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Project Overview:  The importance of studying Malagasy carnivores 

 
Madagascar is one of the most biologically rich areas on the planet.  It is home to 771 endemic vertebrates 

(2.8% of global total; Myers et al. 2000), including 34 species of lemur (IUCN 2007) and eight species of 

carnivore (IUCN 2006).  The unique Malagasy Carnivora clade includes eight species recognized as 
belonging to the endemic Family Eupleridae (Yoder et al. 2003, Gaubert et al. 2005).  The population 

status of these carnivores and their predation pressure on lemurs is of considerable interest as 

Madagascarôs forests shrink, fragment, and degrade due to increasing demands from the growing human 
population (Green and Sussman 1990, Achard et al. 2002).  The outstanding rate of forest loss on this 

island, at least 2% yearly (Green and Sussman 1990), continues to dramatically change the landscape 

composition through fragmentation, leaving many species of carnivores and their lemur prey threatened 
with extinction (IUCN 2007).  Today, with 10% of the primary forests remaining, Madagascar has been 

recognized as one of the worldôs top biodiversity conservation priorities (Myers et al. 2000).  

 

Carnivores have been shown to exert significant influence on ecosystem structure and function, making 
their protection a crucial component of any conservation plan (Noss et al. 1996).  Not only do carnivores 

often have the largest area requirements (Noss et al. 1996, Miquelle et al. 2005), they are also known to 

exert regulatory effects on threatened and endangered prey, potentially causing extirpation in fragmented 
habitats (Buskirk 1999, Crooks and Soule 1999, Terborgh et al. 2001, Buskirk 2003).  Carnivores impact 

prey species through direct mortality (Paine 1969) and indirect behavioral effects, such as altering prey 

distribution and habitat selection (Lima and Dill 1990, Schmitz et al. 1997).  Losing a large carnivore 

species from an area may result in mesopredator release, trophic cascades, ecosystem simplification, and 
even further extinctions (Palomares et al. 1995, Rogers and Caro 1998, Terborgh et al. 1999, Terborgh et 

al. 2001).  To best plan conservation strategies at the landscape level in Madagascar, it is crucial to 

understand the population dynamics of the IUCN listed Malagasy carnivores and their equally at risk 
lemur prey (IUCN 2007).  

 

There is a paucity of information on the Malagasy carnivores of the eastern rainforests; especially in the 
discipline of population ecology, which is the foundation of conservation management.  Some insight into 

the diet, activity, and ranging behavior of carnivores in the rainforest can be derived from studies of 

conspecifics in the dry western forests of Madagascar (Ray 1997, Hawkins and Racey 2005, Dollar et al. 

2007), but due to increased primary production and widely scattered and patchy prey, rainforest 
carnivores are expected to show significant variation in these traits (Hawkins 1998).  Absolute population 

estimates and indices in the Malagasy rainforest are almost completely unknown (Dunham 1998, 

Goodman and Pidgeon 1999, Goodman 2003a).   
 

I intend to complete a non-invasive, mensurative study of carnivores in the southeastern rainforest of 

Madagascar (Figure 1) to achieve three main objectives: 
 

Study Objectives: 

 

1. Estimate the abundance, density, and probability of occupancy/use of rainforest carnivores in 
undisturbed rainforest, selectively logged rainforest and fragmented-isolated rainforest. 

 

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

 

3. Examine the relationships among carnivore population state variables and habitat features across 

and between each study area (e.g. climatic conditions, landscape characteristics, microhabitat 
features, lemur abundance, and human activity). 
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Introduction:  

Endemism and Diversity in Madagascar 

 
Madagascar is the worldôs largest oceanic island and fourth largest island overall.  Its long isolation and 

topographic variation has produced a land rich in biotic diversity and endemism.  Madagascarôs unique 

species include 314 endemic reptiles, 215 endemic amphibians, and an 83% endemic plant phylogeny 
(Gautier and Goodman 2003).  Madagascarôs mammals include 112 species (75% endemic, Myers et al. 

2000), including 8 carnivore species that belong to the endemic Family Eupleridae (Yoder et al. 2003, 

Gaubert et al. 2005).  The remarkable primate radiation of Madagascar is entirely endemic and is 
represented by 69 lemur species and subspecies (Mittermeier et al. 2005).  

  

The land fragment known as Indo-Madagascar originally split from the supercontinent Gondwanan 

around 165 million years ago (mya).  The fragment became positioned off the coast of Mozambique close 
to 121 mya and subsequently split into what is now known as India and Madagascar 33 million years later 

(Coffin and Rabinowitz 1992).  Despite its adjacent position to mainland Africa (400 km), Madagascar 

has been isolated by a deep oceanic barrier for at least 88 million years (Storey et al. 1995).  The variety 
of bedrock, soils and topography produced a remarkable diversity of ecological communities.  The 

Malagasy flora can roughly be divided into six divisions: eastern humid evergreen forests, eastern and 

central montane forests, sambriano zone, southern spiny brush, central grasslands, and 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 across the island to rise abruptly 

at the eastern edge of the central plateau, causing an orographic precipitation effect (Wells 2003).  The 

combination of a subtropical climate and consistent rainfall set the stage for a rainforest vegetation zone 
that now occupies the longitudinal eastern edge of the island. 

