. Leighton (1993)

1. Chapman and Rose (1990)
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Ka’apor capuchins

Tufted capuchins

Bearded capuchins

Amazonian squirrel
monkey

Geoffroy spider
monkey

Black-faced spider
monkey

White-bellied spider
monkey

Black lion tamarins

Mustached tamarins

Saddle-back tamarins

Common marmosets

IN Watts et al. (2005)

1

1.

. de Oliveira et al. (2014)

. Cunha et al. (2006)
. Izar et al. (2004)
. lzar et al. (2012)

. Verdane et al. (2013)
. Frietas et al. (2008)
. Sabbatini et al. (2008)

. Lima et al. (2002)- just divided from obs.
. Stone et al. (2007)
. Stone et al. (2008)

Garcia-Ordun (2002) in Gonzalez-Zamora et al.

(2009)

2

WN PP W

1.
. Stevenson and Link. (2010)
. Link et al. (2006)

N

1.

1.

2

1

. Hernandez and Stone (2005)

. Ramos Fernandez et al. (2003)
. Felton and Felton (2010)

. Felton and Felton et al. (2009)
. Felton et al. (2008)

Suarez et al. (2006)

Keuroghlian and Passos (2001)

Nadjafzadeh et al. (2008)

. Culot et al. (2010)
3.

Kupsch et al. (2014)

. Nadjafzadeh et al. (2008)

2.Porter et al. (2013)

3.

1.
2.
3.

Kupsch et al. (2014)

Cunha et al. (2006)
Digby (2011) —unpublished data
Schiel et al. (2010)

. Galetti (1994)

. Souza (1997)

. Chapman (1988)

. Wallace (2005)

. Nunes (1998)

. Passos (1999) IN Kleiman and Rylands (2002)

. Peres (1993)

. Peres (1993)

. Castro and Araujo (2006)

1. 1zar (1978) cited IN Fragaszy

(2004)

1. Boinski (1987)

1. Cant (1990)

1. White (1986)

1. 1zawa (1975)

1. Valladares-Padua (1993) cited
IN Kleiman and Rylands (2002)
Garber (1988)

1. Garber (1988)

1. De Fonesca et al. (1984)
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Buffy-headed
marmosets
Woolly monkey

Common brown lemurs

Collared brown lemurs

Red ruffed lemurs

Black lemurs

Blue-eyed black lemurs

Ring-tailed lemurs

Ring-tailed lemurs

1. Hilario et al. (2010)
2. Vilelaetal. (2011)

1.Stevenson et al. (2006)

2. Stevenson and Gonzalez (2014)
3.DiFiore (2004)

1. Tarnaud et al. (2004)

2. Sato et al. (2014)

1. Donati et al. (2011)
2. Donati et al. (2007)
3. Serra et al. (2012)

1.Martinez et al. (2010)

2. Dutton et al. (2008)

3. Martinez and Razafindratsima (2014)
1. Simmen et al.2007

1. Valempelo et al. (2013)

2. Valempelo et al. (2011)

3. Schwitzer et al. (2007)

1. Gould et al. (2011)

1. Yamashita et al. (2008)
2. Simmen et al. (2006)

1. Ferrari (1988)

1. Peres (1994)

1. Simmen et al. (2003)

1.Vasey (2000)

1.Coloquhoun (1993)

1.Yamashita (2002)

1.Simmen et al. (2003)

[y

[y

. Izawa (1975)

. Pinkus et al. (2006)
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Appendix 3. Comparison of the daily path length of some arboreal and terrestrial

omni-frugivores in my sample and meat intake

Species Continent, Arboreal/Terrestrial* Daily Path Meat Source

Country Length Percentage

(DPL)

Chacma baboons Cape Peninsula, | Terrestrial 4.67 km 4% Hoffman and
(Papio ursinus) South Africa O’Riain, 2011
Chimpanzees Kibale National | Terrestrial 5 km 3.8% Chapman and
(Pan troglodytes) | Park, Uganda, Chapman,

