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CHAPTER |

INTRODUCTION

Primates exhibit a wide diversity of feeding stgas that are inherently linked to
phenotypic differences that allow species to exfgome resources (i.e. fruits, leaves,
insects) more efficiently (Anapol and Lee 1994heRotypic variation may also lead to
differential feeding strategies among conspeciiiagostini and Visalberghi 2005).
Differences in body size associated with sex or@gss as well as differences in
foraging experience associated with ontogeny anmenoonly cited as factors that may
lead to within-species dietary variation (CluttoreBk 1977, Janson and van Schaik
1993, Tarnaud 2004, Agostini and Visalberghi 2008)ariation in feeding ecology
among primates may be important for establishirmgigrsize and home range size as
well as the number of individuals that can stalag»ast in an ecosystem (Svanback and
Bolnick 2007).

The acquisition of juvenile foraging skills recgnitlas received significant
attention as juvenile’s often experience high nliiytaates associated with starvation
(e.g. Janson and van Schaik 1993, Fragaszy andiBdifi95, Gunst et al. 2008). Thus,
any adaptations that improve a juvenile’s abiliyatquire food may be particularly
important from an evolutionary perspective. Phgpiatvariation between juveniles and
adults may lead juveniles to adopt unique feediragegyies both to emphasize those

resources best exploited by the juvenile phenotyptbas a means to reduce competition



for resources with adults. Many studies have $eduwon the acquisition of foraging
skills among juveniles and thus, emphasized thawelal aspect of within-species
dietary variation (e.g. Harrison 1983, Fragaszy Boohski 1995, 1997, Taurnaud 2004).
Comparatively fewer studies have investigated hawptmological limitations affect
juveniles foraging ability (but see Gunst et al00 In particular, the physical and
mechanical properties of foods may limit the researjuveniles can potentially
consume. This may be a particularly importantdact species that routinely target
mechanically challenging foods, such as the pithsciln this study | investigate
differences in feeding strategies between adultavehile white-faced saki$’{thecia
pithecia), and also address the role of physical and mecalgoroperties of foods in
contributing to dietary variation.
Resource Partitioning

Schoener (1971) suggested that in order to coesqsties must vary in their use
of resources in at least one niche dimension. dikision of resources among species in
a community is commonly referred to as resourcétfmaring. Schoener (1974)
proposed three major dimensions by which specidgipa resources in decreasing order
of importance: habitat, food type, and time, whaaigtitioning can occur along one or
more of these dimensions. Resource partitioningdiyjtat refers to differences in
resource utilization by space including differenresither macrohabitat (e.g., vegetation
zone) or microhabitat (e.g., forest strata). Barting by food type can be the differential
use of food species, food chemistry, the physiodirmechanical properties of food

items, or differences in dietary diversity. Tempaesource partitioning is usually



studied in terms of how animals differ in their usdnabitat and food type on a daily or
annual basis (Schoener 1974; 1986). In many casasgnal shifts in food availability or
distribution lead to differences in resource usagesre species overlap significantly in
food type or food species when food is abundaritublize different resources when
food is scarce to avoid the effects of overexptmta(Schoener 1986, Overdorff 1993,
Vasey 2000, 2002).

Resource partitioning is usually studied betweangtric species that share
some similarity in feeding strategy (Schoener 198@h the intent of understanding the
limitations that competition places on the numdespecies that can stably coexist in an
ecosystem (Schoener 1971). Resource partitiosisgmetimes considered an
evolutionary response to competition where speatgeglop phenotypic and behavioral
differences that allow them to exploit differensoerces (Walter 1991). In other
instances, the term is simply applied to the déifeial use of resources among species,
regardless of the origin of those differences oethbr the differences are indicative of
competitive interactions (Walter 1991).

Many studies of resource partitioning have treatetnbers of the same species
as ecologically equivalent, generally ignoring aeiation that exists among individuals
within a species. This is only appropriate if @inon among conspecifics is limited or
has little effect on their ability to exploit regoes (Bolnick et al. 2003). Many times,
individuals or groups of similar individuals withanspecies (i.e. sex classes, age classes,
morphotypes) exhibit more phenotypic or behavigeaalation than equivalent members

(i.e. same sex, same developmental stage) of gloslated species. Thus, the same



principles that favor interspecific resource paniing may also apply at thatraspecific
level (Polis 1984). Polis (1984) refers to subgoaf phenotypically similar individuals
as “ecological species” because they partitionuess similarly to separate species.
Although intraspecific resource partitioning mayaproduct of phenotypic variation
within a species, it is thought that sometimes r@iselection maintains intraspecific
variation to reduce competition among conspecif®snback and Bolnick 2007).

Among primates, resource partitioning has been dsinated along each of the
major niche dimensions including microhabitat usg@gg. Overdorff 1993, 1996, Vasey
2000; Grassi 2002), food type (e.g. Gautier-Hio80,9asey 2000; dietary diversity,
Fragaszy and Boinski 1995, Grassi 2002; chemicgqaties, Ganzhorn 1988,1989,
Yamashita 2008; morphological characters, Gautiertét al 1985; mechanical
properties, Kinzey and Norconk 1990, Yamashita 19968), and temporal separation
(e.g. Vasey 2000, 2002, Chapman 1987, Gautier-#880, Overdorff 1993).
Comparatively fewer studies have investigated nesopartitioning within primate
species, although this factor may be considerabportant (but see Gautier-Hion 1980,
Vasey 2002, Grassi 2002). In a noteworthy studéfatan forest monkeys, Gautier-
Hion (1980) found that intraspecific sex differesde diet sometimes exceeded
interspecific differences. In this case, sex @assithin a species fit Polis’s (1984)
definition of ecological species.
Source of dietary variation

The relationship between an animal’s feeding edficy and reproductive fitness

is well established (Schoener 1971; 1974; 1986]i64979). Failure to feed efficiently



can delay sexual maturity, reduce fertility, rediitter size, lower ovulation rates,
shorten breeding seasons, cause lactational faildesnales, and reduce sperm count,
sperm motility, and success in competitive intecas in males (Gaulin, 1979, Janson
and van Schaik 1989). Individuals that feed méstiently grow the quickest; are least
affected by predation, parasites, or starvatiod;@oduce the most offspring. Thus,
animals that feed most efficiently have the higlfiéséss and natural selection shapes
feeding strategies to optimize feeding efficiency.

Models of foraging theory predict that animals dbdarget food items that yield
the most energy per unit foraging time (Schoen@liGaulin 1979). A food item’s
energetic value can be roughly approximated wighftiilowing equation developed by
Schoener (1971):

e = potential energy- pusuit cost- handimgl eating costs

t; pursuit time+ handling andirgtime

whereg/t; is an index of net energy yield per unit time ifems of typa (Gaulin 1979).
Different food items offer different net energy lgig such that they can be effectively
ranked by energy value. An individual can optimisgeeding efficiency by consuming
foods with the highest net energy yield and av@dhose with the lowest. However, if
an animal cannot acquire sufficient energy fromhigihest ranked food items, it should
increase its consumption of lower ranked food iteimd it meets its metabolic
requirements (Gaulin 1979).

An individual's feeding strategy reflects a compieteraction between intrinsic
(e.g., phenotype: morphology, physiology, behavémn extrinsic factors (e.g.,

environmental factors: resource characteristicsypmdition, social relationships, and



predation) that affect the relative value of foteims (Oates 1987, Bolnick et al 2003,
Lambert 2007). Food items may vary in relativareahmong individuals with respect to
the unique set of interactions between phenotydesanironment. Thus, for every
individual there exists a unique feeding stratdwt thaximizes feeding efficiency
(Bolnick et al. 2003) and natural selection shggemnotypes to cope with the
environmental factors to improve feeding efficiemmeya particular set of resources.
Svanback and Bolnick (2005: 996) suggest that apeation on a particular set of
resources “...occurs when individuals have diffegttmal diets due to variation in
search, handling, or digestive abilities.” The sgrhenotype-environmental correlation
that leads to interspecific differences in dieatggy may also lead to differential feeding
strategies among conspecifics. Differences in gy among conspecifics (Calder
1983, Werner and Gilliam 1984, Ford and Davis 198&rroig and Cheverud 2005) and
intraspecific competition (Clutton-Brock 1977, Jansod &an Schaik 1989, Field et al
2005, Svanback and Bolnick 2005) are commonly atundamental factors that lead
to different feeding strategies within a species.
Body Sze

Body size is a fundamental factor shaping an arsnfie¢ding strategy as it has a
predominant influence on an the animal’s energefijcirements, potential to exploit
resources, and susceptibility to enemies (Cald88,1®/erner and Gilliam 1984, Ford
and Davis 1992). The scaling relationship betwesady size and metabolism is
fundamental in determining energetic requirementslkay extension, shaping an

animal’s feeding strategy (i.e. the Jarman/Behgple, Gaulin 1979, Ford and Davis



1992). The Jarman/Bell principle is best underdtop considering basic geometric
relationships between surface and volume. Theserrea of an object increases to the
2/3 power of volume such that smaller objects halagively more surface area per unit
volume than do larger objects (Gould 1966). Imais, surface-to-volume ratios are an
important factor affecting heat loss, where small@mals have a higher surface area per
unit body mass so that they expel heat more rapindlg large animals. Consequently,
smaller animals usually have higher metabolic rdtas do larger animals, and must
adapt feeding strategies accordingly. Age or $&sses within a species often exhibit
similar or more variation in body size than equévdlmembers (i.e. same sex or
developmental stage) of different species (Pol&41%Verner and Gilliam 1984). As a
result, groups of individuals within a species radppt unique dietary strategies to cope
with the unique physiological opportunities and stoaints that result.