 

Prior to the settlement of humans, most of Madagascar is believed to have been covered by forest or other 
densely vegetated habitats (Burney 2003).  As humans came in successive migratory waves from Africa 

and Indonesia within the last 1500 to 2000 years (Mittermeier 1988, Mittermeier et al. 1999), startling 

changes in biodiversity and land cover were initiated.  Most scholars agree the Holocene faunal 

extinctions on Madagascar are the result of human activity (Dewar 1984).  Species extinctions include 
seven genera of primate, a giant land tortoise (Geochelone grandidieri) and the carnivore Cryptoprocta 

spelea.  C. speleaôs 17 kg body weight (Burness et al. 2001) made it twice the size of its extant relative, 

C. ferox and thus the largest known endemic carnivore to have occurred on Madagascar.  Some have 
suggested that the two species were conspecific (Savage 1978), but there is no paleontological evidence to 

confirm this hypothesis.   

 

Extant Malagasy Mammalian Fauna 

 

There are four extant orders of terrestrial mammals on Madagascar today: carnivores, primates, rodents, 

and liptotyphlan insectivores.  The process of how terrestrial mammals of limited dispersal ability found 

their way to an island that has been isolated since before the great mammalian radiation (65 mya) has 
been of significant evolutionary interest.  Recent phylogenetic analyses have given evidence that the 

presence of each extant terrestrial mammal order is the result of different, isolated colonization events 

(Yoder et al. 1996, Jansa et al. 1999, Olson 1999, Yoder et al. 2003).  There is strong evidence that the 

Malagasy carnivores are most closely related to the dominantly African Family Herpestidae.  Contrary to 
a long held belief, the Malagasy Carnivora clade does not belong to a monophyletic Viverridae clade, but 

rather lies within the feliformia sub-order (see phylogeny tree: Figure 2).  The most parsimonious theory 

of carnivore colonization of Madagascar is an over-water dispersal event that occurred approximately 18 
to 24 mya (Yoder et al. 2003).  The lack of carnivora competition allowed the original colonizers to 
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radiate into a broad range of niches.  Among the family Eupleridae, there are currently eight extant 

species and seven genera in two subfamilies (Euplerinae and Galidinae, Table 1 and Figure 2).  
 

Environmental Challenges on Madagascar 

 

Madagascar is currently viewed as one of the worldôs leading environmental challenges because of the 
serious threats to its unique biodiversity from a variety of anthropogenic factors.  The causes of 

environmental damage have been well documented, with slash and burn agriculture, mining, and logging 

dominating biodiversity loss (Mittermeier et al. 2005).  Humbert and Cours Darnes (1965) estimated that 
in 1953 rainforest covered 107,430 km

2
, while the Joint Research Centre Project estimated that only 

55,328 km
2
 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 and 1999 (Humbert and Cours 
Darne 1965, Dufils 2003).  The remaining rainforest is now confined to a slim band running 

longitudinally along the eastern escarpment of the island.  With only 10% of primary vegetation thought 

to remain (Mittermeier et al. 2005), the remarkable biological wealth of Madagascar has been isolated 

into a very small area.  In 2000, Myers et al. acknowledged Madagascar as one of the top biodiversity 
conservation priorities worldwide.   

 

Conservation activities in Madagascar are currently focused on successfully implementing the ambitious 
Durban Vision established by Malagasy President Marc Ravolomanana in 2003.  This plan calls for 

tripling the current 1.7 million hectares of protected areas to 6.0 million by 2008, which the nation is 

currently on target to achieve (S.M. Karpanty, Virginia Tech, personal communication).  Land 
conservation specifically targets wildlife corridors connecting existing parks in order to protect rare 

habitats, watersheds, and the continuity of speciesô ranges (WorldBank 2005).  The international 

conservation community recognized President Ravolomananaôs Durban Vision as monumental and has 

already committed greater than $40 million towards achieving this goal (Mittermeier et al. 2005).  
 

Malagasy Carnivore and Lemur Conservation 
 
To best achieve the enormous conservation challenge set forth in the Durban Vision, research on 

demographic parameters, habitat selection, and basic life history traits of carnivores must be undertaken.  

Carnivores have been shown to exert significant influence on ecosystem structure and function, making 

them a crucial aspect of conservation (Noss et al. 1996).  Carnivores affect predator-prey dynamics by 
direct mortality of prey (Paine 1969) and indirectly through behavioral effects such as altering prey 

distribution and habitat selection (Lima and Dill 1990, Schmitz et al. 1997).  Losing a carnivore to habitat 

loss or degradation may result in mesopredator release, trophic cascades, ecosystem simplification, and 
even further extinctions (Palomares et al. 1995, Rogers and Caro 1998, Terborgh et al. 1999, Terborgh et 

al. 2001).   

 
Recognizing how Malagasy carnivore populations use the landscape (undisturbed, secondary, fragmented, 

degraded, and restored forests) is critical for successfully designing protected areas and conserving 

endemic fauna.  Understanding the ecology of top and mesocarnivores in Madagascar is especially 

important as; 1) most Malagasy carnivores and many of their lemur prey are listed as threatened or 
endangered, 2) little is known about the predator-prey dynamics linking the two groups , 3) threats to 

Malagasy carnivore and lemur populations continue to be exacerbated by ongoing habitat loss and 

fragmentation, and 3) as land is protected and corridors restored as part of the Durban Vision, a lack of 
knowledge inhibits the inclusion of habitat requirements and movement dynamics of the top predators in 

the planning process (WorldBank 2005, IUCN 2006;2007).   