Africa 2000
Chimpanzees Tai Forest, Terrestrial 2.4 km 7.5% Doran, 1996

Cote d’Ivoire,

Africa
Diana monkeys Tai Forest, Arboreal 1.125 km 1.06% Buzzard, 2006
(Cercopithecus Cote d’Ivoire,
diana) Africa
Red-tailed Kibale National | Arboreal 1.111 km 0% Stickler, 2004
monkeys Park, Uganda,
(Cercopithecus Africa
ascanius)
L’hoest monkeys | Kibale National | Terrestrial 2.092 km 2.5% Buzzard, 2006
(Cercopithecus Park, Uganda,
l’hoesti) Africa
Yellow baboons
(Papio Issa, Tanzania Terrestrial 4.7 km 1% Johnson et al.
cyncephalus) 2015
Assamese
macaques Phu Khieo Arboreal 0.604 km 1% Richter et al.
(Macaca National 2015
assamensis) Reserve,

Thailand
Japanese Northern Alps, Terrestrial 2.0 km 2% Izumiyama et
macaques Japan al. 2003
(Macaca fuscata)

Ankarafa

Forest,
Blue-eyed black Madagascar 0.645 km 0% Volampeno et
lemur (Eulemur Arboreal al. 2011
flavifrons) Masoala

Peninsula,

Madagascar
Red-ruffed lemurs Arboreal 0.1279 km 0% Rigamonti et
(Varecia Punta Laguna, al. (1993)
variegata rubra) Mexico
Geoffroy’s spider Ramos-
monkey (Ateles Arboreal 0.1182 km 0% Fernandez et
geoffroyi) al. 2003




Appendix 4. Protein Content of Plants Data Collection
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Species Location Habitat Protein Content of plants Source
ingested
Bonobos Solanga Park, Central Africa Savannah 6 Hohmann et al. (2012)
Chimpanzees Kibale National Park, Uganda, = Wet Evergreen 7.1 Houle et al. (2014)
Africa
Chimpanzees Gashaka, Nigeria, Africa Woodland 8 Hohmann et al. (2010)
Bonobos Lui Kotale, Central Africa Wet Evergreen 9.3 Beaune et al. (2013)
Chacma baboons Cape Peninsula, South Africa Savannah 11.08 Johnson et al. (2013)
Olive baboons Lakipeia, Uganda, Africa Savannah 12.9 Barton and Whiten (1994)
Olive baboons Kainji, Nigeria, Africa Woodland 8.75 Adeola et al. (2014
Yellow baboons Africa Lakipeia, South Africa Savannah 5.35 Macho (2014)
Diana monkeys Tai National Park Cote Wet Evergreen 9.5 Hohmann et al. (2010)
d'lvoire
L’hoest monkeys Udzungwa Mountains, Wet Evergreen 6.24 McCabe et al. (2013)
Tanzania, Africa
Red-tailed guenons Kibale National Park, Uganda, = Wet Evergreen 17.6 Conklin-Brittain et al. (1998)
Africa
Blue monkeys Kibale National Park, Uganda, = Wet Evergreen 17.6 Conklin-Brittain et al. (1998)
Africa
Barbary macaques Kinzazan, North Africa Deciduous Forest 9 Hanya et al. (2011)
Vervet monkeys Laikapia, Kenya, Africa Savannah 2.1 Isbell et al. (2013)
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Patas monkeys

Liontail macaques

Japanese macques

Northern pig-tailed macaques
Black-crested macaques
Tonkean macaques

Sumatran orang-utans
Bornean orang-utans

White-faced capuchins

Tufted capuchins

Tufted capuchins

Geoftroy’s spider monkey
White-bellied spider monkey
Mustached tamarins
Saddle-back tamarins
Common marmosets
Buffy-headed marmosets
Wolly monkey

Common brown lemurs

Collared lemur

Laikapia, Kenya, Africa
Kerala, India
Yakushima, Japan

Kon Ka Kinh, Vietnam
Sulawesi, Indonesia
Sulawesi, Indonesia
Sumatra, Indonesia
Borneo, Indonesia