Larger conspecifics may be able to access somenasunavailable to small
individuals simply because they are stronger. eéxample, adult male primates may be
able to consume tougher fruits than immature pesé@ecause they have greater jaw
strength that allows them to overcome the mechhallenges of those food items
(Janson and van Schaik 1993). Conversely, smatl@ériduals may experience some
foraging advantages in that their body size alltvesn to utilize resources insufficient
for larger animals, or simply unavailable to largaimals. For example, among brown
capuchins, juveniles and subadults can hang by fiseti beneath palm fronds to search
for insects, while adult body size increases thenck of breaking the fronds and falling

(Janson and van Schaik 1993).



Competition

Competitors are often considered one of the mogbrtant extrinsic factors
shaping an animal’s feeding strategy. Competitarsbe any individuals that share
common resources including members of other spesiegell as conspecifics (Schluter
2000). As the number of individuals sharing a canmesource increases, the rate of
resource depletion also increases. Thus, théesssavailable to each individual such
that they are forced to include less valuable itemtkeir diets (Schoener 1971; Gaulin
1979). If individuals must consume less valuabkources, they may have less energy
available to allocate to reproduction and are ntikedy to succumb to starvation. Thus,
any adaptations that reduce competition should hasedective advantage (Field et al.
2005).

Janson and van Schaik (1989) suggest that intrdispeampetition may be more
intense than interspecific competition. In thiseat would be highly advantageous for
conspecifics to adopt different feeding strategiegvoid competition and avoid the
potential to overexploit resources. Conspecifies mt times capitalize on phenotypic
variation (e.g. body size) that allows them to erpdifferent resources than others. This
may be particularly important for smaller individsighat are most likely to be
competitively excluded. In primates, there ismarerse relationship between the amount
of aggressive competition a juvenile receives amtikelihood of surviving to adulthood
(Janson and van Schaik 1993). Thus, any altesatma juvenile feeding strategy that
reduce competition with adults should have a seleedvantage.

Resour ce Partitioning by mechanical properties



Many studies suggest that the physical and mechigmioperties of food items
may provide a mechanism for resource partitioneng.(Gautier-Hion 1985, Kinzey, and
Norconk 1990, 1993, Kinzey 1992, Rosenberger 198Mashital996, 1998, Lucas et
al. 2000, Norconk et al. in press A). Generaltg physical properties of foods refer to
the external factors including size, shape, rougbm¢éc. The mechanical properties of
foods are the internal properties that resist liteak such as strength, toughness, and
deformability (Yamashita 1998). The various comgaas of fruits (or leaves, Teaford et
al. 2006) pose different biomechanical challengdsetrbivores, and provide a basis for
morphological variation (Rosenberger 1992). Duditierences in masticatory
morphology, some animals may be better than otitesgercoming the mechanical
challenges of foods (Hylander 1979).

To ingest most food items, a primate must firsakreff smaller pieces, often
with its teeth, which involves overcoming the maabal properties of the food (Lucas et
al. 2000, Lucas 2004, Wright 2005). The applicatbteeth to a food item causes
deformation of the item, and if sufficient deformoatoccurs, a crack begins to form. To
successfully initiate a crack, an animal must gaeteea certain level of stress on the
object, where stress is the force per unit cros8@s®l area over which it is applied. The
two major mechanical defenses plants employ tor detdbivores are hardness and
toughness (Lucas et al. 2000). Hardness has leseniloed as “the resistance to
deformation under indentation” and is measuredeefper unit surface area of the
crack generated (Lucas 2004). Hardness is comsidestress-limited defense (Lucas et

al. 2000) in that consumers are limited by theilitgddto produce bite force or in the
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surface area of their teeth. Toughness is a digpiant-limited defense. It is described
as the resistance to crack propagation in a matardéhis measured as the work done in
making a new area of crack. Foods that are ceresid‘tough,” deter herbivores
because their tissues deform without cracking, beytbe displacement a predator can
generate by closing its jaws (Lucas 2004).

The relationship between the masticatory appaatdsody size is sometimes
used to explain interspecific patterns of dietaayiation (e.g. Norconk et al. in press B).
The forces produced by the jaw muscles (i.e. tealgmasseter) increase with body
size (Dechow and Carlson 1990) with respect teediffices in the physiological cross
sectional area (PSA) of the muscle (Anton 1999n<@quently, smaller animals
generate less bite force. Mandibular robustidisp &aries with body size for the same
reason. Norconk et al. (in press B) suggest thegsisting loads during mastication, a
bigger mandible is better. Thus, smaller animalsot dissipate forces as effectively
during mastication.

Smaller individuals have smaller mouths and consetlyy must have smaller
teeth (Cochard 1985). In addition, deciduous deyatierns differ from adult patterns
where adults have more teeth than immature indalgdurhe result is a reduced surface
area over which foods can be processed, and atrenwd the rate at which foods can be
consumed. Furthermore, larger teeth are genaratigidered an adaptation for
processing hard-object foods (Norconk et al., EsprA), such that small individuals may
be at a disadvantage in processing mechanicallfediging foods (Norconk et al. in

press A). If a species is adapted to processiatieriging food items, as in the case of
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sakis and uakaris, immature individuals may besagaificant disadvantage in
harvesting resources.
Juvenile primates

The juvenile period is particularly important inrpates as it is the first period of
time when an individual is responsible for acqugrits own resources. Juveniles are
considered to be at a disadvantage when foragitighimrause they are smaller than
adults and thus cannot necessarily exploit alhefsame resource that adults do, and are
also less experienced foragers. Furthermore, $idil size and lack of experience may
lead juveniles to be competitively excluded by &slul

Foraging skills often require a learning perioddoefan individual can maximize
feeding efficiency. Thus, immature primates foréags efficiently than adults before
they master the appropriate skills (Janson andSddiaik 1993; Fragaszy and Boinski
1995, Tarnaud 2004). During this time, immatuiividuals may favor more easily
accessible resources to cope with reduced ratiemdfconsumption. Furthermore,
dietary breadth of immature individuals may be oamr. As primates age, they get
progressively more efficient at exploiting resos.cdanson and van Schaik (1993) cite
three kinds of experience that allow immature pteado improve feeding efficiency:
direct observation (of adults), trial and errord gmactice.

Juveniles often experience higher mortality rabestadults due to starvation
(Field et al 2005; Janson and van Schaik 1993usThatural selection should favor any
strategies that improve survivorship. Juveniley adopt different foraging strategies

than adults to make up for reduced feeding effioyenrelative to adults and to cope with
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different physiological demands related to differemin body size. Additionally,
juveniles may devote more time to foraging thanltsdun a survey of 16 studies Janson
and van Schaik (1993) estimate that juveniles sp@naverage of 5% more time foraging
than adult females and 27% percent more time fogatfian adult males (Janson and van
Schaik 1993). To make up for narrower diet bregjdtreniles may consume a higher
proportion of more easily obtained resources (FBagand Boinski 1995). Juveniles
also benefit from food sharing with adults. For thest part, food sharing occurs
between mother and offspring when a resource fiedlif for the offspring to obtain such
as those resources that require considerable gtremgccess or complex skills to
manipulate (Fragaszy et al. 1997).

Few examples exist in the literature relatingghgsical and mechanical
properties of food to ontogenetic dietary differesic However, Terborgh (1983) found
that inCebus apella, the mechanical properties of palm nuts may inlsimaller
individuals from accessing them. Adult males cae bpen the nuts with a 60% success
rate. Females use one nut as an anvil on whibft amother achieving a 43% success
rate. Juveniles bang the nuts against a palm fractdeving a 33% success rate (Janson
and van Schaik, 1993). As differences in stremagith morphology affect an individual's
ability to cope with the mechanical propertiesadds, differences in body size should be
an important factor influencing the foods an indixal can consume, particularly among
age groups. In species that commonly target algithg food items, the mechanical
properties of foods may be a major factor shapiffgrénces in diet among age groups.

Platyrrhines and Pitheciins
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The platyrrhines have been a common group in Wla@tudy resource
partitioning (i.e. Hershkovitz 1977; RosenbergedZ;9Anapol and Lee 1994; Marroig
and Cheverud 2001, 2005; Norconk et al. in pressThe adaptive radiation of the
platyrrhines is associated with migration into fee@ding niches accompanied by
changes in body size (i.e. phenotypic variationghsthat body size and diet are strongly
correlated (Hershkovitz 1977, Ford and Davis 1%8&enberger 1992, Marroig and
Cheverud 2005). Variation in body size among tla¢tyrhines and its consequences on
resource exploitation provides an excellent medmarior species to partition resource,
and may have important implications for intraspeai&source partitioning.

Among the platyrrhines, the pitheciins (generéecia, Chiropotes, and
Cacajao), are characterized as seed predators becausedhsyme the seeds of both
ripe and unripe fruit (Kinzey and Norconk 1993, blamk et al.1998, Norconk and
Conklin-Brittian 2004, Norconk 2007). Seed constiompis advantageous because seeds
are often rich in fat and protein such that theytagh in calories per unit volume and
provide valuable nutrients (Norconk and Conklinttsain 2004, Norconk et al. in press
B). However, seeds are often protected by hatduggh outer layers to deter potential
predators. Thus, animals that consume seeds ebhugncounter mechanical challenges
that they must overcome if they are to feed (Kinaegt Norconk 1990, 1993, Lucas et al.
2001). To access seeds, the pitheciins adoptdinfigetrategy known as sclerocarpic
foraging (Kinzey and Norconk 1990, Kinzey 1992, &k et al. in press B). This
strategy is a multistage process for harvestinig tinat includes extracting a seed from

the fruit or seed coating with the anterior deatitfollowed by mastication with the
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molars (Norconk in press B). Sclerocarpic foragaigws pitheciin monkeys to acquire
nutritious seeds with reduced tannins that areestfian those ingested by other
frugivores (Kinzey 1992, Norconk and Kinzey 199993, Norconk in press B).

