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Project Overview: The importance of studyingMalagasy carnivores

Madagascar is one of the most biologically rich areas opl#met. It is home to 771 endemic vertebrates

(2.8% of global total; Myers et al. 2000), including 34 species of I€H@N 2007)and eight species of
carnivore(lUCN 2006) The uniquéMalagasy Carnivora cladecludeseight species recognized as

belonging to thendemid~amily EupleridagYoder et al. 2003, Gaubert et al. 200%he population

status of these carnivores and their predgti@sureon lemurs is of considerable interest as
Madagascar ds for est s dubtoinareasoydegmandsgrone thetgrowirepman degr a d
population(Green and Sussman 1990, Achard et al. 2002g outstanding rate adriest loss on this

island, at least 2% year(green and Sussma 990) continues to dramatically change the landscape

composition through fragmentatioifeaving many species carnivores and their lemur prey threatened

with extinction(IUCN 2007) Today, with 10% of the primary forests remaining, Madagascar has been
recogni zed as one of the worl (Myagsetab2000pbi odi ver sity

Carnivores hae been shown to exert significant influence on ecosystem structure and function, making
their protection arucialcomponenof anyconservatiomplan(Noss et al. 1996)Not only do carnivores
often have the largestem requirement@Noss et al. 1996, Miquelle et al. 2006)ey arealsoknown to

exert regulatory effects dhreatened and endangered pptentially causing extirpation in fragmented
habitats(Buskirk 1999, Crooks and Soule 1999, Terborgh et al. 2001, Buskirk.2@28hivoresmpact

prey speciethroughdirect mortality (Paine 1969and indirect behavioral effects, such as altering prey
distribution and habitat selectig¢hima and Dill 1990, Schmitz et al. 1997).osing alargecarnivore

species from an area may result in mesdgt@ release, trophic cascadesystensimplification, and

even further extinction@Palomares et al. 1995, Rogers and Caro 1998, Terborgh et al. 1999, Terborgh et
al. 2001) To best plan conservation strategieshe landscape level in Madagasdais crucial to
understandhe population dynamics of theCN listed Malagasycarnivores and their equally at risk

lemur prey(IUCN 2007)

There is a paucity of informatiomdhe Malagasy carnivores of the eastern rainforests; especially in the
discipline of population ecologwhich isthe foundation of conservation management. Some insigght
the diet, activityand ranging behavior of carnivores in the rainforest cadehbiged from studies of
conspecificdn the dry western forests of Madagas@aay 1997, Hawkins and Racey 2005, Dollar et al.
2007) but due to increased primary production and widely scattered and patchyaprieyest

carnivores are expected to show significant variatighése trait§Hawkins 1998) Absolute population
estimates and indices in tMalagasyrainforest are almost completely unkno{@unham 1998,

Goodman and Pidgeon 1999, Goodman 2Q003a)

| intend to complete aoninvasive,mensurativestudy of carnivores in the southeastern rainforest of
MadagascaFigure 1)to achievehreemain objectives:

Study Objectives:

1. Estimate the abundance, density, and probability of occupancy/use of rainforest carnivores in
undisturbedainforest, selectiveljogged rainforest and fragmenteablated rainforest.

2. Compare population state variables of rainforest carnsppeeies among three study areas
examine the potential effects of forest disturbance and coexistence relationships.

3. Examine the relationgts among carnivore population state variables and habitat featwoss ac

and between each study afeay. climatic conditions, landscape characteristics, microhabitat
features, lemur abundance, and human activity)
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Introduction:
Endemism and Diversity n Madagascar

Madagascar is th& o r lladgéssoceanic island afalrth largest island overallts long isolation and

topographic variadn has produced a land richbiotic diversity and erglrism. Madagascar 6s uni c
species include 314 endemapiles, 215endemic amphibiansindan 83% endemiplant phylogeny

(Gautier and Goodman 2003ladagascar 6 s mammal s i nc|Myalseetall 12 spec
2000) including8 carnivore species that belongttee ememicFamily Euplerida€Yoder et al. 2003,

Gaubert et al. 2005)The remarkable primatadiation of Madagascar is entiradpdemic and is

represented b§9 lemur species and subspedikttermeier et al. 2005)

The land fragment known as Infldadagascar originally split from the supercontinent Gondwanan
around 165 million years agmya). The fragment becanmmositiored off the coast of Mozambique close

to 121 mya adh subsequently split into what is now known as India and Madagascar 33 million years later
(Coffin and Ramowitz 1992) Despite its adjacent position to mainland Afr{d@0 km) Madagascar

has been isolated by a deep oceanic barrier for at least 88 million$eaey et al. 1995)The variety

of bedrock, soileandtopographyproduceda remarkable diversity of ecological communitig$he

Malagasy flora can roughly be divided into six divisions: eastern humid evergreen forests, eastern and
central montane forests, sambriano zone, southern spiny brush, centrahdsassid western deciduous
forests(Wells 2003) The ecologically diverse eastern rainforests (evergreen forests) originated as the
island moved into its current position, driving the prevailing trade winds stimedsland to rise abruptly

at the eastern edge of the central plateau, causing an orographic precipitatiqiVefiec2003) The
combination of a subtropical climaaad consistent rainfatlet the stage fa rainforest vegetation zone

that now occupies the longitudinal eastern edge of the island.

Prior to the settlement of humamsost ofMadagascar ibelievedto have been covered by forestotiner
densely vegetated habitgBurney 2003) As humans camin successive migratory waves from Africa
and Indonesia within the last 1500 to 2000 yéktistermeier 1988, Mittermeier et al. 199%}artling
changes in biodiversity and land cover were initiatilhst scholars agree the Holocene faunal
extinctions orMadagascar are the result of human actifitgwar 1984) Species extinctions include
seven genera of primate, a giant land tortdaeochelone grandidieriand the carnivor€ryptoprocta
spelea C. s pl¥ kgdadpveeighi{Burness et al. 200Ihade it twice the size of its extant relative,
C. feroxand thus the largest knovemdemiccarnivore tchave occurredn MadagascarSome have
suggested that the two species were conspecific (Savage 1978), but there is no paksireéeidgice to
confirm this hypothesis.

Extant Malagasy Mammalian Fauna

There are four extant orders of terredtmammalson Madagascar todagarnivores primates, rodents,
and liptotyphlan insectivoresThe process of how terrestrial mammalsiwiited dispersal ability found
their way to an isind that has been isolated sitedore the great mammalian radiatie®% mya) has
been ofsignificantevolutionary interestRecent phylogenetic analyses haieen evidence thahe
presence ofach exant errestrial mammal order fhe result ofdifferent, isolateatolonization events
(Yoder et al. 1996, Jansa et al. 1999, Olson 1999, Yoder et al. ZD@Xe is strong evidence that the
Malagasy carnivores amost closelyrelated to the dominantly African Family Herpestid&ontrary to

a long held belief, the Malagasy Carnivora clade does not belong to a monophyletic Viverridae clade, but
rather lies within the feliformia subrder(seephylogenytree Figure 2. The most parsimonious theory
of carnivore colonization of Madagascar is an ewater dispersal event that occurred approximately 18
to 24 mya(Yoder et al. 2003) The lack of carnivora gupetition allowed the original colonizeio
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radiate into a broad range of nichesmong the family Eupleridae, there are currently eight extant
species and seven genera in two subfamilies (Euplerinae and Galitiiees 1 and Figure)2

Environmental Challengeson Madagascar

Madagascar is currently véneroneentaghallengetbecausefoftiehe wor |
seriousthreats to its unique biodiversityom a variety of anthropogenic factor§he causes of

environmental daage have beemell documentegwith slash and burn agriculture, mining, and logging
domiratingbiodiversity losgMittermeier et al. 2005) Humbert and Cours Darnés965)estimated that

in 1953rainforestcovered 107,430 kinwhile the Joint Research Centre Project estiméiidonly

55,328 kni were still remaining by 1999. This indicates a mean rate of 9.5% forest loss per year between
1950 and 1993 and a 1.6% mean rate of forest loss per year between 1993 grtlid®@9t and Cours

Darne 1965, Dufils 2003)The remainingainforestis nowconfined toa slim band running

longitudinally along the eastern escarpmafthe island With only 10% of primary vegetatiothought

to remain(Mittermeier et al. 2005Xhe remarkableiblogical wealth of Madagascar hbsenisolated

into a very small arealn 2000, Myers et al. acknowledged Madagassaone of théop biodiversity
conservation priorities worldwide.