Santa Rosa, Costa Rica, South
America

Suriname, South America
Caatina, South America
Mexico, Central America
Bolivia, South America
Peru, South America

Peru, South America
Venuzuala, South America
Brazil, South America
Preu, South America
northwestern Madagascar

Saint Luce, southeast
Madagascar

Savannah

Wet Evergreen
Coniferous
Wet Evergreen
Tropical Forest
Tropical Forest
Tropical Forest
Tropical Forest

Dry Forests

Dry Forest
Woodland
Tropical Forest
Tropical Forest
Tropical Forest
Tropical Forest
Dry Forests
Tropical Forest
Dry Forests
Scrub

Littoral Forest

21

5.8

11

114

5.39

15.2

9.64

14.6

18

18

12.35

24

11.7

11.7

27

22.6

8.45

6.65

6.5

Isbell et al. (2013)
Krishnadas et al. (2011)
Hanya et al. (2011)
Tinh et al. (2012)

Riley et al. (2013)
Riley et al. (2013)
Hamilton et al. (1994)
Knott et al. (1998)

McCabe et al. (2007)

Boinski et al. (2000)
Emidio et al. (2012)
Ganzhorn et al. (2009)
Felton et al. (2009)
Smith et al. (2000)
Smith et al. (2000)
Norconk et al. (2009)
Hilario et al. (2011)
Norconk et al. (2009)
Sato et al. (2014)

Donati et al., (2007)




Blue-eyed black lemur

Ring-tailed lemurs

Ring-tailed lemurs

Nosy Faly Peninsula,
norwestern Madagascar

Berenty Reserve, southern
Madagascar

Beza Mahafaly, southwestern
Madagascar

Tropical Forest

Spiny

Gallery

10.09

20.72

15.6

Simmen et al., (2007)

Gould et al. (2011)

Yamashita (2008)

150
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Appendix 5. Survey Questionairre Template
* Survey was used but an inadequate number of responses were received to include in the main thesis.

Sample Survey Questionnaire
A cross-comparative analysis, across continents, of meat
consumption in omnivorous-frugivorous primates

Emma Blinkhorn
Abstract

The survey below contains questions about the predation of large invertebrates and vertebrates by
omnivorous-frugivorous primates. Non-human primates do not characteristically include large proportions
of large invertebrates and vertebrates in their diet. The aim of my research is to evaluate if the percentage
of meat in the diets of omni-frugivores has increased in the twenty-first century. My secondary objective is
to assess if this is correlated with anthropogenic deforestation. Subsequently, the purpose of this survey is
to determine if primatologists are observing increased predation by the primates at research sites.

Disclaimer and Privacy Policy

Access to your information: This survey will be conducted through the Canadian program FluidSurveys
and the data will be stored in a Canadian server. Since this survey is anonymous your private information
will remain confidential and not shared with the primary investigator (EB) or others. However,
FluidSurveys recently partnered with the American program SurveyMonkey as of July 14, 2014. Thus,
even though the data is stored in a Canadian server, the responses you give in the survey might be accessed
via the U.S Patriot Act.

Anonymity: The survey will be anonymous and | will not be able to connect your responses to others. You
do not need to give out any personal information while answering the questions or leave your name.
Future Use: The primary researcher (Emma Blinkhorn) might revisit the question raised in this study (has
the percentage of meat in the diets of omni-frugivores increased?). As such, the responses collected in this
survey might be used in the future.

Right to withdraw: Please note that you have a right to withdraw from this study at any time and can
request to have your answers removed.

Voluntary participation: You have a right to answer the questions of your choosing and can leave some
answers blank.

If you are agreeable to the possibility that the U.S government might access your responses and consent to
future use of this survey, please sign the consent form below before you complete the survey.

Consent Form

(1) Please be advised that this research study includes data storage in the U.S.A. As such, there is a
possibility that your responses gathered for this research study may be accessed without your knowledge or
consent by the U.S. government in compliance with the U.S. Patriot Act. University of Victoria Ethics
Committee.