 
To effectively understand predator-prey population interactions, it is important to take the perspective of 

the predator (Boinski and Chapman 1995, Mitani et al. 2001).  However, in the case of Madagascar where 
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primates represent the largest mammalian prey biomass of the forests, there are important evolutionary 

and ecological questions that can only be addressed from the preyôs perspective.  Thus, to fully 
comprehend the impact of predation by carnivores and other predators on primate social structure, 

behavior and evolution, joint research on predators and lemurs is necessary.  To complement the goals of 

this carnivore population study, my graduate colleague Mary Kotschwar will be concurrently 

investigating anti-predator behavior of one lemur species (Propithecus edwardsi) at the same study sites 
as my carnivore research project.  By understanding the impact of predation pressure, or lack of pressure 

(by absent predators) on primate behavior, we hope to understand how primates are able to cope with a 

fragmented landscape where a carnivore may be extirpated and later re-colonize.  We hope the synergy of 
our studies will lead to more complete insights into the complex relationships between predators and 

primates in the rainforests of Madagascar.  

 
The 2007 IUCN Red List of Threatened Species shows a downward population trend for all rainforest 

carnivores in Madagascar (Table 1).  C. ferox and Eupleres goudoti are considered endangered by the 

IUCN and F. fossana, G. elegans, and G. fasciata are considered vulnerable.  All Eupleridae species are 

listed as declining due to habitat loss or degradation.  C. ferox and G. elegans are also known to be 
harvested at unknown levels (IUCN 2006).  As for the twelve lemur species that occur in the southeastern 

rainforests of Madagascar where this study will be conducted, IUCN lists two as critically endangered 

(Hapalemur aureus, Hapalemur simus) and three as endangered (Varecia variegata variegata, 
Propithecus edwardsi (formerly P. diadema edwardsi), and Daubentonia madagascariensis (Table 2, 

IUCN 2007).   

 

Literature Review and Malagasy Carnivore Species Accounts 

 

To date, only short-term or rapid-assessment studies of Malagasy carnivores have been conducted in the 

eastern rainforests (Rasolonandrasana 1994, Goodman 1996, Dollar et al. 1997, Dunham 1998, Dollar 
1999b, Dollar 1999a, Goodman and Pidgeon 1999, Goodman et al. 2003).  Long-term research studies 

have thus far centered in the western dry-deciduous forests and have only focused on C. ferox (Hawkins 

1998, Dollar 2006).  There are limited peer-reviewed journal articles available that address Malagasy 
carnivore ecology (Rasoloarison 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).  Natural history accounts and non-peer reviewed publications are 

also available, but are still relatively few (Rand 1935, Albignac 1969, Albignac 1971;1973, Albignac 
1975, Rasolonandrasana 1994, Dunham 1998, Dollar 1999b, Dollar 1999a, Dollar 2000, Britt et al. 2001, 

Goodman and Benstead 2003, Dollar et al. 2007, Karpanty and Wright 2007).  No studies have addressed 

absolute population parameters or habitat associations of Malagasy carnivores in the eastern rainforests.  
Dollar (1999b), Dunham (1998), and Kerridge et al. (2003)  carnivore trapping efforts and subsequent 

radiotelemetry studies (C. ferox: 1-yr, 2 adults tracked; G. elegans: 11 trapped, 7 tracked; F. fossana: 22 

trapped, 4 tracked) were the most recent effort to specifically study Malagasy carnivore ecology in the 
eastern rainforests.  The overall paucity of published information on Madagascarôs carnivores is an 

accurate representation of the state of knowledge of these species. 

 

C. ferox is Madagascarôs largest terrestrial species, averaging a total length of 1.4 m and weighing 6.5 kg.   
It ranges throughout all forest types on Madagascar, but is only known to occupy intact or undisturbed 

forests (Hawkins 2003).  Hawkinsô (1998) long-term study in the western dry-deciduous forest is the most 

informative research to date on C. ferox.  She specifically assessed home-range size, density and diet of 
C. ferox in Kirindy Forest.  While C. ferox was known from natural history observations to be a 

formidable lemur predator, Hawkins demonstrated that more than 50% of C. feroxôs diet is made up of 

lemurs in the western forests (Hawkins and Racey 2008).  Observations across Madagascar have revealed 
a great number of lemur species fall prey to C. ferox (Table 3).  Analyses of capture data and 
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radiotelemetry locations showed a mean homerange of 14.8 km
2 
and a density estimate of 0.24 

individuals/km
2  

(Hawkins and Racey 2005).   
 

F. fossana is Madagascarôs second largest endemic carnivore, averaging a total length of 913 mm and 

weighing approximately 1.6 kg.  It is only known to occur in the eastern rainforests and sambriano zone, 

and is believed not to occur in secondary or disturbed habitats (Kerridge et al. 2003).  Currently, there are 
no density estimates of F. fossana.  Kerridge et al. (2003) trapping and subsequent radiotelemetry study 

estimated their homerange to be 0.073 to 0.552 km
2
.  Although no density estimate was calculated, 

Kerridge remarks that 22 individuals were trapped in 2 km
2
 of rainforest habitat (Kerridge et al. 2003).  