Conservation activities in Madagascar averentlyfocused on successfully implementing the ambitious

Durban Visia established by Malagasy President Marc Ravolomanana in 20@3plancalls for

tripling the curren1.7 million hectares of protemd areas to 6.0 million by 200&hichthe nation is

currentlyon target to achievs.M. Karpanty, Virginia Tech, personal communicatioband
conservatiorspecifically target wildlife corridors connecting existing pagi orderto protect rare
habitats, watersheds, an\WorldBank 2005 The internatbtnaly of speci
conservation communitsecognizedPresident Ravolomanaida@urbanVision as monumental and has

already committedreater thai$40 milliontowards achieving this goéittermeier et al. 2005)

Malagasy Carnivoreand Lemur Conservation

To best achieve the enormous conservation @hgdl set forth in the Durban Visiaesearch on

demographic parameters, habitat selection, and basic life higatigof carnivores must be undertaken.
Carnivores have been shown to exert significant influence on ecosystem structure and functimn, maki
them a crucial aspect of conservat{dloss et al. 1996)Carnivores affect predatprey dynamics by

direct mortality of prey{Paine 1969andindirectly through behavioral effectich as altering prey
distribution and habitat selectighima and Dill 1990, Schmitz et al. 1997).osing a carnivore to habitat

loss or degradation may result in mesopredator reltagdic cascades, ecosystemplification, and

even further extinction@Palomares et al. 1995, Rogers and Caro 1998, Terborgh et al. 1999, Terborgh et
al. 2001)

Recognizing how Malagasy carnivore populations use the land&oagisturbedsecondary, igmented,
degraded, and restored forestsjritical for successfully designimyotected areas and conserving
endemic faunalUnderstanding the ecology of top and mesocarnivores in Madagassaeally
important asl) most Malagasy carnivores andmyaof their lemur prey are listed as threatened or
endangered?) little is known about the predatprey dynamics linking the two group$) threats to
Malagasy carnivorand lemumpopulations continue to be exacerbated by ongoing habitat loss and
fragmentation, and 3) as land is protectattl corridors restoresk part othe Durban Visiona lack of
knowledge inhibits thénclusionof habitat requirements and movement dynamidh@top predatoris
the planning procegVorldBank 2005, IUCN 2006;2007)

To effectivelyunderstangredatorprey populationnteractionsijt is importantto takethe perspective of
the predatofBoinski and Chapman 1995, Mitani et al. 2Q0Hpwever, in the case of Madagasuedrere

7



primates represent the largest mamamaprey biomass of the foresthere are important evolutionary
and ecological questions that canThusndfylly be addr ess
comprehend the impact of predatioy carnivores and other predatorsprimate social structure,

behavior and evolution, joint research on predators and lemurs is necesaymplement the goals of
this carnivore population study, my gradueddeagueMary Kotschwar will be concurrently

investigating antpredator behavioof one lemur specie$(opithecus edwardsat the same study sites

as my carnivore research proje&y understanding thienpact ofpredation pressuyer lack of pressure

(by absent predatdren primate behavior, we hope to understand how primates are able to cope with a
fragmented landscape where argaore may be extirpated atater recolonize. We hopelie synergy of

our studieswill lead to more complete insiglitdo the complex relationships between predators and
primatesin the rainforests of Madagascar

The 2007 UCN Red List of Threatened Species shows a downward population trend for all rainforest
carnivores in Madagascar (Table 0. feroxandEupleres goudotare considered endangered by the
IUCN andF. fossana, G. eleganandG. fasciataare considered vuémable. All Eupleridae species are
listed as declining due to habitat loss or degradati@rferoxandG. elegansre also known to be
harvested at unknown levgl)JCN 2006) As for the twelve lemur species that occuthi@ southeastern
rainforests of Madagascar where this study will be condudteN lists two as criticdy endangered
(Hapalemur aureus, Hapalemur simad three as endanger&th(ecia variegata variegata,

Propithecus edwardgformerly P. diadema edwardgiandDaubentonia madagascariengigable 2,

IUCN 2007).

Literature Review and Malagasy CarnivoreSpecies Accounts

To date, only shotterm or rapidassessment studies of Malagasy carnivores have been conducted in the
eastern rainfores{fRRasolonandrasana 1994, Goodman 1996, Dollar et al. 1997, Dunham 1988, Dol

1999b, Dollar 1999a, Goodman and Pidgeon 1999, Goodman et al. 2@0®jterm research studies

have thus far centered in the westerndegiduous forests ardve onlyfocused orC. ferox(Hawkins

1998, Dollar 2006) There are limited peaeviewed journal articles available that address Malagasy
carnivore ecologyRasoloarison et al. 1995, Goodman 1996, Goodman et al. 1997, Wright et al. 1997,
Goodman and Pidgeon 1999, Goodman et al. 2003, Britt et al. 2004, Hawkins and Racey 2005, Woolaver
et al. 2006, Hawkins and Racey 2008)atural history accounts andmpee reviewed publications are
alsoavailable, bugrestill relatively few(Rand 1935, Albignac 1969, Albignac 1971;1973, Albignac

1975, Rasolonandrasana 1994, Dunham 1998, Dollar 1999b, Dollar 1999a, DdllaB&tGet al. 2001,
Goodman and Benstead 2003, Dollar et al. 2007, Karpanty and Wright 200 8judies havaddressed
absolute population parameters or habitat associations of Malagasy carnivores in the eastern rainforests.
Dollar (1999b) Dunham(1998), and Kerridge et al. (2003arnivore trapping effostand subsequent
radiotelemetry studie<C( ferox 1-yr, 2 adults trackeds. elegansll trapped, 7 tracke#. fossana22

trapped, 4 tracked) were theost receneffort to specificallystudy Mdagasy carnivore ecology in the
easternrainforestsT he over al | paucity of published infor mat
accurate representationtbie state of knowledge of these species.

C.feroxi s Madagascar 6s | averggmga total length of k4t nr aindighing6.pkg.c i e s
It ranges throughout all forest tygpen Madagascahut is only known to occupy intact or undisturbed
forests(Hawkins 2003) Ha wk i ns 6 -einBs@udy )n the western ddeciduous forest is the most
informativeresearcho date orC. ferox Shespecifically asessed horm@nge size, densiignd dietof

C. feroxin Kirindy Forest While C. feroxwas known from natural hisry observations to be a
formidablelemur predator, Hawkinslemonstrated that motiean 50% ofC . f dliet & xéde up of

lemursin the western fores{$lawkins and Racey 2008Dbservations across Madagascar have revealed

a great number of teur species fall prey tG. ferox(Table 3. Analyses of capture data and



radiotelemetryocationsshoweda mean homerange of 1487 and a density estimaté 0.24
individualy/km? (Hawkins and Racey 2005)

F.fossana s Madagascar o6s second | argest endemic carniyv
weighingapproximately 1.6 kglt is only known to occur in the eastern rainforestssarmbrian@one

and is believed not to occur in secondary or disturbed hafitatsdge et al. 2003) Currently, there are

nodensity estimates d¢. fossana.Kerridgeet al. 003 trapping and subsequent radiotelemetry study

estimated their homerange to®673to 0.552km?’. Although no density estimate was calculated,

Kerridge remeks that 22 individualsvere trapped i kn? of rainforest habitatKerridge et al. 2003)

Scat analyseshowno lemur remainsThe largst portion of their diet (60%) is made upasthropods

with 33% of their diet composed of vertebrates spdgeodman et al. 2003)

G. elegansgs the most conspicuous of the Malagasy carnivores due to its dnatpitgdand inquisitive
nature. Its totallength ranges from 560 to 670 mm danhdeighs betwee60to 1085g (Dunham 1998)
Thereare no absolute density estimatéss. elegansbut observations indicatbey have fairly high
densities. Dunhamcaptured 12ndividualswith 1,040trap nightsand estimated a density indek37
individuals/knf. Radiotelemetry locations indicated that 11 animals shared approximately Rliice
the other Malagasy carnivorés, eleganss known to live in family groups that oft@onsistof a male,
female, the& most recent offspring, @moccasionally an older juvenile offsprinG. eleganss a known
lemur predator, having been obsereadingCheirogaleus majoandMicrocebus rufugTable 3.

There are two species Gflidictis: G. fasciatawhich occurs in the eastern rainforests @&dyrandidieri
which occurs in the spinyrbsh. G. fasciat® average total length is 857 m®}=50.4 andweighs640

g (SD=105.4).1t is thought to occur in low densities from lowlafiodess up to 1500 m elevation. There
is currently no information o®. f a Jdietjbat ts befieved to eat rodents, reptiles, and small
amphibiangGoodman 2003b)

Almost no quantitative information is available regarding the ecolo@y gbudoti They are generally
believed to occur in northweand eastern Madagas¢altbignac 1972, Garbutt 1999AlthoughE.
goudot has been observed Reanomafana National Parthe camerdrapping pilot study (seEamera
Trapping Pilot Study sectidpelow) did not detect them i#b5 camera trap nights. Their diet is thought
to be almet exclusivey earthworms with some lizards, rodents, and biffisar total body length ranges
from 630 to 880 M (Albignac 1972)

Camera Trapping Pilot Study (2007)

A cameratrapping pilot study conducted by Dr. Sarah Kanty andvVirginia Tech undergraduatéhaz
Crawford fom Julyto August, 2007 has lent many insights to the development of this research project
(Gerber et alin prep). Goals of the jhot study were to: 1) evaluate the feasibility of using camera
trapping in the eastern rainforests of Madagascar, 2) assesgore richnesi a region of Ranomafana
National Park2) determine which Malagasy carnivores are consistently individually recognizable from
photographs, and 3) estimate relative abundances, density, and probability of occupamtiyéuse
sampled eea Forty-three camera stations were placed along the four park trahsysh Ranomafana
National ParKRNP), covering an area of 33.5 kifl00% MCP). A total of 755camera trap nights

yielded 1605 phmgraphs of sixarnivore speciesiossa Cryptopocta ferox) Malagasy CivetKossa
fossana) Ringtailed mongooseRalidia elegany Broadstriped mongoosd=alidictus fasciaty the

exotic Indian civet Yiverricula indicg, and the domestic do@#énis familiaris see~igure3 for photo3.