Statement of Consent: | agree with this disclaimer and have been advised that my responses for this

research study could be accessed in the future by the U.S government without my consent.

(2) Please be advised that the responses that you give in this survey might be used in the future by the
primary investigator (Emma Blinkhorn)
Top of Form

Statement of Consent: I have read the above disclaimer and understand that the responses that I give in this

survey might be used in the future by the primary investigator (Emma Blinkhorn)
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Part 1.

1.1 Definitions of terms used in this survey:

Large invertebrates: animals such as mollusks, crabs and millipedes (McGrew, 2014).
Vertebrates: small to medium sized mammals, reptiles, amphibians and birds (McGrew,
2014)

Cooperative Hunting: A series of individuals that work together to catch prey that has
been sighted (Strum 2012): 17

Meat Sharing: The hunter shares meat with an individual who did not catch the prey
(Hohmann 2009):9.

Opportunistic Hunting: The spontaneous consumption of live prey by a hunter with no
systematic strategy for hunting it (Mitani et al. (2001): 917.

1.2 Please state which primate species you study and the site where you conduct
your research:
1. Primate species (please state all the primate species that you study if applicable):

2. Please state your research site (s):

Part 2.

The following questions are applicable if your research is longitudinal and contains
data prior to the year 2000. If your research does not include data that was collected
at any point from 1970 to 1985 then please forgo questions 3, 4 and 5.

1. In the years spanning 2001-2015 have you noticed

i. No large invertebrate and vertebrate predation by the primates that you research.
ii. Less than five sightings of large invertebrate and vertebrate predation by the
primates that you research.

iii. Five sightings of large invertebrate and vertebrate predation by the primates that
you research.

iv. Ten or more sightings of large invertebrate and vertebrate predation by the
primates that you research.

2. If you have noticed ten or more sightings of large invertebrate and vertebrate predation
at the site where you conduct your research, please specify an approximate number if
possible:

3. In the years spanning from 1985-2000 did you notice:
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I. No large invertebrate and vertebrate predation by the primates that you research.

. Less than five sightings of large invertebrate and vertebrate predation by the
primates that you research.

iii. Five sightings of large invertebrate and vertebrate predation by the primates that
you research.

iv. Ten or more sightings of vertebrate predation by the primates that you research.
4. Is the data that you collected in the periods of 2001-2015 and 1985-2000 from the
same research site?

i. Yes
ii. No

5. In the years spanning from 1970-1985 was there:
i. No large invertebrate and vertebrate predation by the primates that you research.

ii. Less than five sightings of large invertebrate and vertebrate predation by the
primates that you research.

iii. Five sightings of large invertebrate and vertebrate predation by the primates that
you research.

iv. Ten or more sightings of large invertebrate and vertebrate predation by the
primates that you research.
6. Throughout the course of your research, has the type of large invertebrate and
vertebrate prey that the primates exploit changed over time?

i. Yes.

ii. No.
7. If willing, please state the species of large invertebrate and vertebrate prey the primates
in question have changed too as well as when this occurred.

8. In which season does your sightings of large invertebrate and vertebrate exploitation
occur most often?

i. Dry seasons

ii. Wet seasons

iii. The primate species that | research have no pattern when consuming large
invertebrates and vertebrates. They consume them equally in both seasons
opportunistically.

Part 3.
The next portion of this survey is applicable to current short-term studies that have
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a research period of five years or less, in addition to a publication date after the year
2000.
1. During the course of your research did you notice:

i. No predation events by the primates that you research.

ii. Less than five predation events by the primates that you research.
iii. Five — ten predation events by the primates that you research.
iiii. Over ten predation events by the primates that you research.

2. If over ten predation events please specify the number

3. During which season did these predation events occur most frequently?

I. The predation events occurred in dry seasons.
ii. The predation events occurred in wet seasons.
Iii. The predation events occurred in both wet and dry seasons.