Scat analyses show no lemur remains.  The largest portion of their diet (60%) is made up of arthropods, 

with 33% of their diet composed of vertebrates species (Goodman et al. 2003).  

 
G. elegans is the most conspicuous of the Malagasy carnivores due to its diurnal habits and inquisitive 

nature.  Its total length ranges from 560 to 670 mm and it weighs between 760 to 1085 g (Dunham 1998).  

There are no absolute density estimates of G. elegans, but observations indicate they have fairly high 

densities.  Dunham captured 12 individuals with 1,040 trap nights and estimated a density index of 37 
individuals/km

2
.  Radiotelemetry locations indicated that 11 animals shared approximately 20 ha.  Unlike 

the other Malagasy carnivores, G. elegans is known to live in family groups that often consist of a male, 

female, their most recent offspring, and occasionally an older juvenile offspring.  G. elegans is a known 
lemur predator, having been observed eating Cheirogaleus major and Microcebus rufus (Table 3). 

 

There are two species of Galidictis: G. fasciata which occurs in the eastern rainforests and G. grandidieri 
which occurs in the spiny brush.  G. fasciataôs average total length is 857 mm (SD=50.4) and weighs 640 

g (SD=105.4).  It is thought to occur in low densities from lowland forests up to 1500 m elevation.  There 

is currently no information on G. fasciataôs diet, but is believed to eat rodents, reptiles, and small 

amphibians (Goodman 2003b).   
 

Almost no quantitative information is available regarding the ecology of E. goudoti.  They are generally 

believed to occur in northwest and eastern Madagascar (Albignac 1972, Garbutt 1999).  Although E. 
goudoti has been observed in Ranomafana National Park, the camera-trapping pilot study (see Camera 

Trapping Pilot Study section below) did not detect them in 755 camera trap nights.  Their diet is thought 

to be almost exclusively earthworms with some lizards, rodents, and birds.  Their total body length ranges 

from 630 to 880 mm (Albignac 1972). 
 

Camera Trapping Pilot Study (2007) 

 
A camera-trapping pilot study conducted by Dr. Sarah Karpanty and Virginia Tech undergraduate Chaz 

Crawford from July to August, 2007 has lent many insights to the development of this research project 

(Gerber et al. in prep).  Goals of the pilot study were to: 1) evaluate the feasibility of using camera-
trapping in the eastern rainforests of Madagascar, 2) assess carnivore richness in a region of Ranomafana 

National Park, 2) determine which Malagasy carnivores are consistently individually recognizable from 

photographs, and 3) estimate relative abundances, density, and probability of occupancy/use in the 

sampled area.  Forty-three camera stations were placed along the four park trail systems in Ranomafana 
National Park (RNP), covering an area of 33.5 km

2
 (100% MCP).  A total of 755 camera trap nights 

yielded 1605 photographs of six carnivore species: Fossa (Cryptoprocta ferox), Malagasy Civet (Fossa 

fossana), Ring-tailed mongoose (Galidia elegans), Broad-striped mongoose (Galidictus fasciata), the 
exotic Indian civet (Viverricula indica), and the domestic dog (Canis familiaris, see Figure 3 for photos). 

 

Photographs were organized by three methods to allow different analyses: index of abundance, density, 
and occupancy.  An index of abundance was calculated as trap success for each carnivore (# capture 

events/total number of trap nights).  To estimate absolute population size, we organized individually 
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identifiable species (Fossa fossana and Cryptoprocta ferox) into capture-recapture histories.  For patch 

occupancy analyses, we developed individual camera site histories.  The most important contribution of 
the pilot study was the recognition that a camera-trapping study is logistically feasible in Ranomafana 

National Park.  The mountainous terrain and lack of roads still make a park-wide study difficult , but 

certain areas long used by primate researchers ensure the feasibility of this study.  The international 

research station Centre Valbio, located adjacent to RNP, can provide significant logistic support by way 
of Malagasy guides, lodging, electricity, food, storage, and transportation.  A second important finding of 

this pilot study was the realization that there are carnivores in the sampled areas of the park and in 

significant numbers.  Prior to this study, there was no clear understanding what carnivore species were 
active in RNP or what the numbers of individuals might be.  Discovering 10 C. ferox and 38 F. fossana 

was a surprise to even the long-time RNP researchers.  

 
Copious hours of scrutinizing photographs have demonstrated that F. fossana can be consistently 

individually identifiable by its unique spot patterns (Figure 4), while C. feroxôs slight pelage wearïand-

tear patterns allowed for only a minimum number of identifiable individuals (83.5% of the F. fossana 

capture events were identifiable, while 61.8% of the C. ferox capture events were identifiable; 
unidentifiable F. fossana photographs were due to poor angle and lengthy distance from the camera).  The 

two other native carnivores, Galidia elegans and Galidictis fasciata were not able to be reliably identified 

to the level of individual.  While strategic camera setup can reduce the number of unidentifiable 
photographs with poor angle or large distance from the camera, artificial markings would be necessary to 

positively identify all C. ferox photographs.  We do not believe that individual markings are logistically 

feasible for this current project, but they may be part of a longer-term study in the future.  
 