Photographsvere organized by three metls to allow different analysesidex of abundance, density,
and occupancyAn index of abundance was calculated as trap success for each carnivore (# capture
events/total number of trap nightsjo estimate absolute poputat size, we organized individually
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identifiable speciesHossa fossanandCryptoprocta feroxjnto capturerecapture historieskor patch
occupancy analysegie developedndividual camera site historieg.he most important contribution of
the pilot stidy was the recognition that a camnapping study is logistically feasible in Ranomafana
National Park.Themountanous terrain and lack of roadsill make a parkvide studydifficult, but
certainareas long used by primate researchers ensure tliglfigasf this study Theinternational
research statioGentre Valbio, located adjacent to RN&n provide significant logistic support by way
of Malagasy guides, lodging, electricity, food, storage, and transporta&ieecond important finding of
this pilot study was the realization that there are carnivores in the sampled areas of aimel jpark
significant numbers. Prior to this study, there was no clear understanding what carnivore species were
active in RNP or what the numbers of individualgim be. Discovering 10C. feroxand 38F. fossana
was a surprise to even the letigie RNP researchers.

Copious hours of scrutinizing photographs have demonstratefl. tfesanacan be consistently
individually identifiable by i unique spot pattesr{Figure 4, whileC . f aslight peldge wedand

tear patterns allowed famly a minimum number of identifiable individual83.5% of theF. fossana
capture events were identifiable, while 61.8% of@hderoxcapture events were identifiable;
unidentifiable F. fossanghotographs were due to poor angle and lengthy distance from the cafieza).
two other native carnivore§alidia elegansaindGalidictis fasciatawerenot able to be reliably identified
to the level of individual While strategic canera setup can reduce the number of unidentifiable
photographs vilh poor angle or large distantem the camera, artificiaharkings would be necessary to
positively identifyall C. feroxphotographsWe do not believe that individual markings are Idgaty
feasible for this current project, but they may be part of a letager study in the future.

Important to the occupancy aspect of this study, ptiatly analyses showed threttiverainforest
carnivoregC. ferox, G. elegans, F. fossgrwve ahigh probability of using maintained human trail
systems in tis region of Ranomafana National Pafd&verage site use foative carnivores ranged from
71.9% to 99.9%).Given this high probability] will use themaintained research trails improve capure
or photographic rates

General Methods
The Why?

Understandinghe variation in population density among different spegidsin habitats and within
species across differenabitats is of central importance in wildlife ecold@ndrewartha and Birch
1954, Pulliam 1988and critical to consertin efforts of threatened and endangered specidsere is
perhaps no other questibiologists are asked more frequently thdrow many animals are thee?
Without careful consideration of population dynamics acspesiesandhabitats, conservaticefforts
may be poorly applied, thus delaying species recovEhng fragmentation and degradation of much of
Madagascdr Endscape begs the question of how populations are tolerating forest disturbaercg.e
of a species response is to compare pdjpuatate variables among differing disturbed habitatse
state variableswill comparearedensity, occupancy, habitat use, and activity patterns of the rainforest
Malagasy carnivores among three forest typeslisturbedainforest, selectively loggl rainforest and
fragmentedsolated rainfores

The paucity of Malagasy carnivore data available to conservation aganttieface of increasing

t hreats t o Mada g &she@imaysmotivaian wfrthés IstudiEqually importast ido
more fullyunderstandhe unknown predatiopressurghat Malagasy carnivores exert on lemurs, mahy
which are endangergdUCN 2007,Table2). Until a decade agmonhuman predation on primates was
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considered minofGoodman 2003c)Today, the diversity of predatotisat preyon primates is more fully
appreciatedKarpanty and Wright 2007howevertrue predation pressufiem the diverse potential
predator communitis still unknown Madagascar is the only region in the world where esovores
are importanpredatorof primategHart 2007) By understanding caivore population dynamics,
habitat associationand dief we will begin to understanthe predatiomisk that lemus experience.This
will critically improvethe state oknowledgeusedto protect endangeréemursandaid the development
of theory onprimate social structure, behavior, and evolution.

Population Estimation with Remote Cameras

Camera trapping now widely used as an economical, fiovasive technique for sampling elusive, rare,

or cryptic animalgKaranth et al. 2004)Radio telemetry and other methods of remote sensing have been
invaluable in increasing understandiofgcarnivore movements, home ranges, habitat use and activity, b
are limited in precision anglccuracy of locations and activity readings, and constrained by limited
observer hourg~uller et al. 2005) Plus, samples sizes are generally low, making population size difficult
to assessThe technique of camera trapping has been succesdstiiinating relative abundance and
absolutedensityof several mammalian carnivor@saranth and Nichols 1998, Silver et al. 2004, Di

Bitetti et al. 2006) Despite the initial costs of procuring and setting up cameras, camera trapping has
been recommended as the tragpropriate technique for mammal invent{®jlveira et al. 2003)

Estimating absolutpopulation numbergith camera traps is based on traditional methods using the
capturemarkrecapture of individual@tis et al. 1978, White et al. 1982 amera trappingvas

pioneered in India to estimate tig&apthera tigri3 populationgKaranth 1995, Karanth and Nichols

1998) Since then it has been applied rapidly around the world with other low density, cryptic and/or rare
specie{Kawanishi 2002, Silveira et al. 2003, Silver et al. 2004, Traltkleery 2005) Originally

designed for density estimation, remote camera methodology has also been useful in exploring activity
patternshabitat useand speciedchnesgKaranth et al. 2004, Maffei et al. 2004, Bitetti et al. 2006)
Longterm camera trapping studiesable managers and researchetgattk population changes over

time, to estimatesurvivalandrecruitment, ando provide data for populatioriability analysegKaranth

et al. 2006)

Until recently, themajor limitation of using cameras to estimate absolute populsiies washe
necessity ofinimals to haguniquemarkings or pelageariation so that individuatapture historiesould
be constructed and used for maelcapture analysesHowever, mw methodshat do not rely on known
individuals butratheruse photographic ratés photos/ unit of time)dso known as trap succeshiow
promise(Carbone et al. 2001, Rowcliffe et al. 200@nother approach when individuadanrot be
identified by photographis to use site occupancy to draw population inferences) as distributional
patterns and habitat associatigidaranth et al. 2004)This relativelynew methodology ia
presence/absence model that uses site detection histadies ¢ase biasy incorporatingdetection
probability.

What allows sympatric carnivore ceexistence?

Co-existence of sympatric carnivore species is considered to be possible through niche differentiation
(Pianka 1974) However, the mechanisms and relative importance of dengeasmpetition is little
understood.The difficulty of observing and sampling rare, cryptic, or elusive carnivore species has led to
a dearth of understandimd carnivore interspecies interactionBespite the difficulty, the ecological and
behavioral omplexities of predatepredator interaction are critical to fully understand carnivore

population dynamicand the impact of carnivores on their prey species
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Intraguild competition is often uneven among species, such that it is asymmetrically breesels tihe
larger speciesA larger bodied carnivore may dominate smaller carnivores in three ways: direct
mortality, resource stealingleptoparasitism)and incipient character displacemg@dteel et al. 2001)
Palomares an@aro(1999 found 97 pairs of carnivores in which intraguild predation has been well
documented.Predation in this case is not usually the consumpi@carnivore victim, but merely the
act of killing (Palomares and Car®d9). A study of savannah carnivores showed that lionshgedas
can be significant competitors of wild dogs and thaaguild predatioris a considerable source wild
dogmortality (Creel and Creel 1996)Anotherwell documente@ase ofcarnivorecompetition isfound
amongthe dynamics of wolves, coyateand red foxes in the northern range of Yellowstone National
Park(Crabtree and Sheldon 1999)ith the reintroduction of wolves starting in 1995, Crabtree and
Shetlon(1999)observed a 50% decline of coyote populations in the Lamar Valley/Soda Buttd Hrea
park Recent efforts have shown red faxim the samealley aredisplaced by coyotes at carcasselect
habitat to avoigreferredcoyotehabitat and ae known to be directly preyegponby coyoteqVan Etten
et al. 2007) Without considering the many other large and emmivores of the Yellowstone
ecosystem, it is quite evident that intraguild predation and competition caimipuganteffectson
carnivorepopulation dynamicand community composition

Thoughdifficult to observan the tropicsbecause of the dense structure of rainforests and the logistical
challenges of researdhterspecific competitiommong carnivoremay be no less important.he

intraguild predation model prediogseater competitiorsimore likely when prey density is either low or

of intermediate level@Holt and Polis 1997)Ma dagascar 6 s ,lackmfipteyedid/erditygnd d ma s s
now highly fragmented landscape could lead to a high level of antagonism and competitign amon
carnivores. Assuming interspecific competition among sympatarnivores haleen a significant factor

driving population dynamicsver themillennia, the immediate conservation concésrihe extirpation of

a carnivordrom successive habitat fragmebecause of increased competitisith other carnivores in a
fragmented area with no room for simple displacement.