Sclerocarpic foragers address mechanical chalkewgh the anterior dentition
such that they exhibit a number of adaptationsdeisting loads at the anterior of the
mouth. Masticatory muscle leverage is more balkhetween the masseter and
temporalis than in other ceboids (define), whiclapol and Lee (1994) suggest is
correlated with opening hard foods. The pithecgirkibit an increased moment arm of
the temporalis muscle relative to other primatdsctvincreases muscle leverage along
the length of the mandible (Anapol and Lee 19%jheciins also have robust mandibles
for resisting the forces produced during the prsicegsof hard objects. Although the
pitheciins commonly consume the seeds of hard fi@ods, the seeds are usually soft
(Kinzey and Norconk 1990, 1993; Kinzey 1992). Hermoandibular robusticity is likely
an adaptation to handle the forces generated whéaing a fruit rather than chewing
(Anapol and Lee 1994). The robusticity of the gxtends through the symphysis, which
increases its ability to resist bending and domsotral shear (Hylander 1984; Anapol and
Lee 1994).

All of the pitheciins have well-adapted anteriontiigon including large, laterally
splayed canines, for breaking open hard fruit aegors that are “...inclined anteriorly
from root to tip of crown, forming an efficient mmg or cropping device” (Kinzey
1992). While the anterior dentition of the pithees is adapted for overcoming

mechanical challenges, the low occlusal relief emethulated surface of the molars
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suggests an adaptation for masticating relativefydietary items (Kinzey 1992).
Kinzey (1992) suggests that grinding, rather thaisling may be the major function of
the pitheciine molars.

White-faced sakis (Pithecia pithecia)

Members of the genl&thecia exhibit slightly smaller and less robust canines
and incisors than do other members of Pitheciiaaayell as reduced mandible
robusticity. This suggests thitthecia may consume seeds from fruit that is slightly less
challenging than fruit eaten IgShiropotes or Cacajao. Kinzey and Norconk (1993)
found thatPithecia pithecia consumed seeds from fruit of a maximum puncture
resistance of 6.8 kg/mfimwhich is much lower than the maximum resistarfceeeds
eaten byChiropotes (37.8kg/mnf), but still higher than those consumedAigles
paniscus, a non-seed predators (1.4 Kg/ fiym

ThatP. pithecia routinely encounter mechanically-challenging fobds
interesting implications for ontogenetic dietaryigion. Immature individuals may be
limited in their ability to exploit some of the nechallenging items that adults may
routinely consume. The difference in ability tgloit mechanically-challenging foods
should affect a juvenile’s foraging strategy. u¥¢niles cannot consume the most
challenging food items, they may increase theirscomption of less challenging food
items, thus decreasing diet breadth. This may hddéional effects on other aspects of
resource partitioning as well. If age groups comsulifferent proportions of certain
foods, they may utilize different areas of the fbras well, in response to where preferred

foods are most abundant. Juvenile white-facedssaiould alter their dietary strategies
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to compensate for reduced rates of feeding compaitbcadults. Thus, this group of
platyrrhines should be ideal for investigating dffects of the mechanical properties of

foods on ontogenetic resource partitioning.



CHAPTER Il

HYPOTHESES

| investigated ontogenetic resource partitioningvimte-faced sakisHithecia
pithecia) following Schoener’s (1974) three major niche @msions. When investigating
ontogenetic differences in food type, | also inigeged differences in the mechanical
properties of foods utilized. The following hype#es were tested: (1a) age groups use
different microhabitats during feeding bouts. Ties tested by sampling differences in
use of forest strata while feeding and measuriegstke of feeding trees utilized. (1b)
Microhabitat usage varies on a seasonal basieodf availability shifts seasonally,
individuals of different ages should shift theieusf microhabitat to correspond to areas
of highest food abundance. (2) Juveniles diffenfradults in the food types they ingest
(food types include fruit species, leaves, and @is). | predicted that: (2a) the juvenile
diet is less diverse than the adult diet, (2b)atietiversity shifts on a seasonal basis but
those differences vary between age groups, andageproups differ in resource
consumption based on the physical and mechaniopkpties of foods.

la. Small body size and predation cause juvenile white-faced sakis to differ from
adultsin their use of microhabitats. Juveniles should feed lower in the forest thamtad
for three reasons: first, juveniles may be mowresptible to predators than adults, so
they avoid the upper canopy to avoid the increabedice of avian predation. Second,

juveniles are smaller than adults, and thus maghibeto use smaller trees than adults

17



18

without the potential of breaking a support stroetand falling. Third, if juveniles ingest
different food types than adults, they may occuiigiknt forest strata where those foods
are more abundant.

Differences in juvenile and adult feeding strategreay be reflected in feeding
tree size (diamteter at breast height (DBH)). DBldften used as a predictor of tree
crown volume and thus, feeding patch size (Chapebah 1992, Vasey 2000). If adults
monopolize larger feeding patches, juveniles majob®ed to acquire more resources
from smaller food patches, where the differencaukhbe reflected in the DBH of
feeding trees.

1b. Seasonal shiftsin food availability create differencesin the extent of overlap
of microhabitat usage between adults and juveniles. Primates have been known to vary
in their use of habitat on a seasonal basis, wihesediffer in their use of forest strata
according to fluctuations in resource availabi(i@verdorff 1993, Vasey 2002; Grassi
2002). When resources are abundant, juvenilesdults should overlap more in their
use of microhabitat (i.e. less difference in fegdueight and DBH of feeding trees),
while when resources are limited, juveniles andtadinould exhibit more difference in
the height at which they feed and the size of geeling patches they utilize (i.e. DBH of
feeding trees).

2a. Dueto small body size and inexperience, juvenile white-faced saki dietsare
less diverse than adult diets. Juveniles may be limited in the potential foaslailable to
them due to constraints of body size as well ds ddexperience. Body size and the

accompanying differences in strength may preverdgniles from accessing the more
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mechanically challenging resources that adultswmes Since juveniles are less
experienced than adults, they may not have the leuge of all food items that are
available to eat and consequently eat a less vdigdThus, juveniles are predicted
consume fewer food types than adults (e.g. lowatady diversity), but should consume
higher proportions of fewer foods. Juveniles areviam to occasionally explore foods not
eaten by adults, but most of these foods are rahyn again, and contribute little to
juvenile food intake (Janson and van Schaik 1993).

2b. The extent of differencesin dietary diversity between adults and juveniles
shifts seasonally with changes in food abundance. Juveniles may respond differently to
seasonality than adults. It has often been sugdéisat seasonal fluctuations in food
availability affect primate’s diets (Overdorff 199896, Norconk 1996, Vasey 2000,
2002, Cunningham and Janson 2006). In white-fae&ts, seasonal food scarcity has
been found to cause both a decrease in dietarysttiv¢e.g. Cunningham and Janson
2006), and no difference in dietary diversity (é&Ngrconk 1996). In accordance with
past studies, | predict that adult white-faced sakll either maintain or decrease dietary
diversity when food is scarce. Due to small badg and lack of experience, any
decrease in dietary diversity should be more praned in juveniles.

2c¢ Juvenile white-faced sakis are limited by the physical and mechanical
properties of foods. Juveniles have absolutely smaller jaw muscles)lsmaw gape,
and smaller teeth than adults. Consequently theayme excluded from consuming the

most physically and mechanically challenging foiaans in the adult dietary repertoire.
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Here, | predict that adults will consume more aadiing foods (i.e. harder, tougher,

larger) than juveniles.



CHAPTER 1l
METHODS
Sudy Ste

The study was conducted at Brownsberg Nature FPankname (located between
04° 45’ 46” - 05° 59’ 44” North and 055° 07’ 58'5%P 15’ 23" West). Brownsberg
Nature Park is approximately 27,500 ha of equdtaaiaforest and is roughly 13.5
kilometers wide and 34 km long. The dominant featf Brownsberg is a 1,400 ha
lateritic plateau that rises roughly 500m aboveleeal. The plateau has a milder, cooler
climate than the surrounding area, but maintaios disstinct seasons: 1) the long rainy
season between late April or May and mid-Augusth2)long dry season from mid-
August through November or December; 3) the shettsgason in December and
January; and 4) the short dry season between Fgland April. Despite seasonal
variation in rainfall, no month experiences fewsrt 60mm of rain (De Dijn 2006). The
data reported here were collected in late Juneaijirduly, 2006 during the end of
Suriname’s long wet season (Study period 1) armu frad-December through mid-
January 2006-2007, during the short wet seasomlySteriod 2).

The forests of Brownsberg Nature Park are typtaihe Guayana Shield: the
biodiversity hotspot that includes Guyana, Suringamel French Guiana. Fitzgerald et
al. (2002) classified 10 habitat types within tlekpincluding seven different forest
habitats. The bottom of the plateau contains forest typek&mf lowland rainforest

while the plateau contains sub-montane rainfonedtexperiences occasional cloud
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forest-like conditions. Although the forests obBmsberg are similar in structure to the
rest of the Guayana Shield, the plateau is unigqumih tree composition and taxa (De
Dijn 2006).

Brownsberg contains all eight Guianan Shield ptérspecies including golden
handed tamarinsSéguinus midas), white-faced sakisRjthecia pithecia), common
squirrel monkeysSaimiri sciurius), brown capuchinsGebus apella), wedge-capped
capuchins Cebus olivaceus), bearded sakisChiropotes satanas), red howling monkeys
(Allouatta seniculus), and black spider monkeyAtéles paniscus) (Norconk et al. 2003).
The study species, white-faced sakis (WFS), aré¢hiihe most common primate species
at Brownsberg (Norconk et.&003).