Important to the occupancy aspect of this study, pilot study analyses showed that native rainforest 

carnivores (C. ferox, G. elegans, F. fossana) have a high probability of using maintained human trail 

systems in this region of Ranomafana National Park  (average site use for native carnivores ranged from 
71.9% to 99.9%).  Given this high probability, I will use the maintained research trails to improve capture 

or photographic rates.  

 
 

General Methods 

The Why? 
 

Understanding the variation in population density among different species within habitats and within 

species across different habitats is of central importance in wildlife ecology (Andrewartha and Birch 

1954, Pulliam 1988) and critical to conservation efforts of threatened and endangered species .  There is 
perhaps no other question biologists are asked more frequently than, ñhow many animals are there?ò  

Without careful consideration of population dynamics across species and habitats, conservation efforts 

may be poorly applied, thus delaying species recovery.  The fragmentation and degradation of much of 
Madagascarôs landscape begs the question of how populations are tolerating forest disturbance.  One cue 

of a species response is to compare population state variables among differing disturbed habitats.  The 

state variables I will compare are density, occupancy, habitat use, and activity patterns of the rainforest 
Malagasy carnivores among three forest types: undisturbed rainforest, selectively logged rainforest and 

fragmented-isolated rainforest.  

 

The paucity of Malagasy carnivore data available to conservation agencies in the face of increasing 
threats to Madagascarôs natural habitats is the primary motivation of this study.  Equally important is to 

more fully understand the unknown predation pressure that Malagasy carnivores exert on lemurs, many of 

which are endangered (IUCN 2007, Table 2).  Until a decade ago, non-human predation on primates was 
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considered minor (Goodman 2003c).  Today, the diversity of predators that prey on primates is more fully 

appreciated (Karpanty and Wright 2007); however true predation pressure from the diverse potential 
predator community is still unknown.  Madagascar is the only region in the world where mesocarnivores 

are important predators of primates (Hart 2007).  By understanding carnivore population dynamics, 

habitat associations, and diet, we will begin to understand the predation risk that lemurs experience.  This 

will critically improve the state of knowledge used to protect endangered lemurs and aid the development 
of theory on primate social structure, behavior, and evolution. 

 

Population Estimation with Remote Cameras 

 

Camera trapping is now widely used as an economical, non-invasive technique for sampling elusive, rare, 

or cryptic animals (Karanth et al. 2004).  Radio telemetry and other methods of remote sensing have been 
invaluable in increasing understanding of carnivore movements, home ranges, habitat use and activity, but 

are limited in precision and accuracy of locations and activity readings, and constrained by limited 

observer hours (Fuller et al. 2005).  Plus, samples sizes are generally low, making population size difficult 

to assess.  The technique of camera trapping has been successful in estimating relative abundance and 
absolute density of several mammalian carnivores (Karanth 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 most appropriate technique for mammal inventory (Silveira et al. 2003).   
 

Estimating absolute population numbers with camera traps is based on traditional methods using the 

capture-mark-recapture of individuals (Otis et al. 1978, White et al. 1982).  Camera trapping was 
pioneered in India to estimate tiger (Panthera tigris) populations (Karanth 1995, Karanth and Nichols 

1998).  Since then it has been applied rapidly around the world with other low density, cryptic and/or rare 

species (Kawanishi 2002, Silveira et al. 2003, Silver et al. 2004, Trolle and Kery 2005).  Originally 

designed for density estimation, remote camera methodology has also been useful in exploring activity 
patterns, habitat use, and species richness (Karanth et al. 2004, Maffei et al. 2004, Di Bitetti et al. 2006).  

Long-term camera trapping studies enable managers and researchers to track population changes over 

time, to estimate survival and recruitment, and to provide data for population viability analyses (Karanth 
et al. 2006). 

    

Until recently, the major limitation of using cameras to estimate absolute population sizes was the 

necessity of animals to have unique markings or pelage variation so that individual capture histories could 
be constructed and used for mark-recapture analyses.  However, new methods that do not rely on known 

individuals, but rather use photographic rates (# photos/ unit of time), also known as trap success, show 

promise (Carbone et al. 2001, Rowcliffe et al. 2008).  Another approach when individuals cannot be 
identified by photographs is to use site occupancy to draw population inferences, such as distributional 

patterns and habitat associations (Karanth et al. 2004).  This relatively new methodology is a 

presence/absence model that uses site detection histories to decrease bias by incorporating detection 
probability.   

 

What allows sympatric carnivore co-existence? 

 
Co-existence of sympatric carnivore species is considered to be possible through niche differentiation 

(Pianka 1974).  However, the mechanisms and relative importance of decreasing competition is little 

understood.  The difficulty of observing and sampling rare, cryptic, or elusive carnivore species has led to 
a dearth of understanding of carnivore interspecies interactions.  Despite the difficulty, the ecological and 

behavioral complexities of predator-predator interaction are critical to fully understand carnivore 

population dynamics and the impact of carnivores on their prey species.  
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Intraguild competition is often uneven among species, such that it is asymmetrically biased towards the 

larger species.  A larger bodied carnivore may dominate smaller carnivores in three ways: direct 
mortality, resource stealing (kleptoparasitism), and incipient character displacement (Creel et al. 2001).  