Currently, therareno datashowinghabitator activity partitioning among the rainforest carnivore
species. What is known hasomefrom natural history accountgeneral observations, and reflections of
morphology of the different specie8Vhether intraguild predation is an importahtiracteristic of the
population dynamics of Malagasy carnivoresngnown, but it is known that intragd predation does
occur. In a recent diet stugdyHawkins and RacegshowedhatMungotictis decemlineata carnivore of

the western forestsvaspresenin C .  f eaat(Havkiss and Racey 2008Additionally, Kerridge et

al. (2003 noted thaperhaps threE. fossanaverepreyed upon b¥. feroxduringher 1999

radiotelemetry studin the southeastern rainforest oéwembe Forest

Study Sites

This study wil/ be conducted in the southeastern
(Figure 1). Sampling will take place at Ranomafana National Park (RNP), located 8'46 47 37' E
and21° 02'to 21° 25' S and lalatsadaemur Forest Camyocated a#7° 19'46 Eand21° 06'55 S. The
43,500 ha national park is mountainous with i@vagion gradient from 40fh to 1374m and contains
lowland rain forests, cloud forests, marshes, and high plateau forests, with ctilyrdr@aving been
selectively logged before the area was protected in (S®@hyBrookUniversity 2007) The climate is
subtropical with average rainfalls of 2,300 to 4,000 mm annudlhe park contains four main ezrch
trail systemghat cover forests dfifferent levels of disturbancandisturbed primary foresValohoaka,
secondary heavily disturbed forest (Talatakaly), secondary slightly disturbed Matsirang and a
mixture of undisturbed and selectively logderest (VohipararaBalko, 1998) Known primate species
that occur within RNP includBropithecusedwadsi, Cheirogaleus majgrAvahi laniger, Varecia
variegata,Microcebus rufusLepilemur sp Microcebus rufus, Daubentonia madagascariensis,
Hapalemur griseusiapalemur aures, Hapalemursimus,Eulemur fulvusandEulemur rubriventer
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Obseved carnivare species inclu@eyptoprocta feroxFossa fossandsalidia elegansEupleres
goudoutiiandGalidictis fasciata

lalatsara_emur Forest Camjs a privately owned 1000 ha isolated rainforest preserve, approximately 25
km northwest of RNPThe reserve is made up of 10 fdresagments, intermixed with shrublgyassland
and agriculture.lt is located at &lightly higher elevation than RNP, ranging from 1@0€ 1500m.
Adjacent to the northern extent of the preserve are Eucalyptus and Pine planfBti®nest of the

matrix surrounding the preserve is a mixture of agriculture and faleigl human dwellingslalatsara is
thought to have been isolated from the continuous tracts of rainforest for approximately 3 hiesars.
represents a significant time period in whibk isolatiorfrom contiguousainforest habitat may have
dramatically changed the biodiversity and biomagbeforest inhabitants, including carnivore and
primate species, in comparison to the larger Ranomafana National Park which is embeddeg itmactar
of rainforest that spans much of the east coast of the iskamolvn primate species that occuraatsara
includePropithecusdwardsj Cheirogaleus majgmMicrocebus rufusLepilenur sp, Hapalemur griseus,
andEulemur rubriventer Observed carnivore species inclu8alidia eleganandFossa fossanal here
have been no recent sightings of eitBeyptoprocta feroyor Galidictis fasciata

Methods for Objective 1:Estimate the abundanceensity, and probability of occupancy/use of
rainforest carnivores iundisturbedainforest, selectively logged rainforest and fragmensedated
rainforest.

Hypothesis 1H,: Traditional markrecaptureanalysesand photographigate density estimatese
congruent.

Ha: Traditional markrecapture analyses and photographéte density estimates are not
congruent.

Sampling

| will systematically camertrap three forest types: pristiumdisturbed rainforesw/@alohoaka,

selectively bgged rainforest (Vohiparara), and an isoldtagimented rainforest patch (lalatsar@jpere
will be atotal of 10months of samplingg months in 2008 and 4 months in 2004l three forest types
will be sampled in 2008 and depending on subsequ@itses threeforest types may bgampled in

2000 by reduced effort at each forest typkeanalyses do not indicate this possibility, only ti@cest
types(the primary forest and fragmented forestl) be sampledn 2009. This sampling scheme will
allow comparison of the three forest types in the first y@anjnimum oftwo forest types in the second
yearanda minimum oftwo forest types across yearsll sampling will occur generally in the dry season
(JuneDecember) and more spéacilly across twanicro-seasonsdry-cold (JuneAug) and drywarm
(SepDec).

The selectively logged forestnown as Vohiparara will be sampled fiirs2008 Vohipararais located
just north of the Centre Valbio research station, allowing all operations to be conflostétbadquarters
(Balko 1998) Data collection is schiiled from June to August, 2008 he prigine-undisturbed
rainforest study are&nown as VBhoaka will be sampledrom August to October, 2008 ddune to
July, 2009. This site is located approximatehkimh from CentreValbio via a well maintained research
trail. Operations will be based at the Valohoaka research aahigh isknown to have frestvaterfor
camp logistics The isolated rainforégragmentknown as lalatsaraill be sampled from mi@Dctober to
early December, 2008nd July to August, 20090perations will be based out of the private res@rve
tourist lodge.
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Each forest type will be sampled followistandardizegirocedures.A minimum of twentyfive camera

stations will be deployed in a systematic grid with a random starting point to ensure sampling units
(camera sites) are located randoifgge Fig Sor graphic description) The random starting point will be

a minimum of 800nirom eachresearclitamp in asystematicdandomdirection (to ensuréhegrid is

located within the protected are&pecific sampling sites will be loosely planned by GIS evaluation, but
only definitive afterchoosing the most appropriate sites withi2ban target radius of each planned site.

having scouted the sites on the grouiid.increase capture rates, | will use maintained research trails

when possible and correcting for bias with covariate data, such as on or offgedndary non

permanentrails will be used between camera stations to aid logistic operat8ampling stations will

consist of two independently operating carieegps mounted on opposite sides of a trail and facing each

ot her . This will al | ackarmalfittua mambigueusly idehtifyingpt h  f | ank
individuals in recapturesExact camera setup, such asalise of cameras from each otheit be suited

to maximize photographic rate€ameras will be set to date and time stamp photographs to provide

activity patterns of t(Diditetli et alp2006)rNend gpica Deer@eanl (XC300)

cameras werehosen because bfh i s  pesgve ihfiared detection, ease of setup and operation, high
percentage of amal photographs under test operationthe lab(Swann et al. 2004nd in the lab

(Kelly and Holub 2008)andcomparatively low cost. DuetoNdny pi cal 6 s di sconti nuati
DeerCam line, we will suppment withRecoryx PC85cameras.Camera theft is not anticipated, but
malfunction and breakdown is unfortunately inevitabMaproximately twenty replacement cameras will

be available upon initial startufCameras will be place2Dcm above the ground @set to be active for

24 hours/day with a 30 second delay between consecutive photographs. Cameras will ideally be checked
every10days to ensure continuous operatidnrigid schedule of battery and film replacement will be
employed. Camera batterig@A & 9V) will be replaced on average every twerightdaysor sooner if
batteriesare draining more quickly than expec{dl Kelly, personalcomnunication). Film use at each

camera site will be monitored to judge whtis necessary to pudnd replaefilm. Film will always be
pulledand replaced with a new rdllthere are greater than 27 of 36 exposures.

Camera Grid Details

Despite the rapigxpansiorof camerarappingin wildlife studies,there are still numerous unresolved
criticismsof this technique Oneconcernis how to best estimathe effective sampling argahich isthe
driving forcebehinda density eimate Thetraditional methodlevelopedor smalkmammal studiebas
beento bufferthe trapping grid withz2 MMDM ( onehalf themean maximum distance moved between
camera stations surrogate for homeange radius).Camera trap spacing known to greatly affect
measuresf MMDM and thus density estimatéStickel 1954, Tanaka 1980, Wilsand Anderson 1985,
Wegge et al. 2004, Dillon and Kelly 2007Most recently Dillon and Kelly (2007)showed that ocelot
density estimates were negatively correlated with distance between camera stdtionggh Tanaka
(1980 foundthatthis spacing basis greatly reduced when individuals are captured sixane times,
low density speciesuch as the carnivores that | propose to study are often not captured at this high
frequency

Due to thampactthatspacing decisions have on density resultgve decided on two paths to minimize
bias. First, | have spent considerable effort tdaln@e sampling needs, logistionstraints, and the lack of
concrete quantitative evidence of Malagasy carnivore spleoiegrange estimates to develop a spacing
that is likely toachievethe goals of this studySecond, | will analyze the data (detowing density
analysesection) with a relatively new maximum likelihood method that explicitly accounts for the
spatial nature of this mattecapture study desidBorchers and Efford 2007)This approach does not
depend on ad hoc estimatdshomerange, such as MMDM.
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Grid design has been optimized specificallyFofossanaas it is the only carnivore that individuals can
be reliably identifiedrom photographs. Whil€. ferox the largest Malagasy carnivore is likely to be
under the gratest danger of population declines and the greatest threat to lemurs, individuals cannot
reliably be identified from photographs. Secondly, the camera grid design ne¢esgacgmera spacing
O 2k irfor #his widetroaming carnivore is not logasily feasible at this time. | still hope to
estimate population state variableofferoxand otherffocal rainforestarnivore speciefs. fasciata, G.
elegans, Egoudoti) with a nontraditional density estimator and occupancy (Eaele 4 density
analysesand occupancyAeanalysissectiors below)

I will establish a5*5-point camera grid with 0.Bm spacing between grid points and a random point of

origin for sampling at each studyea(Figure5). A camera spacing @.8 kmwill be employed to
encourage no i ho l-grd &n othar wohds, no indinidudt. fossanghat useg the

trapping area has a zero probability of detectiBight-hundred meters was decided upon by evaluating
among the uncertain estimates of heraege radis from the 2007 pilot studygingMMDM as a

surrogate for homeangg, a single radidelemetry studyf F. fossanan the eastern rainforestand

natural history observatiorfKerridge et al. 2003)Based on the best available data and a balance

between saturating the grid to ensure no individuals have a zero probability of detection and covering the
largest geographical area feasjhdlbelieve this grid will provide reliable result€ontrary to most
cameratrapping studies, | will usa0.8 kmtrue walking distance between camera stations, rather than
linear map distanceThis will incorporate the reality of the mountain terrain iea #ampling.Not only

will a true walking distance aid logistic operations, it is nawesistentwitta t er r est r i al ma mm:
worldview.