At Brownsberg, white-faced saki diets shift seadlgrwith changes in rainfall
and fruit tree productivity. The majority of treasBrownsberg flower during the long
dry season when conditions favor pollination angt fduring the short wet and short dry
seasons (De Dijn 2006, Vreedzam figure 3.1). SWE& commonly feed on the seeds
of unripe fruits, they experience food shortagerduthe long dry season when fruits are
rare and experience food abundance during the slebrand short dry seasons when fruit
is abundant. Norconk (2007) suggests that sakodegtive activity is seasonal such that
birth and weaning occur during the time of pealt favailability.
Sudy Subjects

Data were collected on a single group of white-flesaki monkeysRithecia
pithecia). The home range of the group was restrictetieéd\tortheast end of the

Brownsberg plateau. Fitzgeradtal. (2002) classified the habitat types in this area a
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savanna forest, high forest, moss aspect, and dagoaspect. Previous reports of
white-faced sakis at Brownsberg suggest that h@mege size is approximately 10.3 ha
(Norconk et al. 2003).

The group contained six individuals during bothdgtperiods. During study
period 1 (SP1), the group consisted of two adulemane subadult male, one adult
female, and two juvenile males. During study pg20(SP2), the group was the same
with the addition of a male infant and the losshef younger adult male. The infant in
the group during SP2 was carried low on its moth#high. This suggests that it was
born only a few weeks prior to the onset of theosdcstudy period as the thigh position
is only occupied for the first five weeks of lifdlgrconk 2007). The infant male did not
forage independently so it was not included indfugly. Assuming births are relatively
consistent from year to year and the infant was loiNovember or December, the two
juvenile males were approximately seven or eighttm®old during SP1, and about one
year old during SP2. During both study periods,jttveniles foraged independently and
did not engage in nursing bouts, but lacked theatheristic pelage of mature males.
Both young males also frequently benefited frondfsbaring from each of the adults.
Thus, they both fit the definition of a juvenilerthg both study periods.

Data Collection

| divide data collection into field and laboratamymponents. Data collected in
the field include those related to microhabitatgeséheight while feeding and DBH of
feeding trees; i.e. hypothesis 1a) and dietaryrditye(hypothesis 2a). Data collected in

the lab include the physical and mechanical progedf food items (hypothesis 2b).
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The field component is further divided into twodjeriods, as methodology differed
slightly due to behavioral changes associated thigipresence of the infant and
seasonality. Hypotheses 1b and 2c (i.e. tempesalurce partitioning) are tested with
the data collected for the first two hypotheses,iclude analyses between study
periods.
Field component

Sudy Period 1 (June-July, 2006) | collected data on the study group between
0630 and 1630 hours while following the monkey#ifreleep site to sleep site. A focal
animal was identified at the beginning of each dag | conducted all occurrence
sampling of feeding bouts (feeding bout= time a@ntgfeeding tree to time leaving tree).
The focal animal was followed for as long as pdssibut if it was lost from sight and
not relocated within five minutes, a new focal aaimwas selected and sampling
continued with the new animal. Juveniles and adu#ire alternated as focal animals in
order to gather a similar amount of data on eaehgagup.

The following data were collected during feedingitso plant species consumed,
plant part consumed, diameter at breast height (DBHeeding tree (collected with a
DBH tape measure), and the height in the tree wiedding (estimated to the nearest
meter). If another individual was feeding in tlaeng tree as the focal animal, a feeding
bout was recorded for that individual as weid libitum data were collected on variation
in methods of food acquisition as well as uniquedfproperties that may have influenced

an individual's ability to ingest it (e.€lusia is dehiscent and requires no dental
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manipulation to access the edible parts (pulp)} thechanical analyses of the pericarp
are irrelevant).

During feeding bouts, food samples were collectethfbeneath the feeding tree
for physical property analysis (see “lab analysislow). If fewer than seven samples or
no samples could be collected during a feeding,libattree was revisited at a later time
to gather additional samples by climbing the trekrmmcking fruits from the tree with a
pole. Many of the lab tests required whole frémtsanalysis (weight, maximum length,
diameter), so mostly whole fruits were collectezhirbeneath the feeding trees. Despite
the numerous methods employed to collect fruity @anlimited number of whole-fruit
samples could be collected on many occasions, wimsted some of the subsequent
measurements. Since hardness, toughness, andipuretistance measurements did not
require whole fruits, some partially eaten fruitsrevcollected for these analyses.

Sudy Period 2 (December 2006- January 2007). Field data collection followed
the same procedure as study period | with one execemll observed feeding bouts were
recorded without emphasizing a focal animal. Theysgroup was more difficult to
locate and to follow during this study period asytifavored higher forest strata during
feeding bouts (see results) and during travel sliaha focal animal could not be
followed for more than a few minutes. During SP&llected the same data during
feeding bouts as during SP1.

Laboratory component
| tested fruits the same day they were collectetti@following morning to

minimize alterations to mechanical properties fratting or drying. The following data
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were collected in the lab: fruit weight, diametauncture resistance, hardness, and
toughness. For mechanical properties measuremeasted only the pericarp of fruits.
The pericarp is generally considered the most ehgihg part of the fruit that the sakis
encounter, since the seeds they encounter onceteegome the pericarp are usually
soft (Kinzey and Norconk 1990, Kinzey 1992, Norcatlal. in press B). Fruit weight
was calculated with a 300 g maximum scale accuoabelg. Maximum length and
diameter were determined with calipers accurateXaentimeters. Puncture resistance
data was collected with a Rimac® soil compressisiter and a 2mfradapter (Kinzey
and Norconk 1990) to generate a pressure measurédgmm?). For the puncture test,
the 2 mn adapter was pressed into the fruit samples uritibike through the pericarp.

Hardness and toughness were measured with a porteadhanical properties
tester (Darvell et al. 1996; Lucas et al. 2001;d2u2004). The tester consists of a
mechanical testing frame, an electronics box, acahaputer program. The mechanical
testing frame includes a stage for placing frumpkes, testing jigs (specific for each
properties test), a shaft encoder that controlglai®ment, and a mechanical crank for
manually generating force and displacement. A lmed(10N or 100N) is attached to
the mechanical frame to measure the forces crediéd testing a food item. The load
cell and shaft encoder are linked to the electoh@x which generates an analog output
of force and displacement. The electronics bdixied to a computer that generates a
digital output of force versus displacement onapbr The data from the graph can be
used to determine a particular mechanical property.

Hardness
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The hardness test employs a Vicker's adapter (iagdgyyramid) to the
mechanical properties tester that is slowly pressedthe sample. Samples must be as
flat as possible for a hardness test to controlfferarea of the indentation. Samples are
shaped with a razorblade to as flat as possibte riapplying the hardness test. The
Vicker’s adapter is connected to the load cell simaft encoder so that force and
displacement values generated as the adapter piess¢he sample are transferred to
the shaft encoder and the computer. Hardnessasumed as the maximum force on the
force-displacement curve.

Toughness

The toughness test on the mechanical propertiesr ®siploys a set of high
guality scissors which are slowly passed throughraple in order to determine the
sample’s resistance to the force created by tles@d. Before testing the sample, the
scissors are compressed in an empty pass to reifmewection of the scissor blades from
subsequent measurement generated while cutting foBuhce toughness is related to the
area of a crack, the cross-sectional area of esaple is measured by cutting fruit
samples into thin strips with a razorblade and meag the width and depth of the strips
with calipers. The scissor blades are pushedhegstowly by turning the crank of the
mechanical testing frame which lowers a wheel jitpdhe upper scissor handle. The
electronics box generates an analog output ofdfeefand displacement created by
closing the scissor blades across the sample. hhasg is measured as the area under the
force-displacement curve.

Testing limitations



28

The data gathered with the mechanical propertgsument were somewhat
limited due to the availability of the instrumemicethe nature of the fruit, which
sometimes limited the tests which could be appliedr example, many of the fruits the
sakis consumed were very small which limited thieptal to shape a flat piece of
pericarp for hardness tests without rendering theeptoo thin. Furthermore, overly thin
pieces risk damaging the load cell if the adapbetacts the stage after it pierces the
sample.

Data Analysis
Field Component

Data for height while feeding were divided inteef categories (0-5 meters, 5.01-
10 meters, 10.01-15 meters, 15.01-20 meters, a@adreRers) to minimize potential error
from estimations. | employed a three-dimensiohakquare to analyze the differences
between juveniles’ and adult’s use of forest stbatd within and between seasons. To
test for the difference in DBH of the trees usedthgh age group and between seasons, |
used a univariate, general linear model, whictetefir the difference between age
groups, seasons, and for the interaction betweemyamp and season. For both feeding
height and DBH analyses, each feeding bout wasaded as a data point, regardless of
whether or not the feeding tree had been usedqursiyi.

For analysis of dietary diversity, feeding boutgeveategorized along three
dimensions. First, they were divided accordingde group (e.g. juvenile or adult).
Second, these feeding bouts were grouped accaalisgason such that each age group

had two sets of feeding bouts; one for SP1 andam®P2. Finally, the feeding bouts
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were grouped according to food type. To testlierdifference in dietary diversity
between juveniles and adults, the Shannon-Weimaxihof dietary diversity was
calculated for juveniles and adults for each seaswha Student’s T test was used to
compare difference in dietary diversity (Hutche48@0) between age groups and
between seasons. | also calculated Morisita’sxtidef dietary overlap between age
groups for each study period. Morista’s index emfyom zero to one where a value of
one indicates complete dietary overlap, while zedicates no dietary overlap.
Laboratory Component

For each fruit species, | calculated the mean vafuach physical and
mechanical property. For each property, fruitsenanked in increasing order of the
mean value of that property. If a monkey was oles#feeding on a particular species, it
was assumed that it could overcome the mean vafusdsthe mechanical properties of
that fruit. As all mechanical properties were determined for each fruit species, only

those for which the property was determined wectigred in each analysis.