Palomares and Caro (1999) found 97 pairs of carnivores in which intraguild predation has been well 

documented.  Predation in this case is not usually the consumption of a carnivore victim, but merely the 

act of killing (Palomares and Caro 1999).  A study of savannah carnivores showed that lions and hyenas 
can be significant competitors of wild dogs and that intraguild predation is a considerable source of wild 

dog mortality (Creel and Creel 1996).  Another well documented case of carnivore competition is found 

among the dynamics of wolves, coyotes, and red foxes in the northern range of Yellowstone National 
Park (Crabtree and Sheldon 1999).  With the reintroduction of wolves starting in 1995, Crabtree and 

Sheldon (1999) observed a 50% decline of coyote populations in the Lamar Valley/Soda Butte area of the 

park.  Recent efforts have shown red foxes in the same valley are displaced by coyotes at carcasses, select 
habitat to avoid preferred coyote habitat, and are known to be directly preyed upon by coyotes (Van Etten 

et al. 2007).  Without considering the many other large and meso-carnivores of the Yellowstone 

ecosystem, it is quite evident that intraguild predation and competition can have important effects on 

carnivore population dynamics and community composition.  
 

Though difficult to observe in the tropics because of the dense structure of rainforests and the logistical 

challenges of research, interspecific competition among carnivores may be no less important.  The 
intraguild predation model predicts greater competition is more likely when prey density is either low or 

of intermediate levels (Holt and Polis 1997).  Madagascarôs limited landmass, lack of prey diversity and 

now highly fragmented landscape could lead to a high level of antagonism and competition among 
carnivores.  Assuming interspecific competition among sympatric carnivores has been a significant factor 

driving population dynamics over the millennia, the immediate conservation concern is the extirpation of 

a carnivore from successive habitat fragments because of increased competition with other carnivores in a 

fragmented area with no room for simple displacement. 
 

Currently, there are no data showing habitat or activity partitioning among the rainforest carnivore 

species.   What is known has come from natural history accounts, general observations, and reflections of 
morphology of the different species.  Whether intraguild predation is an important characteristic of the 

population dynamics of Malagasy carnivores is unknown, but it is known that intraguild predation does 

occur.  In a recent diet study, Hawkins and Racey showed that Mungotictis decemlineata, a carnivore of 

the western forests, was present in C. feroxôs scat (Hawkins and Racey 2008).  Additionally, Kerridge et 
al. (2003) noted that perhaps three F. fossana were preyed upon by C. ferox during her 1999 

radiotelemetry study in the southeastern rainforest of Vevembe Forest.  

 

Study Sites 

 

This study will be conducted in the southeastern rainforests of Madagascarôs Fianarantsoa province 
(Figure 1).  Sampling will take place at Ranomafana National Park (RNP), located at 47

o
 18' to 47

o
 37' E 

and 21
o
 02' to 21

o
 25' S and Ialatsara Lemur Forest Camp, located at 47

o
 19'46 E and 21

o
 06'55 S.  The 

43,500 ha national park is mountainous with an elevation gradient from 400 m to 1374 m and contains 

lowland rain forests, cloud forests, marshes, and high plateau forests, with only one-third having been 
selectively logged before the area was protected in 1991 (StonyBrookUniversity 2007).  The climate is 

subtropical with average rainfalls of 2,300 to 4,000 mm annually.  The park contains four main research 

trail systems that cover forests of different levels of disturbance: undisturbed primary forest (Valohoaka), 
secondary heavily disturbed forest (Talatakaly), secondary slightly disturbed forest (Vatoarana), and a 

mixture of undisturbed and selectively logged forest (Vohiparara, Balko, 1998). Known primate species 

that occur within RNP include Propithecus edwardsi, Cheirogaleus major, Avahi laniger, Varecia 

variegata, Microcebus rufus, Lepilemur sp., Microcebus rufus, Daubentonia madagascariensis, 

Hapalemur griseus, Hapalemur aureus, Hapalemur simus, Eulemur fulvus, and Eulemur rubriventer.  

http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/cheirogale.jpg
http://www.madagascar-lemuriens.com/sara%20pictures%20053.jpg
http://www.madagascar-lemuriens.com/lepilemur%20sp.jpg
http://www.madagascar-lemuriens.com/Hapalemur%20griseus%2002.jpg
http://www.madagascar-lemuriens.com/Rubriventer.jpg
http://www.madagascar-lemuriens.com/Rubriventer.jpg
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Observed carnivore species include Cryptoprocta ferox, Fossa fossana, Galidia elegans, Eupleres 

goudoutii and Galidictis fasciata.   
 