A spacing o800 mbetween 25 camera stations translates to a trapping area of(Eéume 5. This

will sample ararea of approximately 3B. fossanehomeranges (based on a mean hemrarge radius of
400m); well above the recommendation of greater than 4 hamges by Maffei and Nog2007). The

800 m camera spacing will also encourage site independence to greptnhate occupancy &alidia
elegansand most likelyGalidictis fasciata Ga | i d i a homérangeahars Haen consistently estimated
between 20 and 25 f@&oodman 2003a}hus a mean radius of 268 Although tere is no homeange
informationavailableon G. fasciata their small body size is likely to indicate a sraaiomerangethan

the other species mentioned he@amera stations will be maintained at each forest type for a minimum
of 40 nights to obtaia trapping effort of 100@apnightsper study areaas recommended by simulation
modeling by Carbone at. (2001).

Density Analyses:

| will use three different approaches to estimating density: 1) traditionatmeakbture analyses with
bufferedcamera stations B MMDM to determine effective sampling ar@&aranth and Nichols 2002,
Silveretal. 2004) 2) Bor c her 0 s spatallg exfi¢it maximdnrlikelihdo@ rieth@dd) and
3) Rowcliffe et al. (2003)-2limensional gas model. Each method along with its benefits and
controversies are described below.

The two opposing cameras per s tnmalthatpassesthrbuphaficapt ur
camera site, thus allowing for unambiguous identificatioR.dbssanay its unique spot pattern.

Capture histories will be developed for each individual, so that a capture during an individual occasion

wi || be r ebc, o rwlheed -eaasp taa riialo wi | | be a fA00. A capture
that an individual animal was caught on sampling occasion 3 afdporal capture histories of each

individual will then allow the use of capturecapture analysis. Wi many carnivore capturecapture

studies, a single day is often inappropriate as a sampling occasion given capture probabilities are
recommended to be above 10% per occa&is et al. 1978, White et al. 1982) will use the

traditional method of combining the necessary successive days as one trapping occasion (Kslt, pers
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communicatiopto achieve an adequate captprobability for analyses. Although data manipulation is

not preferable, collapsing multiple days to a sampling occasion still maintains the original data structure
and also makes it possible for software packages to produce precise estimates.oV¥éitidyildata it

was necessary to collapSe feroxcapturehistories so each sampling occasion was tbese, whileF.
fossanacapture histories only needed to collapse todags. Contrary to the i study,this study will

not use bajtthus more dgs will likely be collapsed to a single sampling occasion.

Given adequate sample size, | will evaluate eight a priori models with full closed eegatapéure with
heterogeneity in program MARRKNVhite and Burnham 199%) make use of model selection with AIC
(Burnham and Anderson 1998Models include: null, heterogeneity (2 mixtures), time, behavior-(trap
happy or tragshy), and mixed combinations My, M, Mp, Mpn, M, My, Myr). FOr comparative

purposes | will evaluate treame models in program CAPTUREexstad and Burnham 1991)hich has
traditionally been the workhorse objpulation estimation with low sample sigéaranth and Nichols

1998, Silver et al. 2004, Wegge et al. 200@APTURE will be solely used for analysis if sample sizes
are not adequate to properly evaluate modgsagram MARK. Preference is given to program MARK,
as CAPTURE uses a discriminate function model selection algorithm that is not considered to gerform
well as model selectiofStanley and Buimam 1998) Given that a single fnbest
achievable, the AIC modeling paradigm allows for memedraging to incorporate model uncertainty

thus reducing bias. This approach is not available with program CAPTURE.

To make proper use ofased population models, we will assume demographic and geographic closure.

The short sampling periods (maximum 60 days) rela
most likely not violate the demographic closure assumption. However, gaagctosure, especially in

contiguous habitat is much more difficult to attQiilson and Anderson 1985)Although closure is best

evaluated biologicallyOtis et al. 1978)an objective statistical test is still valuable. | will employ three

methods to test our closure assumpths no one method is robust for all scenarios. First, | will use the

Stanley & Burnham closure test in program CloseTest that tests a null model allowing fep&ioific

variation in capture probabiliti€gStanley and Burnham 1999%econd, | will use Otis et gl1978)

closure test in program CAPTURE that tests a null model allowing for heterogeneity in capture

probabilities. Third, | will test the closure assumption by a likelihood ratio test between a constrained and
unconstrained Cormaelolly-Seber (CJS) model program MARK(White and Burnham 1999)The

ClS model will test the closure assumption by comp
versus a closed population model. If survival is equal to one then we assume that the closure assumption

is not violated If the three tests are incongrudnill rely more heavily on the results of the Stanley &

Burnham test, as it found to be more robust than the Otis et al 1978 test and providegdietail
subcomponerinformation suchasevidence of losses from the populatibata likelihood ratio tet in

program MARKdoes not providéStanley and Burnham 1999, Boulanger and McLellan 2001, Boulanger

et al. 2004)

Traditional Density EstimationTo estimate density df. fossanal will divide the estimatedbundance

of individuals in each study area by the effective sampling area. Density variance will be calculated
following the methods of Karanth and Nich¢2002. There is still much debate as to how best estimate
effective samphg area when homeng data areinavailablgSoisaloa and Cavalcanti 2006, Maffei and
Noss 2007) | will estimate the effective sampling area in two ways: 1) following the convention of
including a buffer around each camera station with a radius based timehalean maximum distance
moved (1/2MMDM) by each individual among multiple captures during the survey and 2) full mean
maximum distance moved (MMDM). The MMDM approach was adopted from small mammal trapping
studies as a surrogate for a heraage radig(Dice 1938, Wilson and Anderson 198but the

application to large roaming carnivore species is still uncertain.
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Rather than buffering a trapgirgrid polygon(Karanth and Nichols 1998)he above method does not

havet o assume there are no fholeso or areas with a
where cameras are not perfectly spaced due to GPS error or logistical constraints, buffering each camera
station with MMDM allows a more precise areéireate by not including area that is considered not
covered, thus relaxing the no Aholeso in the grid
related error that is possible when a minimum convex polygon is used to fit spatially distpibintsd

Depending on the software program, the fitted polygon to the points can be quite different, resulting from
the software architectds method of writing the po
ani mal damge that naa besed to buffer, it is best to standardize the procettuadiow

comparisons across studies

Program Density: F. fossanaill also be evaluated by a maximdikelihood method that frees the
analyses from relying on the controversial MMDM method. Prodd&NSITY uses a spatially explicit
maximumilikelihood method to estimate density from captigeapture data. This approach uses the trap
locations of each individual animal detected to fit a spatial model of the detection process to obtain
estimates thadre unbiased by trappirgyid edge effect§Efford 2007)

2-Dimensional Gas ModelThe third density estimate does not rely on individually identifiable species

and thus will be applied to all carnivore species. The method of Rowcliffe(20@B uses a two

dimensioml gas model to correlate photographic rates (photographs per unit of time) of a species to a
density estimatéRowcliffe et al. 2008) This long used model in physics and biology assumes a circular
zone around a stationary object witbraaller specific contact area. For carAgegping purposes, the
stationary object is the camera, the moving object is the animal or animal group, and the contact area is
the wedged shaped detection zone of the camera. The key to correlating dehgtyotagraphic rate is

to accurately estimate the average animal group size, day range of each species, and camera detection
zone. The assumptions of this modeling technique include the following: 1) unbiased camera placement,
2) closed population statu3) unbiased model parameters, 4) independent photographs, and 5) animals
move randomly in a similar fashion as ideal gas particles. If these assumptions are satisfied, an unbiased
estimate of density can be quickly achievable. Although the last asearigptinlikely, the model has

still been shown to approximate the detection process with no obvious bias in density estimate in a natural
setting(Rowcliffe et al. 2003and an enclosed animal pgRowcliffe et al. 2008)

The simplicity of this model ni@s it very useable given that the model parameters are obtainable without

bias. Additional field work will include estimating the detection zone of each ceanagra Group size

and day range will be evaluated from published studies and personal corminnigth carnivore

researchers who have unpublished data (e.g. Dr. Frankie Kerridge, Dr. Luke Dollar). Presently, an
undergraduate student (Kyl e W&tfaoxranyingidatafrbmtwo Kar pan
animals that were captured, co#ld, and followed for ongear in RNP from 1998999. Day ranges will

also be evaluated from allometric estimates for compafiSarbone et al. 2005)

Density estimation of. fossanay the intensive markecapture analysigill be compared to the

relatively new 2dimensional gas model to see if they are congruent. If relatively precise and congruent
results are achievable using photographic rates analyzed witkdiheeBsional gas model, an efficient,

low cost carnivorelgveying method would be available for monitoring purposes in Madagascar and
other regions of the world.