* Shannon-Weiner index: H=Zpjlogp, where pis the proportion of each food type to
the rest of the diet.

** Morisita’s index: My= [22 (x;) (%)) [Zx;%+ =x;°], where x is the occurrence of
foodj in theith sample of a consumer angdis the occurrence of the same food item in
thekth consumer.
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Juvenile feeding bout frequencies (for each fruggye scaled in relation to the
number of adult feeding bouts (i.e. juvenile fegdiouts — adult feeding bouts/ juvenile
feeding bouts + adult feeding bouts). The scalddes were then regressed on the
means of each food property. The mean valuesabf paperty were log-transformed to
minimize the effects of heteroscedasticity. Fartfweight, diameter, and puncture
resistance, fruits on which fewer than three fegdiouts were observed were not
included in analysis. Since data for hardnesstamghness were limited, all fruits were
included in analysis, regardless of the numbeeetling bouts observed on that

particular fruit.



Figure 3.1. Phenology data for Brownsberg Nature Park Framuagy 2003-March 2005.
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CHAPTER IV
RESULTS

Hypothesis 1a and 1b (Feeding Height and DBH)

The three dimensional chi square yielded a sicgnifi relationship among age
group, season, and usage of forest styétb7.65, p<.000). Subsequent tests for partial
independence found no relationship between agepgand feeding heighyi=4.52,
p>.05), but a significant relationship between saand feeding heighy?=51.04,
p<.000). Thus, age groups did not differ signifiiiain their use of forest strata during
either season, but the group as a whole, usediseymtiy higher forest strata during SP2
(Figure 4.1). Nearly 90% of feeding bouts durirlS®ccurred between 0-15m, while
the same proportion of feeding bouts during SP21wed between 5-20m. As the early
dry season at Brownsberg (i.e. SP1) is correlaigdnesource scarcity (De Dijn 2006)
and the short wet season (i.e. SP2) is correlatibdrasource abundance, the white faced
sakis appeared to shift their use of forest samatarding to shifts in food availability
(Figure 4.2).

The general linear model yielded a significantatiéince by age group (F=6.607,
p<.011), by season (F=13.522, p<.000), and a sigmif interaction between age group
and season (F=3.894, p<.049) according to the DBfiealing trees utilized. Post-hoc,
independent samples t-tests were performed todudélineate where the variation

occurred. Juveniles used significantly smalledfpatches (by DBH) than adults during
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SP1 when juveniles fed in trees of an average DBHO&7 cm (£8.79cm) and adults fed
in trees of average DBH 17.05 cm (£9.62cm) (1=5,§%&1000). Age groups did not
differ in the DBH of feeding trees used during 2275, p<.784). Juveniles used
significantly larger trees during SP2 than durifl$t=6.135, p< .000), as did adults (t=
2.978, p<.01). Thus, both age groups used treksgér DBH during SP2 than during
SP1, but this difference was more pronounced ianues (Figure 4.3). As with
differences in feeding height, juveniles and adaipeared to shift their use of trees
according to differences in food availability.

Hypothesis 2a and 2b (Dietary Diversity)

Feeding bouts were distributed among 27 food typaading 25 fruit species,
one flower species, and leaves (leaves were growmgedher as | was unable to collect
any samples, so species could not be distinguisHediit and seeds made up the
majority of feeding bouts for both age groups (87 .2uveniles, 75.76% adults). Both
age groups fed on a wider variety of foods durif@ $han during SP1 (Table 4.1).

Juveniles and adults differed significantly in digtdiversity during SP1£6.72,
p<.01), but not during SP2<.307, p>.05). Juvenile dietary diversity différe
significantly between study periods:(14.337, p<.001) as did adults 3.4292, p<.01,
Table 4.2). Juveniles also fed on considerablyefeiwod types than adults during SP1
(8/13) (Figure 4.4). During SP2, juveniles did ddter from adults in dietary diversity.
Each age group was observed feeding on 15 difféoexttypes (Figure 4.5).

Calculations of Morisita’s index of dietary overlgielded similar results to the

Shannon-Weiner index. Dietary overlap betweennilge and adults was much less
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during SP1 (.598) than during SP2 (.936). Thustady overlap was higher between
juveniles and adults when foods were abundantwian foods were scarce.

Pausandra martinii made up 65.8% of juvenile feeding bouts (123/X8k)ng
SP1 but only 21.7% of adult feeding bouts durind §2/147). The availability d®.
martinii overlapped both study periods, but ingestioR.ahartinii was significantly less
during SP2 (Juvenileg= 65.37, p< .0001; Adultg’= 19.44, p<.0001). Nevertheless,
juveniles utilizedP. martinii significantly more than adults during SB2=6.29, p=
.0215) (Figure 4.6).

Both age groups fed most often Mincranda brownsbergens during SP2
(juveniles: 21/71 feeding bouts, 29.6%; adults 24&:ding bouts, 28.8%). Both age
group fed on significantly fewer leaves during $R&n during SP1 (juveniled=5.44,
p=.0197; adult§?=8.00, p= .0047), but juveniles devoted signifityafewer feeding
bouts to leaves than adults during both study se8iP1*= 13.7, p< .0001; SPZ=
4.037, p=.045) (Figure 4.7).

Hypothesis 2¢c
(Fruit Weight and Diameter)

The largest fruits eaten by adults were greatar #&6g (the mea@lusia
grandiflora was actually higher because many fruits exceduediaximum value of the
scale, so they were recorded as 300g even thoeghtbre heavier) and an average of
9.21cm in diameter. The maximum size of fruit adig juveniles independently was
50.59 g Gustavia augusta) and 5.00 cm in diametelPdssiflora sp.). Regression analysis

of fruit size versus feeding bouts yielded a sigaift relationship, with juveniles



35

consuming relatively fewer fruits than adults astfsize increased% .479, t= 3.18, p<
.01, df=12) (Figure 4.8). There was also a sigaiit relationship between fruit diameter
and relative feeding bouts4r.382, t= 2.94, p<.05, df=15) (Figure 4.9).

(Puncture Resistance)

Abrus sp. was the most challenging fruit in terms of punetrgsistance (9.67
Kg/mm?2 mean) and was not observed to be eatenvayiles; however, only one adult
feeding bout was recorded for this species. Tlxé fingit species most resistant to
puncture wasnga sp. with a mean resistance to puncture of 5.50kg/ Inga sp. was
eaten by both adults (n=11) and juveniles (n=9)ndture resistance did not significantly
influence difference in diet between adults ancikes (f= .168) (figure 4.10).
(Hardness)

The hardest fruits eaten by the sakis wWaustavia augusta and “unknown #1,”
both of which had an average hardness of 2.38 ME#édh age groups were observed
feeding on each of these fruit speci@sdugusta juvenile feeding bouts (JFB)=1, adult
feeding bouts (AFB)=1; Unknown 1 JFB= 4, AFB= @ge groups did not differ
significantly by proportion of foods eaten as rahkg hardness % .109, n= 9) (Figure
4.11).

(Toughness)

The toughest fruit eaten by the sakis wadtiga sp.(3589.06 J/m=2), which was
eaten by both juveniles and adults (AFB= 11; JFR=Age groups did not vary
significantly when feeding bouts were ranked byéasing toughness’&.127, n=7)

(Figure 4.12).
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Figure4.1. Comparison of feeding height between study psridde groups are
combined.
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Figure4.2. Comparison of forest strata used between agepgrand study periods by
percentage of feeding bouts taking place in eaayhheategory.
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Figure 4.3. Comparison of average DBH of feeding trees byaagkseason. Error bars
represent +1 SE.

a6l I

Age Group/ Study Period



39

Figure 4.4. Comparison of juvenile and adult feeding boutsrauSP 1 by food type.
Some foods were eaten only by adults.
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Figure 4.5. Comparison of juvenile and adult feeding boutsrauSP 2 by food type.
Some foods were only eaten by one age group.
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Figure 4.6. Comparison oPausandra martinii feeding bouts by age group and season.
Bars represent percentage of feeding bouts.
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Figure4.7. Comparison of leaf feeding bouts by age groupsaas$on. Bars represent
percentage of feeding bouts.
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Figure 4.8. Regression analysis of scaled values of feedingshaccording to fruit
weight. Data points closer to 1.0 are foods predantly eaten by juveniles and data
points closer to -1.0 represent foods predominaedlgn by adults. Curved lines
represent 95% confidence interval.
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Figure4.9. Regression analysis of scaled values of feedmgsbaccording to fruit
diameter. Data points closer to 1.0 are foods@redantly eaten by juveniles and data
points closer to -1.0 represent foods predominaedlgn by adults. Curved lines
represent 95% confidence interval.
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Figure 4.10. Regression analysis of scaled values of feedingsbaccording to puncture
resistance. Data points closer to 1.0 are fooeldgminantly eaten by juveniles and data
points closer to -1.0 represent foods predominaedlgn by adults. Curved lines
represent 95% confidence interval
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Figure4.11. Regression analysis of scaled values of feedingsbaccording to fruit
hardness. Data points closer to 1.0 are foodsopnadhntly eaten by juveniles and data
points closer to -1.0 represent foods predominaedlgn by adults. Curved lines
represent 95% confidence interval.
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Figure 4.12. Regression analysis of scaled values of feedingsbaccording to fruit
toughness. Data points closer to 1.0 are fooddopnenantly eaten by juveniles and data
points closer to -1.0 represent foods predominaedlgn by adults. Curved lines
represent 95% confidence interval.
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Table4.1. Feeding bouts by study period, age group, aod fgpe.
Study Period 1

Study Period 2

48

Fruit Species

JuvenilesAdults

Fruit Species

JuvenilesAdults

Abrus sp. 0 1 Bellucia grosslarioides 1 0
Anaxagorea 8 3 Chrysophyllum 5 6
dolichocarpa cuneifolium
Bellucia grosslarioides 4 22 | Clusia grandiflora 0 6
Duguetia guianensis 7 7 Clusia scrobiculata 0 3
Gurania subumbellata 0 2 Duguetia guianensis 0 1
Micranda . 11 12 | Gurania subumbellata 1 1
brownsbergensis
Pausandra martinii 123 32 | Gustavia augusta 1 1
Salacia cordata 0 3 Inga sp. 9 11
Talisia cf. micrantha 4 9 Lecythis corrugata 0 2
Virola sp. 0 1 Mabea piriri 1 1
Unknown 1 1 Micranda . 21 24
brownsbergeniss
Unknown 2 4 9 | Passiflorasp. 1 0
Leaves 26 45 | Pausandra martinii 6 0
Rourea fructescens 11 11
Sacoglottis cydoniodes 3 4
Unknown 3 2 1
Unknown 4 1 1
Unknown 5 1 0
Leaves 2 11
Flowers 5 0
Total 187 147 | Total 7 84
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Table4.2. Dietary Diversity indices for each age group dgreach study period.