Ialatsara Lemur Forest Camp is a privately owned 1000 ha isolated rainforest preserve, approximately 25 

km northwest of RNP.  The reserve is made up of 10 forest fragments, intermixed with shrubby-grassland 

and agriculture.  It is located at a slightly higher elevation than RNP, ranging from 1000 m to 1500 m.  
Adjacent to the northern extent of the preserve are Eucalyptus and Pine plantations.  The rest of the 

matrix surrounding the preserve is a mixture of agriculture and family-level human dwellings.  Ialatsara is 

thought to have been isolated from the continuous tracts of rainforest for approximately 30 years.  This 
represents a significant time period in which the isolation from contiguous rainforest habitat may have 

dramatically changed the biodiversity and biomass of the forest inhabitants, including carnivore and 

primate species, in comparison to the larger Ranomafana National Park which is embedded in a large tract 
of rainforest that spans much of the east coast of the island.  Known primate species that occur at Ialatsara 

include Propithecus edwardsi, Cheirogaleus major, Microcebus rufus, Lepilemur sp., Hapalemur griseus, 

and Eulemur rubriventer.  Observed carnivore species include Galidia elegans and Fossa fossana. There 

have been no recent sightings of either Cryptoprocta ferox or Galidictis fasciata.  

 

 

 

Methods for Objective 1: Estimate the abundance, density, and probability of occupancy/use of 

rainforest carnivores in undisturbed rainforest, selectively logged rainforest and fragmented-isolated 
rainforest. 
 

Hypothesis 1: Ho: Traditional mark-recapture analyses and photographic-rate density estimates are  
    congruent. 

 
HA: Traditional mark-recapture analyses and photographic-rate density estimates are not      
       congruent. 

 

Sampling 
 

I will systematically camera-trap three forest types: pristine-undisturbed rainforest (Valohoaka), 

selectively logged rainforest (Vohiparara), and an isolated-fragmented rainforest patch (Ialatsara).  There 
will be a total of 10 months of sampling: 6 months in 2008 and 4 months in 2009.  All three forest types 

will be sampled in 2008 and depending on subsequent analyses, three forest types may be sampled in 

2009 by reduced effort at each forest type.  If analyses do not indicate this possibility, only two forest 

types (the primary forest and fragmented forest) will be sampled in 2009.  This sampling scheme will 
allow comparison of the three forest types in the first year, a minimum of two forest types in the second 

year and a minimum of two forest types across years.  All sampling will occur generally in the dry season 

(June-December) and more specifically across two micro-seasons: dry-cold (June-Aug) and dry-warm 
(Sep-Dec).   

 

The selectively logged forest, known as Vohiparara will be sampled first in 2008.  Vohiparara is located 
just north of the Centre Valbio research station, allowing all operations to be conducted from headquarters 

(Balko 1998).  Data collection is scheduled from June to August, 2008.  The pristine-undisturbed 

rainforest study area, known as Valohoaka, will be sampled from August to October, 2008 and June to 

July, 2009.  This site is located approximately 7 km from Centre Valbio via a well maintained research 
trail.  Operations will be based at the Valohoaka research camp, which is known to have fresh water for 

camp logistics.  The isolated rainforest fragment known as Ialatsara will be sampled from mid-October to 

early December, 2008 and July to August, 2009.  Operations will be based out of the private reserveôs 
tourist lodge.  

http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/propi%202.JPG
http://www.madagascar-lemuriens.com/cheirogale.jpg
http://www.madagascar-lemuriens.com/sara%20pictures%20053.jpg
http://www.madagascar-lemuriens.com/lepilemur%20sp.jpg
http://www.madagascar-lemuriens.com/Hapalemur%20griseus%2002.jpg
http://www.madagascar-lemuriens.com/Rubriventer.jpg
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Each forest type will be sampled following standardized procedures.  A minimum of twenty-five camera 
stations will be deployed in a systematic grid with a random starting point to ensure sampling units 

(camera sites) are located randomly (see Fig 5 for graphic description).  The random starting point will be 

a minimum of 800m from each research camp in a systematic random direction (to ensure the grid is 

located within the protected area).  Specific sampling sites will be loosely planned by GIS evaluation, but 
only definitive after choosing the most appropriate sites within a 25m target radius of each planned site.  

having scouted the sites on the ground.  To increase capture rates, I will use maintained research trails 

when possible and correcting for bias with covariate data, such as on or off trail.  Secondary non-
permanent trails will be used between camera stations to aid logistic operations.  Sampling stations will 

consist of two independently operating camera-traps mounted on opposite sides of a trail and facing each 

other.  This will allow a ñcaptureò of both flanks of each animal, thus unambiguously identifying 
individuals in recaptures.  Exact camera setup, such as distance of cameras from each other will be suited 

to maximize photographic rates.  Cameras will be set to date and time stamp photographs to provide 

activity patterns of the ñcapturedò animals (Di Bitetti et al. 2006).  Non-Typical DeerCam (DC300) 

cameras were chosen because of this modelôs passive infrared detection, ease of setup and operation, high 
percentage of animal photographs under test operations in the lab (Swann et al. 2004) and in the lab 

(Kelly and Holub 2008), and comparatively low cost.  Due to Non-Typicalôs discontinuation of their 

DeerCam line, we will supplement with Reconyx PC85 cameras.  Camera theft is not anticipated, but 
malfunction and breakdown is unfortunately inevitable.  Approximately twenty replacement cameras will 

be available upon initial startup.  Cameras will be placed 20cm above the ground and set to be active for 

24 hours/day with a 30 second delay between consecutive photographs.  Cameras will ideally be checked 
every 10 days to ensure continuous operation.  A rigid schedule of battery and film replacement will be 

employed.  Camera batteries (AA & 9V) will be replaced on average every twenty-eight days or sooner if 

batteries are draining more quickly than expected (M.Kelly, personal communication).  Film use at each 

camera site will be monitored to judge when it is necessary to pull and replace film.  Film will always be 
pulled and replaced with a new roll if there are greater than 27 of 36 exposures.  