Occupancy/Use Analysis
There haveecently been considerable developments of a general statistical and methodological approach
to estimating occupay (presencebsencer detection/nofdetection as a population state variable

(MacKenzie et al. 2002a, Nichols and Karanth 2002, MacKenzie et al. 2003a, MacKenzie 2005b)
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Occupancy uses repeat surveys at a site to estimate detection probaditityis incorporatesicertainty

into the determination of preserabsence. A major benefit of this likelihebdsed method is that its
flexible framework allows for missing observations and covariate information to be incorporated into the
occupancy analyses. Sitend suvey-specific covariate information can be useful for modeling
heterogeneity of estimates as well as investigating habitat associaftithile. population abundance
estimators (e.g. maftecapture and distance analysis) have had a long history of incangatetection
probability, presencabsence studies have not had this record. The shift towards incorporating the
detection process in preseralasence studies, better known now as detectimuetection studies is
considered a step towards producing aemeliable and robust methodology.

A common criticism of traditional presenabsence studies is that even when sites are repeatedly
surveyed, there is no assessment of when an animal is truly absent, rather than simply undetected. This
can be espedig important when detection probability is extremely low, as with-tieasity and/or

elusive species such as the carnivores that are of interest in this study. A second criticism is the
interpretation that higher records of animal presence in Habitadiéate a greater use of that site in
comparison to Habitat B which has fewer records of presence. Without incorporating detection
probability in this comparison, true habitat associations may be blurred by a higher detection probability
in Habitat A, raber than by @reater use.

Patch occupancy estimation will be useddthispeciesbut is most important for those spediest

cannot be reliably individually identified by photograp@s ferox G. fasciata, G. elegan&. goudoti.

C. feroxoccupanyg estimates will be interpreted as the probability of use of a site, as camera sites are not
appropriately spaced for this widanging carnivoréMacKenzie 2005a) Occupancy models are based

on detection histories of each sample unit, @, sdather than individual capture histories. As with mark
recapture, incorporating detection probability into the models is the key to making accurate inferences.
Occupancy modeling estimates detection probability from the patterns of detection adelewion

from each camera station. Program PRESEN@&cKenzie et al. 2002b, MacKenzie et al. 20081h)

be used to select the appropriate model to compute parameter esti@atapancy estimation is a
relatively new methodology, but one that has already been successfully used with camera trap data on
tropical forest mammald&awanishi 2002)

The pibot study datawere s ed t o better understand the potenti al
occupancy estimation. However, the incongruence of baitinggeetthe two studies makempossible

to use exact numbers from the pilot study in poarmalyses. | investigated multiple scenarios of

detection probabty, occupancy, andtandard errors with the program GENPRES. One important

finding from the pilot study was thamany rainforesMalagasy carnivorefC. ferox, G. elegans, F.

fossandhav e a decent det ect i on0.4 and dxtaemeély highropabilityhoksite b ai t e o
usewhen sites ar e |008).aCGossideringmetectioraprobability(wdl be.retiiced by

not baiting in this proposed lofigrm study, | hope tobtain somewhat congruent detection probabilities

by running sites longer than the pilot study (e.g68@ays in proposed study versus28days in the

pilot study). Alsonot allsites will be placed directly on maintained trails, which will mosik

decrease the probability detectiomat each siteOccupancy probabilities that are particularly high make

it difficult to evaluate site differences that affect occupamuy detection probability. In modeling with

GENPRES determined that if | saphe 25 sites witlan occupancy probability of Odnd a probability of

detection of 0.4 for 10 surveys (0.1 for 40 surveys), | will obtain an adequate standard error of 0.1 for
occupancy and 0.04 for detection probability.

Trap Success

An index of abundnce will be calculated by trap success for each species (# capture events/total number
of trap nights). A single capture event will include all photographs within a 30 minute fIeriBdetti
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et al. 2006) Trap nights will be calculated as the total number of completiede4 periods that one of

the two cameras are functioning with remaining exposures. | will calculate trap success for each species
by camera station as well as an average for each forest\ypiée the use of uncalibrated photographic

rates as a correlate to local abundance remains contro\{@arabne et al. 2001, Carbone et al. 2002,

Jennelle et al. 2002, Rowcliffe et al. 2008) the very least imay provide an indication of activity level

in the different study areas. Whil e Rowcliffe et
new model for density estimation, they subsequently provided considerable evidence for the use of trap
success as an index to abundance. Figure 2a in Rowcliffg(20@8) shows a linear trend between trap
success and census density with%of 69% Reporting trap success outcomes to park managers on

target (e.g. native carnivores) and #target speies (e.g. dogs and human forest users) will also be an
important outcome of this study as it is easily understandable and can be represented in simple graphics to
show variation in different regions of the national park.

Objective 2: Compare populatiostate variables of rainforest carnivore species agimee study
areas to examineffects of forest disturbance and-egistence relationships.

Hypothesis 2H,; Car ni vor e s paadoccaparicy/udde mosdiffér aneosg pristine
undisturked, selectively logged, and isolatiEdgmented rainforest sites.

HaCar ni vor e s paacoccaparicy/udddfer amomngipristnaindisturbed,
selectively logged, and isolatéhgmented rainforest sites.

Comparing Forest Types and Evaluating Carnivore CeOccurrence

The camerdrapping grids at the three study areas, which encompass three levels of forest disturbance as
described in the Studreas section of this proposalill provide the data needed to compare gapon
parameters across these areas. Density, trap success, and occupancy/use estimates will be compared
among the three study areas with little or no overlap of standard errors indicating a significant difference.
Precise estimates that have consideratdndard error overlap will indicate that past selective logging

and fragmentation have no influence on presiayt carnivore population state variables. Habitat and
landscape features will also be compared among the study aréidlsncorporate haltat variables into

models to explain density, occupancy/use, and trap success at each site to see if important covariates
differ between sitesCarnivore ceexistence will be investigated by comparing the patterns of density,
occupancy/use, trap succesnd activity patterns among the study areas. For example, the possible
extirpation ofC. feroxfrom the isolated rainforest fragment (lalatsara study area) may result in an
increased abundance of mesocarnivores as a result of decreased competitmhdodfbabitat

resources. | describe my plans for analyzing activity patterns aodocwrence of species with trap

success and occupancy in Objective 3.

I will explore micro- and macrehabitatuseand activity segregation of the Malagasy carnivoreisgduy

three methods. First, | will use thespecies model in Program PRESENCE to test if two carnivore
species are observed together more than would be predicted by an assumption of random association,
while incorporating detection probdibi as a parmeter Second, | will use SAS to evaluate co

occurrence with a contingency table-sljuare analysis of na occupancy estimates. Thitdwill

evaluate the 24r activity patterns of each carnivore species to determine if temporal segregation may be
animportant factor in their coexistence. Specifically, | will describe the activity pattern of each

carnivore, assess overlap or segregation of activity patterns between species, and determine if certain
environmental and anthropogenic factors may inflegmeriods of activity. Despite the importance of
activity pattern, reported information for most Malagasy carnivores is based on historical reports or
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studies of limited sample size and/or duration that often conflict in the lite&tavekins 1998, Dollar

1999b) For example, whil€. feroxwas originally reported to b&rictly nocturnalit has more recently

been descbied as cathemeral in the literat@Dmllar 1999b, Colquhoun 2@, with one study claiming

that O6Fossa activity (MealdnsandRackeyf2808)tineodr pilbtgtudy, wene of da
found that most photographs ©f feroxwere taken at night, but we did record active individuals during

daylight hours asvell (B. Gerber et al. In Prgp

Methods for Objective 3: Examine the relationships amoagrnivore population state variables
and habitat features @ss and between each study deeg. climatic conditions, landscape
characteristics, microhabitat features, lemur abundance, and human activity)

Hypothesis 3H,: Carnivores show no associati with macro or micréhabitat characteristics within or
across study areas.

H,: Carnivores show associatismith macro or micrehabitat characteristics within or
across study areas.

Micro - and Macro-habitat Sampling

My study dsign conforms to sampling design |, sampling protocol C of Manley et al. (2002). | will
evaluate habitat use at the population level by comparing used veragsdinamera sites within and
across the three study areas. | will measure habitat at twas staimacrdiabitat or landscaplevel

features will be evaluated through geographic information system analyses, and 2)ahitabor site

level features by sampling at each camera site. Currently, | am limited by the availability of landscape
level GIS data for macrbabitat analyses. | am working with lebgym researchers in RNP to obtain

more indepth GIS layers (e.g. satellite imagery of land cover). Landscape level metrics currently
available to me include: 1) village locations and populaggtimates around RNP, 2) the location of the
main highway and Namorana River that runs through RNP, 3) locations of the main trail systems, 4)
National Park boundary lines, and 5) digital topographic contouring of a subset of the park region. While
in Madagascar from Maypecember 2008, | will purchase the most recent available maps for the study
areas from the national mapping center in the capital city of Antananarivo and will meet with
Conservation International Madagascar researchers to obtain thaprosiate satellite imagery for the
study area

The micrehabita scale will be defined a300m diameteicentered om camera station site (Figuse

Tree density will be measured with the Pali@ntereeQuarter (PCQ) methodrl his method can be
efficiently accomplished in the field and is likely to obtain reliable total plant defhsiggins et al.

2005) Diameter at breast height (DBH) will be measured for each sampled tree to allow basal area
estimation. Canopy cover at low, middle, and high canopy levels will be measured by thetpaiapt
method. Elevation will be nasured using a GPS. To ensure precision, GPS coordinates will be set to
average 100 point estimates for location and altitude. Slope and aspect will be measured to better
understand topographic features that may influence carnivore habitat use andrdetebability.