Values in bold are statistically significant.

Study Period 1 Study Period 2 t*
Juveniles 5305 9766 14.34
Adults .8639 .9568 3.43
t* 6.72 307

*t values are calculated using Hutchison’s (1970 o




Table4.3. Physical and mechanical properties data for dikary items.

Fruit Species/ Food type ~ WeightDiametef Puncturé Hardnes$ Toughness Juvenile FB Alglglt
1 Abrussp. 3.65 1.21 9.67 - - 0 1
2 Anaxagorea dolichocarpa 0.80 0.98 2.29 - - 8 3
3 Bellucia grossarioides 6.78 2.44 0.49 - - 5 22
4 Chrysophyllum cuneifolium  20.30 3.39 2.29 0.94 1364.30 5 6
5 Clusiagrandiflora 286.60  9.21 - - - 0 6
6 Clusia scrobiculata 14.00 2.56 - - - 0 3
7 Duguetia guianensis - 1.76 0.73 - - 7 8
8 Gurania subumbellata - 2.50 1.50 - - 1 3
9 Gustavia augusta 50.59 4.65 1.93 2.38 1731.47 1 1
10 Ingasp. 6.70 0.35 5.50 0.49 3589.06 9 11
11 Lecythiscorrugata 10.08 2.77 1.69 57 806.35 0 2
12 Mabea piriri 3.66 1.88 1.14 - - 1 1
13 Micranda brownsbergensis  0.62 1.11 4.54 - - 32 36
14 Passiflorasp. 19.45 4.14 0.40 - - 1 0
15 Pausandra martinii 1.65 1.45 2.43 1.37 - 129 32
16 Rourea fructescens 0.50 0.80 1.00 - - 11 11
17 Salacea cordata 145.40 6.70 - 0.67 1516.95 0 3
18 Sacoglottis cydoniodes - 2.01 - - - 3 4
19 Talisia cf. micrantha 1.27 1.09 1.25 0.22 1531.80 4 9
20 Virola sp. 1.58 1.48 - - - 0 1
21 Unknown 1 3.28 1.66 2.31 - - 0 1
22 Unknown 2 0.64 1.01 1.33 2.38 - 4 9
23 Unknown 3 2.15 1.45 1.50 - - 2 1
24 Unknown 4 6.04 2.25 2.44 0.62 923.67 1 1
25 Unknown 5 2.35 1.37 2.50 - - 1 0
26 Leaves - - - - - 28 56
27 Flowers - - - - - 5 0
Total 258 231

0S



(grams)?*(centimeters)*(Kg/mnr); 4(MPa);>(J/m)
SClusia grandiflora maxed out 300gram scale, so mean weight is agthiglher
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CHAPTER V

DISCUSSION

Dietary differences between juvenile and adult eAfiiced sakis were most
evident in dietary diversity, and were most prorcaehwhen food items are least
abundant (i.e. late wet season and early dry s@a¥hen foods were more abundant
(i.e. short wet season), juvenile and adult diet:dt differ significantly. These results
are also consistent with the ecological literatumenterspecific resource partitioning
which predicts that individuals often overlap sfgantly in resource usage during times
of food abundance, but segregate niches duringtohéod scarcity. These data must
be interpreted cautiously however, as the diffeeanage of juveniles between study
periods also may have contributed to dietary shiftscrohabitat usage seemed
somewhat less important for resource partitionimgag age groups in white-faced sakis.
Although juveniles used different sized food patctes estimated by DBH) during SP1,
they did not differ significantly in the forest ata they utilized. Aside from overall food
size, the mechanical and physical properties agamere not major factors influencing
differential resource exploitation.

Hypothesis 1a and 1 b (Microhabitat usage)

The great vertical dimension in a rainforest casvjote the means for species to

avoid overlap in resource use and provide a meshafor niche segregation (Grassi

2002; Vasey 2000, Overdorff 1993, 1996). The sprireiple can be applied at the
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intraspecific level. The differences in the usdopést strata among conspecifics can be
explained by differences in body size, the needkttrease feeding competition, and
difference in social roles (Grassi 2002). Furthenenthe distribution of food sources is
important for interpreting differences in heighewsithin the forest (Grassi 2002).
White-faced saki age groups did not differ sigrfitdy in their use of forest strata during
either study periodyf=4.52, p>.05). Thus, hypothesis 1a was not welpstted. Vasey
(2000) suggests that shifts in use of forest heaghitoften species specific tactics for
behavioral thermoregulation and predator avoidarktere, juveniles may occupy similar
forest strata as adults both to reduce the chasfqgagedation and to facilitate observation
based learning from adults at the expense of isestaompetition for food. Juveniles
often cannot reduce the risk of predation and ataym simultaneously and often favor
reduced rates of food intake over increased patiioti predation (Janson and van
Schaik 1993). This may be because predation keaidsmediate death, while reduced
feeding efficiency can be overcome by food shawith adults or the tendency for adults
to allow juveniles to feed nearby. In this casegpiles minimize risk by maintaining
close contact with adults. This lends supporttwsdn and van Schaik’s (1993) “juvenile
risk-aversion” hypothesis that suggests that juesradopt strategies to minimize the risk
of death before reproductive maturity. Tarnaud@Gsuggests that foraging success for
juveniles increases when a juvenile is in closdadrwith an experienced forager. Thus,
juveniles may forage near adults to improve thaiading efficiency and reduce the need
for trial-and-error learning, which is potentiatigky due to the possibility of ingesting

toxic food items.
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The group as a whole fed significantly higher ia forest ¢=51.04, p<.000)
and used larger food patches during SP2 than d&fig(F=13.522, p<.000). These
data are consistent to what Vasey (2002) reportsdthE. f. albifrons andV. v. rubra in
Madagascar, where each species uses significandiles feeding trees during seasonal
food shortages. This strategy may be relateddadlative availability of food in that
when fruits are abundant, sakis favor larger patchearger food patches should yield a
higher energy output per unit foraging time sucit gakis take advantage of these when
available. Conversely, when foods are less abunttansakis move lower in the forest
to include fruit from smaller patches as well. Hakis may compensate for the reduced
feeding patch size (During SP1) by increasing theunt of time they spend foraging
during the day and thus, increasing the numbentdh@s they visit during the day.
Some anecdotal evidence supports this hypoth&gising SP1, nearly the entire day was
spent foraging, while during SP2, the sakis ofanained in the same place for several
hours without feeding. Due to the difference imping methods between study
periods, seasonal differences in patch usage petime cannot be quantitatively
compared.

Both age groups avoided the upper forest stratan®2iuring both study periods.
This may be partly to the increased chance of guiadation at this level. The major
predators of white faced sakis are the Harpy e@tgepia harpyja, Rettig 1978) and the
crested eagleMorphnus guianensis, Gilbert 2000) (as cited in Miller and Treves 2P07
which might limit the saki’'s use of the upper capoisrassi (2002) found that gray

bamboo lemursHapalemur griseus) respond to avian predators by reducing theirhteig
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in the forest and becoming quiet, suggesting tautse of lower canopy strata is an
effective means of reducing predation. Since adghlte faced sakis only achieve adult
body sizes of 1.5-2.5 Kg (Norconk 2007), it maytiat the adult body size does not
confer a significant advantage in avian predatoigance. Thus, both age groups may
avoid the upper canopy for similar reasons. Funtioee, the upper canopy may not
provide the necessary food types that white fae&ts soutinely consume. Thus, the tree
species that form the upper canopy is essentialiside the realm of the saki dietary
niche.