4. Do the primate species that you study reside in a fragmented forest?

I. Yes
ii. No
5. Did you happen to notice if the hunters were primarily males or females?

I. The hunters were primarily males
ii. The hunters were primarily females
iii. There was no difference in the sex of the hunters because both hunted equally
iv. I did not notice the sex of the hunters
6. What mode of hunting did the primates use to capture their prey?

I. Opportunistic hunting
ii. Cooperative hunting

7. Did the primates share their meat?
i. Yes, meat sharing occurred
ii. Meat sharing did not occur

If you answered yes to question 7, please answer question 8.
8. Did the meat sharing occur only with kin members or did meat sharing occur with
other individuals in the group?

i. Meat sharing only occurred with kin members (i.e infants)

ii. Meat sharing occurred with other troop members

iii. Meat sharing occurred with both kin members and other troop members
9. Did any juveniles hunt the large invertebrates and invertebrates?
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I. Yes the juveniles exploited prey
ii. No the juveniles were not interested in exploiting any prey items

Survey complete. Thank-you for your time and insight.
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Species studied
by participant

Diet No Predation > 5 predation 5-10 predation 10> Fragmented
1970-2015 events events predation Forest
1970-2015 1970-2015 events
1970-2015

Seasonal
preference for
hunting meat

Sex difference
in hunters

Hunting
Strategy

Meat
Sharing

Meat
Sharing
with kin or
troop

Did juveniles
hunt?

Gorillas (Gorilla
beringei)

Olive baboons
(Papio anubis)

Long-tailed
macaque (Macaca
fascicularis)

Ebony langur
(Trachypithecus
auratus)

Nepal gray langur
(Semnopithecus
schistaceus)

Phayre's leaf
monkey
(Trachypithecus
phayrei
crepusculus)

Bearded
capuchins
(Sapajus
libidinosus)

White-faced
capuchins (Cebus
capuchinus)

Central American
squirrel monkey
(Saimiri oerstedii)

Howler monkey
(Alouatta palliate)

Fl Yes - - - -

O - - Yes - No

0O Yes - - - No

Fl - Yes - - No

Fl Yes - - - No

Fl Yes - - - No

0 - - Yes - Yes

O - - - Yes Yes

FR Yes - - - Yes

FR Yes - - - -

Wet and Dry

Dry

Wet and Dry

Wet and Dry

No

No

No

No

OPP

OPP

OPP

OPP

Yes

No

Yes

No

Kin and
troop
members

Kin and
troop
members

Neither

Yes

Yes

Yes

** EL = Folivorous, O= Omnivorous, FR= Frugivorous, OPP= Opportunistic Hunting




Appendix 7. Conservation Status of Omni-frugivores **

Species Status IUCN Red List Database
Chimpanzees Endangered http://www.iucnredlist.org/details/15933/0
Bonobos Endangeredg http://www.iucnredlist.org/details/15932/0

Chacma baboons

Olive baboons

Yellow baboons

Diana Monkey

L’Hoest Monkey

Red-tailed monkey

Blue Monkey

Barbary Macaque

Vervets

Patas Monkey

Lion-tail macaques
Japanese macaques

Bonnet macaques

Northern Pig-tailed macaques
Assamese macaque
Long-tailed macaques
Black-crested macaques
Tonkean macaques

Eastern black-crested gibbon
Western black-crested gibbon
Javan gibbon

Bornean gibbon

Eastern hoolock gibbon
Sumatran orang-utans
Bornean orang-utans
White-faced capuchins
Ka’apor capuchins

Tufted capuchins

Least Concern

Least Concern

Least Concern
Vulnerable
Vulnerable

Least Concern

Least Concern
Endangered

Least Concern

Least Concern
Endangered

Least Concern

Least Concern
Vulnerable

Near Threatened
Least Concern
Critically Endangered
Vulnerable

Critically Endangered
Critically Endangered
Endangered
Endangered
Vulnerable
Endangered
Endangered