Distance from the camera station to open/running water will be nmesheiith a tape measure up to 150
m. If open/running water is not apparent in the mitabitat site measurements, it will be categorized as
greater thad50m.

Lemur Sampling
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With many carnivore species, prey density is often the strongest determinant of carnivore distribution and
density(Carbone and Gittleman 2002yVhile this is not specifically a predatprey study, it is of

significant interest to understand if carnivores are spatially orienting around high lemur deBsitfes.

C. feroxandG. elegansare known to preyponlemurs (Table3). Past research has indicated tGat

ferox the largest extant Malagasy carnivore is a significant lemur pre@ditht et al. 1997, Wright et

al. 1998, Hawkins and Racey 2008&). feroxstuded in the western dry forests have been shown to have

a diet made up of 90% vertebrates, of which more than 50% were I@dawkins and Racey 2008)

To obtain a lemur density estimate for each study area, | will use a distance sampling [sorvagha

(Buckland et al. 2001)Transects will be each column or row of camsefd kralong, see Fig. bin the
cameratrapping grid and a survey will be each occasion a camera row/column is checked. If each camera
is checked on average every five glathis would mean 10 surveys would be conducted per transect
(assuming a grid is active for 50 days). As the primary concern in the field is to check cameras, lemurs
off the trail will certainly be missed. Program DISTANCE will be used to incorpordgteation

probability function to correct for unobserved lemurs. Research technicians will be trained to focus their
attention so that no lemurs directly on the transect are missed, as this is a key assumption of distance
estimation. The Malagasy resdatechnicians are experienced research assistants with many years of
studying lemur populations, so we expect fairly high detection rates at least for diurnal species. While a
sample of 30 observations per lemur species is useab8f) 60servations isesired(Buckland et al.

2001) When a primate is sighted, the location of the observer on the grid (which will be GPS

referenced), the compass bearing and distance to the individual or middle of the group, and the number of
individuals in the group Wlibe recorded. Date, time, observer names, and number of observers will also
be recorded. To minimize bias of the distance estimate, the distance will be recorded diefinpie

distance groups. Research assistants will be trained in distanceiestiadhe start of the field season

before any data is recorded for use in analyses.

If sample sizes allow, | will subset the camera trapping grid at each study area into 2 or 4 sections to
evaluate if there is higher occupancy/use of particular isitéds grid by each carnivore that may be
correlated with variation in lemur densitieRecognizing that many lemur species are nocturnal and/or
hibernate during the austral winter, it is likely that the medium to large diurnal lemurs will be the only
speies that will produce reliable estimates. | expect to achieve relatively precise estimates for
Propithecus edwardsiEulemur fulvus fulvysandEulemur rubriventegvhich are known prey species of
C. ferox If the sampling schedule allows, | will condd€ nighttime spotlighting surveys at each
sampling grid. Transects will be randomly chosen and walked on nights without Taimroduce
comparative results, all lemur surveys will be segregated to the austral wint€dt)uthus Valohoaka
and Vohi@rara will be surveyed in 2008 and lalatsara surveyed first in 2009.

Human-Use Sampling

Carnivores around the world often do not have a positive relationship with huimahg. absence of

proper policy and enforcement, there has historically beamifisant correlation between high human

densities and carnivore species extinction r@tésodroffe 2000) For exampl e, in I ndo
al. (2003) found that Sumatran Tiger abundance and habitat loss were significantly correlated with human
density along the periphery of a protected d€8rien et al. 2003) Parks and Harcourt (2002)

conducted a metanalysis that showed a significant correlation between extinction rates of large

mammals in protected areas and local human density, but surprisingly not with the amount of protected

area. Thesfindings indicate that for some mammals, the activities around a protected aatiessgpf

the size of the arezan still have a significant impact on large mammal population dyndRecks and

Harcourt 2002)
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Whether via direct killing of carnivores through boustar alteration of the landscape, human activities

strongly influence carnivore populations. While the United States has gesdulyed, although not

eliminatedits predator bounty programs, there are still many large and-cagsivores that are

systemai cally killed each year by the U.S. Depart men
realization that carnivores play an important role in maintaining community structure, integrity, and
biodiversity(Crooks and Soule 1999, Terborgh et al. 1999, Berger et al. 2881¢d to increasing

support of carnivore conservation and reintroductions worldwide. Rainforest carnivores are actively

killed outside of the forest as well as baited to traps in the fdyesause of their tendency to raid

domesticated fow{Kerridge et al. 2003)

To capture the use of each camera station by researcheiststcand local people, | will use the
photographic record to determine human trap success and use versus @ihes@dices of humans in
the landscape (e.g human density, number of and distance to villages, number of households within
villages, disance and density of roads) will be correlated with each camera station site and study area
using GIS analyses.

Within -Site Analyses of Micre and Macro-Habitat Features

I will use linear regressioof habitat characteristics across a study areatagheech c h car ni vor ed s
success within a study area. | will correlate miemad macrena bi t at variables, ot her
trap success, and human tsyrcess witlcarnivoredrap success as the response variable. After

evaluating univariate odels, | will subsequently build multivariate models to examine interactions and

additive effects among variableddditionally, | will use micre and macrehabitat characteristics as

covariates with occupancy/use of humans and each carnivore to exaenprettability of occupancy of

each carnivore species at a given siteill input variables as covariates in the program PRESENCE to

evaluate additive and interaction effects among variables deemed important. A priori hypotheses include:
1)C. f erobabilify ef use and trap success will increase the further from human development, and as
canopy cover and shrub cover increase$.2leganss expected to have a higher probability of

occupancy and trap success closer to open water, and incressealouman development; G)

f a s c iprabaldity ef occupancy and trap success is expected to be generally low and decre@se with
feroxprobability of use, and 4 . f o slensity) prdbability of occupancy, and trap success is

expected to be gh throughout all study areas and camera sites.

Optional Objective 4 and Methods: Quantify the diet of. feroxand the mesocarnivores (if
scat is identifiable) in the austral winter.

Hypothesis4H,,C. f er oxds r ai nf or dahe dryddcidwots fodest dist oranoong di f f er
undisturbed rainforest, selectively logged rainforest, and isolfraagimented
rainforest.

Ha: C. feroxbés rainf or @ecituous foredt dieddndamengs f rom t h
undisturbed rainforest, settively logged rainforest, and isolatédgmented
rainforest.

As thisoptional objectivé s not t he main purpose of t Bkillsandst udy,
scheduleto accomplish this taskScat analyses often take a considerabbeunt of time, thus the
completion of this objective may not align with my thesis timeline.
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Sampling

The diet ofC. feroxand the mesocarnivores (if scat is identifiable) will be determined through
opportunistic scat searches and subsequent fecal msnaljiee eleven scat samples collected during the

short pilot study in 2007 demonstrated the feasibility of locating scat in the rainforest and the possibility
of collecting enough samples to make statistical inferences about carnivore diets in thestaifffoese

scat are currently being analyzed by our collaborator. While research technicians are checking cameras,
sampling habitat, and generally moving through the rainforest, scat will be collected when encountered.
Multiple scats will be consideredsingle sample if located within 3 meters and similarly weathered.

C. f eaqatdasxdnsidered uniquely characteritlawkins 1998, Dollar 2006nd is not likely to be
confused with any other scat. They are described as black or gray cylinders with twisted ends, usually
consisting of 1 or 2 cylinders and typically-18 cm long and 1-2.5 cm wide. There are often

noticeable amounts of hair in the scaCofferox Fresh scat can also be determined by its strong musky
odor. Each scat will be collected, bagged, labeled with location and time, dried in a drying oven at the
Centre ValBio research statiand stored in a cool dry area.

Scat Analyses

Scat analyses will be coordinated with Dr. Kathleen Muldoon at Dartmouth College and possibly Dr.
Steven Goodman at the University of Antananari8cat will be analyzed by first separating fur, teeth,

ard bone fragments by autoclaving or soaking. Osteological and fur material will be compared to a
reference collection at the University of Antananarivo to identify remains to the most precise taxonomic
level. Pairing of right and left osteological elengewill allow us to calculate the minimum number of
individuals in each scat. The minimum number of individuals will be corrected for relative frequency of
prey, as a large prey item may be found in more scats than a small préaekins and Ragy 2008)

Expected Outcomes and Measures of Success

| expect to find that the population state variables of each carnivore species will differ between the two
RNP rainforest study areas and the isolatadforest fragment study area at lalatsara ReitReservel
suspect that the density ©f feroxin the rainforest will be lower than what has been documented in the
western deciduous forest studietagvkins and Racey 2005) predict that 1. feroxandG. fasciata

will be absent from the isolatéchgment as they are hypothesized to be the least tolerant to human
disturbance, 2) the absence®fferoxwill allow F. fossanaandG. elegando increase in density due to
relaxed competition, and B) fossanandG. eleganwill exist athigh densitis in all study areas, but
higher in the fragment than in RNP as they are able to tolerate and exploit human disturbance and debris.
The little information available regardirg fasciatasuggests that it will be found at low densities in

RNP, but we may ésurprised at what we find because there have been no systematic studies of this
animal and its small size and nocturnal habits may result in a low detection probability, but not
necessarily a small population siZzEhere willlikely be a significant inease in the density and use of

the exotic Indian civet\iverricula indica)as forest degradation increases, with highest levels being
found in the fragmented lalatsara study area.