Although juveniles did not differ significantly fno adults in their use of forest
strata during SPJ;&:4.52, p>.05), they used significantly smaller fgadches than
adults (t=5.821, p<.000). This difference may hlagen related to the difference in
dietary diversity between adults and juvenilesmy$P1. Juveniles utilizéehusandra
martinii trees extensively, which were small in DBH (6.48en32) and used frequently
such that they made up a large proportion of oleskfeeding bouts and were responsible
for reducing the average DBH of trees utilized tygniles during SSI. During SP2,
juvenile diets did not differ significantly from alis (see hypothesis 2) and consequently,
they fed in many of the same trees. Thus, durfPg Bveniles did not differ
significantly from adults in relation to the DBH fafeding trees.
Hypothesis 2a and 2b (Dietary Diversity)

Many studies have demonstrated shifts in dietagrlap between species and sex
classes according to changes in fruit abundangeVasey 2000, 2002, Gautier-Hion

1980, 1988, Overdorff 1993). Here, both age gralifiered significantly in dietary
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diversity between seasons, but this differencema® pronounced in juveniles
(juveniles:t= 14.337, p<.001; adults: 3.4292, p<.01; Table 2). Furthermore, juvenile
dietary diversity was significantly lower than adudluring SP1t€6.72, p<.01). These
data support the predictions of hypothesis 2a.sEasonal shifts in dietary diversity
correspond to seasonal shifts in food availabilitiiere white-faced sakis at Brownsberg
consume fewer food types during times of food stgaend more food types during
times of food abundance. Both age groups seemmpensate for the reduction in the
diversity of food types they consume by consumiigdnér proportions of fewer food
types. Adults compensated by increasing theitiveldeaf consumption, while juveniles
compensated by consuming m&ausandra martinii fruits. These data are similar to
what Overdorff (1993) found fdulemur rubriventer andEulemur fulvus rufus, which
both decreased dietary diversity when food wascscar

At Guri Lake, Venezuela, Norconk (1996) found a+saynificant (r=-.477)
inverse correlation between rainfall and plant sgsediversity and concluded that white-
faced sakis did not vary in dietary diversity sewsly. She attributed this to the saki’'s
ability to feed on fruit at different stages ofeigess. Conversely, Cunningham and
Janson (2006), found that during a particular geobfood scarcity, saki dietary
diversity decreased significantly, where the m&jyoof food came from one tree species:
Licaniadiscolor. The results presented here are somewhat intéatadzbtween
Norconk’s (1996) and Cunningham and Janson’s (2006)ngs. The sakis at
Brownsberg did not maintain dietary diversity asdicted by Norconk (1996), but did

not reduce dietary diversity to the extent that ingham and Janson’s (2006) study
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found. The adults decreased dietary diversitydy about 10% during this time period
(.957 SP1 to .864 SP2, Shannon-Weiner index), viiéeniles reduced dietary diversity
by about 45% (.977 SP1 to .531 SP2, Shannon-Wgidek). These results suggest that
white-faced saki feeding strategies can be quitebie, where groups alter diet
strategies according to differences in fruit prdduc It may be their specialized feeding
apparatus that allows this to be possible. Sinugevwiaced sakis can use mechanically
challenging foods, they may be capable of consuraingder range of food types than
other primate species.

Juvenile and adult white faced sakis appear totadiffprent strategies to
compensate for seasonal shifts in food availabilityvenile increased their consumption
of Pausandra martinii while adults increased their consumption of leavEsis
difference may be a reflection of the different stoaints of body size. The smaller body
size of juveniles is accompanied by a shorter dingesract, which reduced their absolute
ability to extract nutrients from food items. Juoiles may require a relatively higher
proportion of fast digesting carbohydrates andginothan adults to support increased
metabolic rates and provide additional nutrientggfmwth. Adult white faced saki diets
include anywhere from 4-18.4% leaves (Setz 1998itad in Norconk 2007), Kinzey
and Norconk 1993, Norconk 1996, 2007). Maturedsaend to be difficult to digest and
low in nutritional content (i.e. calories; Fleadl@85, Marroig and Cheverud 2005)
although they are widely available. It would malesse for juveniles to consume
relatively fewer mature leaves than adults as tdeseot provide high quality, easily

digestible nutrients. Conversely, small size aiguveniles the ability to subsist on less
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abundant, relatively higher quality resources R.emartinii). The large body size of
adults may prevent them from relying on less abohdssources, but may allow them to
consume lower quality resources due to a longenghith allows more time for nutrient
extraction.

Juvenile’sPausandra martinii usage during SP1 greatly exceeded adult’s use of
leaves. There are two possible reasons for #iist, | was unable to estimate the
volume of food that was consumed during feeding$oihus, adult leaf-feeding bouts
may have yielded a larger total volume of food thasenile’sP. martinii feeding bouts.
Secondly, adult dietary diversity was significarghgater than juvenile dietary diversity
during SP1, whereby adults may not have requirddgisa volume of each food item,
particularly leaves. These results must be in&teol cautiously, as | do not have
nutritional data for food items.

It is difficult to pinpoint the most important cauef dietary difference between
juvenile and adult white-faced sakis. While diffiece in body size may have played a
minor role in limiting juveniles from the largestdd items or in causing juveniles to
heavily exploitP. martinii, it was not likely a major factor limiting juvees from other
food sources that were not particularly challengihgexperience may have rendered
juveniles less efficient at exploiting resourcesionply naive as to what foods were
suitable to eat. Additionally, the presence ofladmay have reduced the amount and
variety of resources available.

Juveniles may have increased their consumptionarfd with which they were

familiar as a result of limited knowledge. It is@possible that juveniles purposefully
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favored fewer food items as specializing on a grigbd item can improve an animal’s
efficiency at exploiting that resource becausdaes the individual to form a more
effective search image (Bolnick et al. 2003). lis tase, juveniles may have emphasized
particular food items (e.dp. martinii) because they could find and consume it relatively
efficiently. The increase in dietary diversity ohgy SP2may have reflected juveniles
increased knowledge and ability to find and constooes.

Juveniles may be less efficient at acquiring resesiduring group feeding events
such that they ingest fewer calories per unit tand fewer total calories. Janson and van
Schaik (1993) suggest that juvenile foraging sueeeess than that of adults and that
while consuming fruits, juveniles consume fruit8&%o the rate of adults. This may also
explain juveniles’ increased useffmartinii relative to adults. If the juveniles
consumed fewer calories during group feeding evierierge patches, they may have
made up for this by consuming md?emartinii while traveling between larger food
patches.

If competition were indeed a factor contributingdietary difference, the
competition was exploitative rather than aggressikdults were never observed
directing aggression towards juveniles and alloyedniles to feed nearby during group
feeding bouts. Furthermore, adults almost alwégislgd to juvenile solicited food
sharing. This interpretation may be partly biaded to the genetic relatedness of the
juveniles to the adults, where the adults effetfiugcreased their own fitness by aiding
the juveniles. In a situation with unrelated gron@mbers, competition may have been

more obvious and involved aggressive interactid@isice | do not have specific data on
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rate of food intake during feeding bouts, it is possible to quantitatively substantiate
the effects of exploitative competition on age-ediedietary variation.

It is important to comment on some of the limitasaf the preceding
interpretations. First, food items that juvenidesjuired by sharing with adults were not
included in the diversity estimate. Indeed, thesels are important in contributing to
juvenile caloric intake; however they do not neaedgreflect a juvenile’s ability to
contribute to its own fitness. In this case, febdring may be better interpreted as a
means by which adults enhance fithess by aidingrjile survival rates. Secondly, the
difference in methodology and sample size betweasans may have affected
interpretations. Since the group ranged highénerforest strata during SP2 and were
more difficult to observe, some of the feeding @serere likely missed. Furthermore,
fewer feeding bouts were recorded during SP2. Keweny improvements in
observation would have served to further exaggesedsonal differences in dietary
diversity as despite the limited visual abilityetdiry diversity estimates during this
period were already higher.

The difference in dietary variation between juvesiand adults between study
periods may be confounded by the fact that thenjile®e were older and more
experienced during SP2. Thus, rather than puesganal differences in fruit
abundance, the similarity in dietary diversity afetary overlap between juveniles and
adults during SP2 may have been due to the jusemiproved knowledge of what foods
to eat and how those foods are most efficientlysaomed. Indeed, Janson and van

Schaik (1993) suggest that juvenile primates oftelmeve adult feeding efficiency before
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they reach adulthood. Conversely, if juvenileseMeeding as efficiently as adults,
adults may not have been willing to share foodod=sharing events were observed
during SP2, suggesting that juveniles were stitheahat less efficient than adults at
exploiting food. Thus, seasonal variation in f@admindance was probably as least partly
responsible for differences in dietary overlap.

Hypothesis 2¢ (Physical and mechanical properties)

Janson and van Schaik (1993) noted that juvenihegbes often avoid certain
large or tough fruits commonly eaten by conspeecitialts. Yamashita (1998) found that
variation in body size among lemurs contributeganation in tooth morphology, and
tooth morphology significantly influences an animealbility to exploit particular
resources (Anapol & Lee 1994; Lucas 2004; Wrigl@3)0 Here, juveniles were limited
only by food size (by weight%r .479, t= 3.18, p< .01, df=12) and by diameté&r (882,
t= 2.94, p<.05, df=15)). Further support for thistary limitation was provided by the
observation of juvenile temper tantrums and foaatisiyg events that were commonly
associated with larger food items. Since juveniese apparently unable to manipulate
or extract food from the largest food items, thé&gm solicited food sharing from adults
while the adults were consuming these items. Teehanical properties of foods in the
white-faced saki diet did not to influence dietdifferences between juvenile and adult
white-faced sakis based on the relative proporiosach food consumed.

It is likely overall body strength limited juveas rather than jaw strength. The
largest food item that adults consumed and juvemiid not, wa€lusia grandiflora.

This fruit was dehiscent such that it required eatdl manipulation to access the interior
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pulp. Furthermore, the pulp was very soft, and ld@uesent no masticatory challenges,
so the only limitation was juvenile’s ability to ldcand manually manipulate the fruit to
extract the pulp. This inability to consume thigést fruits makes sense if we consider
the body size of white faced sakis where adultgedretween 1.347 and 1.875 Kg. If
juveniles are half to three-fourths this size, tehguld weigh approximately three-
fourths to one Kg. Thus, the larger fruits in Hadi's diet are about one quarter to one
half the weight of juveniles, and may have beesidetthe range at which juveniles
could comfortably hold the fruit and remove thegwithout dropping the fruit or falling
from the tree themselves. In the cas&abécea chordata (the next largest fruit), it could
have been the weight of the fruit or the combimatddiameter and mechanical
properties that prevented juveniles from consurtimgfruit independently. Juveniles
were observed eating this fruit during food shaergnts with adults suggesting that the
mechanical properties were not outside the rangtgukeniles could overcome.
However, the diameter of the fruit may have reqljtezeniles to open their jaws to
maximum gape, where the potential bite force isifitantly reduced.