Least Concern
Critically Endangered
Near Threatened

http://www.iucnredlist.org/details/16022/0
http://www.iucnredlist.org/details/40647/0
http://wwwe.iucnredlist.org/details/16021/0
http://www.iucnredlist.org/details/4215/0
http://www.iucnredlist.org/details/4220/0
http://www.iucnredlist.org/details/4212/0
http://www.iucnredlist.org/details/4221/0
http://www.iucnredlist.org/details/12561/0
http://www.iucnredlist.org/details/136271/0
http://www.iucnredlist.org/details/8073/0
http://www.iucnredlist.org/details/12559/0
http://www.iucnredlist.org/details/12552/0
http://www.iucnredlist.org/details/12558/0
http://www.iucnredlist.org/details/39792/0
http://www.iucnredlist.org/details/12549/0
http://www.iucnredlist.org/details/12551/0
http://www.iucnredlist.org/details/12556/0
http://www.iucnredlist.org/details/12563/0
http://www.iucnredlist.org/details/41642/0
http://www.iucnredlist.org/details/39775/0
http://www.iucnredlist.org/details/10550/0
http://www.iucnredlist.org/details/10551/0
http://www.iucnredlist.org/details/39877/0
http://www.iucnredlist.org/details/39780/0
http://www.iucnredlist.org/details/17975/0
http://www.iucnredlist.org/details/43934/0
http://www.iucnredlist.org/details/40019/0
http://www.iucnredlist.org/details/136717/0




Bearded capuchins
Amazonian squirrel monkey
Geoffroy spider monkey
Black-faced spider monkey
White-bellied spider monkey
Black lion tamarins
Mustached tamarins
Saddle-back tamarins
Common marmosets
Buffy-headed marmosets
Woolly monkey

Common brown lemurs
Collared brown lemurs

Red ruffed lemurs

Black lemurs

Blue-eyed black lemurs
Ring-tailed lemurs

Least Concern

Least Concern
Endangered
Endangered
Endangered
Endangered

Least Concern

Least Concern

Least Concern
Endangered
Vulnerable

Near Threatened
Endangered
Critically Endangered
Vulnerable

Critically Endangered
Endangered

http://www.iucnredlist.org/details/136346/0
http://www.iucnredlist.org/details/41537/0
http://www.iucnredlist.org/details/2279/0
http://www.iucnredlist.org/details/41547/0
http://www.iucnredlist.org/details/2276/0
http://www.iucnredlist.org/details/11505/0
http://www.iucnredlist.org/details/41526/0
http://wwwe.iucnredlist.org/details/39947/0
http://www.iucnredlist.org/details/41518/0
http://www.iucnredlist.org/details/3571/0
http://www.iucnredlist.org/details/11175/0
http://www.iucnredlist.org/details/8207/0
http://www.iucnredlist.org/details/8206/0
http://wwwe.iucnredlist.org/details/22920/0
http://www.iucnredlist.org/details/8212/0
http://www.iucnredlist.org/details/8211/0
http://www.iucnredlist.org/details/11496/0
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** The conservation status of my sampled species as categorized by the IUCN Red List. Here are the definitions of the categories provided by

the IUCN Red List (http://jr.iucnredlist.org/documents/redlist cats crit_en.pdf).

1. Least Concern: the populations are at healthy levels (IUCN Red List: categories and critieria. http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf).

2. Vulnerable: “An observed, estimated, inferred or suspected population size reduction of 250% over the last 10 years or three generations, whichever is the

longer, where the causes of the reduction are clearly reversible AND understood AND ceased.” (IUCN Red List: categories and critieria, pp. 20.

http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf).
3. Endangered: “An observed, estimated, inferred or suspected population size reduction of 270% over the last 10 years or three generations, whichever is the

longer, where the causes of the reduction are clearly reversible AND understood AND ceased.” (IUCN Red List: categories and critieria, pp. 17.

http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf).

4. Critically Endangered: “An observed, estimated, inferred or suspected population size reduction of 290% over the last 10 years or three generations,

whichever is the longer, where the causes of the reduction are clearly reversible AND understood AND ceased.” (IUCN Red List: categories and critieria, pp. 16.
http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf).


http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf
http://jr.iucnredlist.org/documents/redlist_cats_crit_en.pdf
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