The possible differences in carnivore density betweenndeturbedind selectively logged rainforest

study areas within RNP are likely to be maore subtle than the differences between RNP and lalatsara. |
expect thaF. fossanand G.eleganswill increase in density as forest degradation increases up to some
threshold thatve mayor may not be able to identify.do not expect to find differences between the
undisturbedand selectively logged rainforest study areas within RNEfderoxor G. fasciata

population state variables
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| expect to find few predictive micrbabitat measures of carnivore occupancy/use of a given site, while
macrehabitat characteristics will be more important. Of the mibitat features measured, | expect 1)
G. eleganss likely to be found significantly more often near open water becawesefats peferred prey
items is crayfisiDunham 1998, Goodman 20032) C. feroxwill use intermediate levels of canopy
coverbecaus of increased prey accessibil{iguller et al. 2007)and 3)F. fossanawill use area®f high
ground cover because of high small mammal dengiDegser and H. Shugat978)

| believe that important spatial and temporal niche differentiation will be apparent among the carnivores.
Specifically, | expect to finé. elegando be almost completely diurnd, fossanandG. fasciatato be

mainly nocturnal, an@€. ferocto be active day and night. | believe that the mesocarnivores will
disproportionally use sites with lo@. feroxuse. With the absence Gf feroxfrom the isolated

fragmented rainforest site, | expéctfossanaandG. elegando broaden their habitaise and activity

patterns.

Success of this study should be evaluated by the following: 1) the completion of ten months of data
collection, 2) the professional development of local Malagasy researchers, 3) the application of proper
data analysis techniga to make defensible inferences, 4) a completed thesis, 5) the publication of a
minimum of one journal article summarizing my findings, and 6) the presentation of findings within and
outside of Virginia Tech in at least one scientific outlet and onetaittelevance to the general public.

I will assist in local professional development by providing detailed training to 1) ondevieb.

Malagasy studerftom the University of Antananarivo2) one Malagasy professional in the field of
environmental seinces throughthda | aga sy g peunidtingpnoeenst 3) tevo local research
assistants, and 4) Malagasy research staff at the Centre ValBiiming will involve chnical aspects of

data collection include GPS tracking and marking, deploymensetog of infrared remote camera

stations, recording standardized data collection, and characterizing habitat plots. A high degree of
leadership will be demonstrated through independent and collaborative teamwaibi #tefield sites

utilized during he project. These capacithuilding activities will contribute to the advancement of
Malagasy researchers and may lead to continued cara@@ing monitoring of carnivores after this

projected is completedMy public outreach will take three form) presentations in Madagascar will be

held for park officials, employees, other researchers, as well as local school children as natural resource
management is only realistically feasible when local individuals have a vested interest, 2) presentations in
theUnited States to wildlife and conservation biology professionals and to an annual meeting of Virginia
high school biology teachers, and 3) formal publication of the results of this study.

I hope to succeed in fulfilling my requirements as a M.S. studewel as succeed in gathering relevant
ecological information that will aid in better conserving and managing endangered species.
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Research Schedule

Schedule 2007 2008 2009 2010

A S OND|J F M AMJI I ASONID|IJFMAMJIJI ASONIDIIJFMAWM

Classes X X X X X X X X X X X X X X X X X X X X

Data

. X X X X X X X X X X
Collection

Data Entry X X X X X X X X X X X X X X X X X X X

Data

. X X X X X X X X X X X
Analysis

Working
Thesis

Final Thesis X X X

Defense/ X
Publications
submitted
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Research Activity

2008

Trail Maintenance

Train Technicians

Camera Deploymen

Cameraand Lemur
Sampling

Habitat Sampling

Research Activity

J F
2009
J F

Trail Maintenance

Train Technicans

Camera Deploymen

Cameraand Lemur
Sampling

Habitat Sampling

M A M
X
X
M A M
X
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Figures and Tables

Table 1. IUCN listing of all Malagasy Carnivor@s8)CN 2006) Species expected to be observed in this

study have a * next to the name. IUCN listing Criteria Explanation:
http://www.iucnredlist.org/info/categories_criterial994

. . Listin
Malagasy Carnivores Order Family Assessment Criter?a
Cryptoprocta ferok Carnivora Eupleridae Endangered C2a
Eupleres goudotfi Carnivora Eupleridae Endangered C2a
Fossa fossarta Carnivora Eupleridae Vulnerable Alcde
Galidia elegais* Carnivora Eupleridae Vulnerable Alcde
Galidictis fasciat& Carnivora Eupleridae Vulnerable Alcde
Galidictis grandidieri Carnivora Eupleridae Endangered B1+2b
Mungotictis grandidieri Carnivora Eupleridae Endangered B1+2bc
Salanoia concolor Carnivora Eupleridae Vulnerable Alce

Table 2. IUCN listing ofainforestLemurs.(IUCN 2007) Listing Criteria Explanation:
http://www.iucnredlist.org/info/categories_criterial994
Lemur Species Order Family Assessment I(_:|s_t|ng
riteria

Avahi laniger Primates  Indridae Lower Risk LR/nt
Cheirogalus major major Primates  Cheirogaleidae Lower Risk LR/lc
Daubentonia madagascariensis Primates  Daubentonidae Endangered A2cd, C2a
Eulemur fulvus Primates  Lemuridae Lower Risk LR/nt
Eulemur rubriventer Primates Lemuridae Vulnerable A2cd, C2a
Hapalemur aureaus Primates  Lemuridae Critically Endangered A2cd, C2a
Hapalemur griseus griseis Primates  Lemuridae Lower Risk LR/nt
Hapalemur simus Primates  Lemuridae Critically Endangered A2cd, C2a
Lepilemur sp. Primates  Megaladamlae Not Described ?
Microcebus rufus Primates  Cheirogaleidae Lower Risk LR/lc
Propithicus diadema edwardsi Primates Indridae Endangered Alcd
Varecia variegata variegata Primates  Lemuridae Endangered Alcd
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Table3. Lemur predators (only carnvee of Madagascar6s southeastern
Tables 1315 in Goodman (2003),-4in Karpanty and Wright (2007and Patel (2005)This list

includes known lemur predators (by scat analyses or direct observations) occurring in the southeastern
rainforest or other regions. Activity patterns are coded as: N=Nocturnal, C=Cathemeral, D=Diurnal.

Rainforest Carnivores Lemur Species known to Body Activity
have been predated upon Mass Pattern
Dog (Canis familiaris) Microcebus rufus 40-80¢g N
Fossa Cryptoprocta ferox) | Cheirogaleus major 3506009 N
Cheirogaleus medius 142-217¢ N
Daubentonia N
L 3 kg
madagascariensis
Eulemur coronautus 1.7kg C
Eulemur fulvus spp. 2.2kg D, C
Eulemur mongoz 1.6kg C,N
Eulemur rubriventer 2.0kg C
Hapalemur griseus 0.7-1.0kg D
Hapalemur simus 2.4 kg C
Lepilemur ssp. 0.6-1.0kg N
Microcebus spp. 24-90¢g N
Mirza coquereli 3009 N
Phaner furcifer 3506009 N
Propithecus candidus 5-6.5 kg D
Propithecus diadema 3-6.5 kg D
Propithecus edwalsi 5.7-7.5kg D
Propithecus tattersalli 3.5kg D
Propithecus verreauxi 3.5kg D
Varecia variegata 3.2-4.5 kg D
Cat (elis silvestris) Lemur catta 3.0-3.5kg D
Cheirogaleus major 3506009 N
Ringtailed mongoose Cherogaleus major 3506009 N
(Galidia elegans) Microcebus rufus 40-80¢g
_Ind_lan civet Viverricula Lemur catta 3.0-3.5kg D
indica)

®Body masses and activity patterns as reported in Table 5.2 of Karpanty (200BassA@005)
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Table 4 Rainforest carnivore species that | expect to detect at Ranomafana National Rataddar
and the type of analyse will use to estimate population state variables.

Spatially Explicit

: Traditiqnal Density 2-Dimensional Occupancy
Species Density (Program
Estimation (Progr_am Gas Model Presence)
Density)

Cryptoprocta ferox X X
Eupleres goudotii X X
Fossa fossana X X X X
Galidia elegans X X
Galidictis fasciata X X
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Figure 1. Madagascar and study areas (Ranom&fatianal Park and lalatsara Nature Preserve)
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Kingdom Animalia
Phylum Chordata
Class Mammalia

Order Canivora
Suborder Feliformia
Family Eupleridae

Subfamily Euplerinae
Cryptoprocta feroxFossa)
Fossa fossan@Malagasy Civet)
Eupleres goudot{iMalagasy Smalbothed Civet)

Subfamily Galidiinae
Galidia elegangRingtailed Mongoose)
Galidictis fasciatgdBroadStriped Mongoose)
Galidictis grandideriGiantStriped Mongoose)
Mungotictis decemlineat@Narrowstriped Mongoose)
Salanoia concoldBrowntailed Mongoose)

Figure 2: Malagasy carnivore phylogertsee.
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Broadstriped mongoose3alidictis fasciata) Ringtailed mongooseQalidia elegans)

FossaCryptoprocta ferox)

Exotic Indian Civet (Viverricula indicg Domesticéed Dog Canis faniiaris)

Figure3. Carnivores captured by cameras during the-Augst2007 pilot study in Ranomafana
National Park, Madagascar.
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Figure4. Fossa fossanphotograph identification by pelage spot patterns: top two photographs of the
same indiidual and the third photograph for comparison.
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