The mechanical properties of the foods white-fagadds consumed did not
influence dietary differences between adults andniles. It may be the efficiency at
which foods are ingested that contributes to diffiees between juvenile and adult food
consumption. Juveniles may have the ability toscome the most challenging foods, but
do not have the ability to do so as quickly as tdulhis should be reflected in the
relative proportions of foods eaten, where juvendkould consume a lower proportion

of more challenging foods. Of the foods testedefules did not consume a significantly
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lower proportion of any of the more challengingdatems, according to the number of
feeding bouts. It is possible that juveniles cansd fewer food items per feeding bout
or consumed each food item at a slower rate, datriot have data to comment on this
difference at the current time. It is also possibiat the major difference may be
reflected in leaf consumption. Juveniles may camsa relatively lower proportion of
leaves in relation to adults than fruit becauserdte limiting step in leaf consumption is
mastication, while the rate limiting step of fradnsumption is picking (Janson and van
Schaik 1993). These data support this theoryahjtivenile white faced sakis consumed
significantly fewer leaves than did adults. Howelkis may also be related to digestive
differences where juveniles are unable to acqummach nutrition from leaves as are
adults.

As mentioned previously, the data sets for hardaedsoughness were limited
due to the availability of the testing device. IAgas unable to collect data on all of the
foods the sakis consumed, | may have missed sone afiore challenging food items
which were not eaten by juveniles or at least ekss often by juveniles. This
discrepancy would most likely affect interpretasaelated to hardness and toughness as
measurements of puncture resistance were obtaimegbarly all relevant fruit species.
Selection is often apparent during times of higlsétss, or those times when food is in
shortest supply (Schoener 1986, Overdorff 1993)mbrous studies have demonstrated
that species can overlap significantly in nicheatisions outside the periods of highest
stress, but then segregate in niche usage duriegséil periods (Schoener 1986). lItis

possible in this case, that | was not present dutie most stressful period when the
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sakis consumed the most challenging foods thatavioave segregated juveniles from
adults. This is indeed possible since the studyiwed during the early dry season and
the short wet season. De Dijn et al. (2006) sughes the dry season is the time of
lowest fruit abundance at Brownsberg. Thus, jtassible that dietary differences based
on the physical and mechanical properties of &itetmore evident later in the dry
season.
Pausandra martinii and leaf consumption

The extreme proportion of the juvenile diet devatethe consumption of
Pausandra martinii during SP1 warrants further discussidh.martinii may be an
important fallback food for white faced sakis juites (at least at Brownsberg). Marshall
and Wrangham (2007) define fallback foods as “ mgeassumed to be of relatively
poor nutritional quality and high abundance, ega@ricularly during periods when
preferred foods are scarceP. martinii was the most ubiquitous feeding tree and it
produced fruits during both study sessions, butewsumed at a much higher frequency
during the early dry season (reduced resourceabibiy), particularly by juveniles. As
juveniles increased the number of other foods #ieyP. martinii became less frequently
utilized, as a fallback food predictably shoulddut white faced sakis may ube
martinii as a fallback food to at least some extent. Adell onP. martinii during SP1
(although significantly less than juveniles) butidg SP2, adults were never observed
feeding onP. martinii, although it was still widely available. Both ag@ups consumed
a wider variety of food types during SP2 than dgi8P1, suggesting that when more

alternative foods are present, white-faced sakiaae their intake dP. martinii.
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Milton (1993) proposed that frugivorous primatetsliare characterized as
relatively low in protein, but high in accessiblaries. White-faced sakis appear to fit
this trend as they tend to target foods that afein lipids (Norconk and Conklin-Brittain
2004). When considered in addition to the JarmalhfBinciple, this might explain, to at
least some extent, the variation in the usade afartinii between juvenile and adult
white faced sakis. Juveniles may select foodsatetelatively higher in calories
relative to those eaten by adults, to support asxd metabolic rates and growth.
Juveniles may favdP. martinii over leaves as seeds offer relatively more caorie
Conversely, decreased metabolic rates combinedliavigler body size may allow adult
white-faced sakis to consume a higher volume ofdsaelative to adultsAdditionally,
variation in the use d?. martinii may be related to the patch sizéPofmartinii, which
may reduce its potential benefits for large bodiddlts. Ecological theory suggests that
larger bodied animals cannot afford to consumeuress that are in low abundance,
even if the nutritional value of these resourcdsgh. Instead, they must consume
resources that are more abundant. Converselylesmadividuals (i.e. juveniles) can
consume less abundant food sources if they arehighguality, because the high quality
is necessary to support increased metabolic ratkshey require fewer total calories to
support their smaller body size.

Marshall and Wrangham (2007) suggest that leavesbhmaised as a fall back
foods, and cite a number of studies in supporti@sois monkey, Yeager 1989; Indri,
Powzyk and Mowry 2003; howling monkeys, Chapman7)98Vhite-faced sakis may

also utilize leaves as fallback foods, but adultsarso than juveniles. Both age groups
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consumed significantly fewer leaves during SP2 thaimg SP1, but adults consumed
significantly more leaves than juveniles duringhostudy sessions.

Janson and van Schaik (1993) suggest that thdimatarg step in leaf
consumption is mastication, where juveniles cay ocohsume leaves at 44% the rate of
adults. Thus, it would make sense for juvenilesatget other resources that yield more
total calories per unit time. The fact that botbups fed on a lower proportion of leaves
during SP2 than during SP1 suggests that leaf cgpison may be related to the
availability of other foods such that when otheyde are more abundant, sakis do not
need to rely on leaves. This lends support todWit (1993) hypothesis that primate
frugivore diets are highest in accessible calorien available, sakis seem to select for
higher calorie foods (e.g. seeds) but when thesésfare less abundant, sakis acquire
additional calories from leaves. These resultarsistent with Cunningham and
Janson (2006) who found that in Guri lake, Venezu&hen fruit feeding decreased, the
sakis added more leaves and insects to their diets.

Implications of within-species dietary variation

Acknowledging individual variation within a spesies necessary both because it
generates a more complete description of biologigalems and because it allows
ecologists to generate models that more accurpteljict the behavior of the system
(Bolnick et al 2003). Studies that treat membéthe same species as ecologically
equivalent may overlook important variation witlairspecies that puts individuals under
different selective pressures. To recognize thrgation is important because it results in

differential fithess among individuals and has imaot evolutionary implications.
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Indeed, it is that individual variation that progglthe mechanism for diversification. In
primates, individual variation may be more pronaahthan in other clades due to the
learning component of behavior. Learning allowisnates to be extremely versatile in
their feeding strategies, well beyond that whicbaatrolled by genetics. This ability to
alter behavior and feeding strategy is a major comept of primate life histories.
Recognizing individual variation has important iroations for conservation. |If
species management plans aim to protect a spegesrces by targeting the average
resources used by the community, the plan may eraeivtly harm those individuals that
vary from the population mean (Bolnick et al 2008urthermore, this procedure may
inadvertently reduce genetic diversity by favorordy a certain set of individuals that
are most like the average. This may have furtleéirdental effects in that it reduces a
population’s or species’ ability to cope with emrimental change. Bolnick et al. (2003)
suggest that variation within a population may bu#gainst loss of a particular habitat
or resource and provide the genetic variation resgg4o adapt to environmental change.
In primates, the individual variation that occunshwespect to ontogeny is particularly
important. Primates produce very few offspringidga lifetime such that survival
through ontogeny is a decisive factor determiniogytation viability. In a study of
elephant seals, McMahon et al. (2003) found thagnile survival was the most
important factor affecting the population rate boge. Thus, when developing
conservation plans for primates, it is especiatiportant to consider the ecological

requirements of immature individuals.



CHAPTER VI

CONCLUSIONS

1. Juvenile white-faced sakis exhibited decreaseddiativersity relative to adults when
food was less abundant (i.e. SP1). This differemae likely related to differences in
body size and experience that limited the foodguteniles could potentially
consume. Seasonal variation in dietary differemecag have been related to niche
partitioning during food scarcity, but may also édeen a product of age differences
between study periods.

2. Juvenile white-faced sakis utilized significantipaller food patches than adults when
foods were less abundant. This may have been hanistn to reduce niche overlap
with adults. It may also have been related tonileés small body size which renders
smaller food patches more valuable. Like the diifiee in dietary diversity, the
seasonal differences in size of food patches mag bhaen related to the increase in
age between study periods.

3. Among the food types the white-faced sakis consymge groups differed the most
in the consumption dPausandra martinii and leaves, where juveniles consumed a
significantly higher proportion d®. martinii than adults and adults consumed
significantly more leaves than juveniles. Thathbot these foods were consumed
significantly less during SP2, when other foodsev@ore abundant suggests that

these resources may serve as important fallbadsftar each age group.
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. Despite differences in dietary diversity and fegdatch size, adult and juvenile
white-faced sakis maintain a similar height in ttvest while feeding. Juveniles may
adopt a strategy of feeding close to adults tdifat® observation based learning as
well as to gain protection from predators.

. Juveniles were unable to consume the largest fihatsadults consumed. This was
likely related to overall body strength as the éatgfruits presented no mechanical
challenges.

. The mechanical properties of fruits (hardness, hloegs, puncture resistance) did not
significantly contribute to differences in feedistyategy between adults and juveniles.
The mechanical properties of foods may affect fegeifficiency, which was not
addressed in this study.

. That juvenile and adult white-faced sakis diffefaeding strategies for at least part of
development suggests that it is important to re@egwithin—species variation in
feeding strategies. Recognizing individual vadatprovides a more accurate
description of ecological systems and is importantlevising effective conservation

strategies that protect a species’ resources.
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