 

Camera Grid Details 
 

Despite the rapid expansion of camera-trapping in wildlife studies, there are still numerous unresolved 

criticisms of this technique.  One concern is how to best estimate the effective sampling area, which is the 

driving force behind a density estimate.  The traditional method developed for small-mammal studies has 
been to buffer the trapping grid with ½ MMDM (one-half the mean maximum distance moved between 

camera stations; a surrogate for home-range radius).  Camera trap spacing is known to greatly affect 

measures of MMDM and thus density estimates (Stickel 1954, Tanaka 1980, Wilson and Anderson 1985, 
Wegge et al. 2004, Dillon and Kelly 2007).  Most recently, Dillon and Kelly (2007) showed that ocelot 

density estimates were negatively correlated with distance between camera stations.  Although Tanaka 

(1980) found that this spacing bias is greatly reduced when individuals are captured six or more times, 
low density species such as the carnivores that I propose to study are often not captured at this high 

frequency.   

 

Due to the impact that spacing decisions have on density results, I have decided on two paths to minimize 
bias.  First, I have spent considerable effort to balance sampling needs, logistic constraints, and the lack of 

concrete quantitative evidence of Malagasy carnivore species home-range estimates to develop a spacing 

that is likely to achieve the goals of this study.  Second, I will analyze the data (see following density 
analyses section) with a relatively new maximum likelihood method that explicitly accounts for the 

spatial nature of this mark-recapture study design (Borchers and Efford 2007).  This approach does not 

depend on ad hoc estimates of home-range, such as MMDM. 
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Grid design has been optimized specifically for F. fossana, as it is the only carnivore that individuals can 

be reliably identified from photographs.  While C. ferox, the largest Malagasy carnivore is likely to be 
under the greatest danger of population declines and the greatest threat to lemurs, individuals cannot 

reliably be identified from photographs.  Secondly, the camera grid design necessary (e.g. camera spacing 

Ó 2 km apart) for this wide roaming carnivore is not logistically feasible at this time.  I still hope to 

estimate population state variables of C. ferox and other focal rainforest carnivore species (G. fasciata, G. 
elegans, E. goudoti ) with a non-traditional density estimator and occupancy (see Table 4, density 

analyses and occupancy/use analysis sections below).   

 
I will establish a 5*5-point camera grid with 0.8 km spacing between grid points and a random point of 

origin for sampling at each study area (Figure 5).  A camera spacing of 0.8 km will be employed to 

encourage no ñholesò within the trapping-grid.  In other words, no individual F. fossana that uses the 
trapping area has a zero probability of detection.  Eight-hundred meters was decided upon by evaluating 

among the uncertain estimates of home-range radius from the 2007 pilot study (using MMDM  as a 

surrogate for home-range), a single radio-telemetry study of F. fossana in the eastern rainforests, and 

natural history observations (Kerridge 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 feasible, I believe this grid will provide reliable results.  Contrary to most 

camera-trapping studies, I will use a 0.8 km true walking distance between camera stations, rather than 
linear map distance.  This will incorporate the reality of the mountain terrain in the sampling.  Not only 

will a true walking distance aid logistic operations, it is more consistent with a terrestrial mammalôs 

worldview. 
  

A spacing of 800 m between 25 camera stations translates to a trapping area of 16km
2 
(Figure 5).  This 

will sample an area of approximately 30 F. fossana home-ranges (based on a mean home-range radius of 

400 m); well above the recommendation of greater than 4 home-ranges by Maffei and Noss (2007).  The 
800 m camera spacing will also encourage site independence to properly estimate occupancy of Galidia 

elegans and most likely Galidictis fasciata.  Galidia elegansô home-range has been consistently estimated 

between 20 and 25 ha (Goodman 2003a), thus a mean radius of 268 m.  Although there is no home-range 
information available on G. fasciata, their small body size is likely to indicate a smaller home-range than 

the other species mentioned here.  Camera stations will be maintained at each forest type for a minimum 

of 40 nights to obtain a trapping effort of 1000 trap nights per study area, as recommended by simulation 

modeling by Carbone et al. (2001).   
 

Density Analyses:   

 
I will use three different approaches to estimating density: 1) traditional mark-recapture analyses with 

buffered camera stations by ½ MMDM to determine effective sampling area (Karanth and Nichols 2002, 

Silver et al. 2004), 2) Borcherôs and Effordôs (2007) spatially explicit maximum-likelihood method, and 
3) Rowcliffe et al. (2003) 2-dimensional gas model.  Each method along with its benefits and 

controversies are described below.  

 

The two opposing cameras per station will ñcaptureò both flanks of each animal that passes through a 
camera site, thus allowing for unambiguous identification of F. fossana by its unique spot pattern.  

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

will be recorded as a ñ1ò, whereas a non-capture will be a ñ0ò.  A capture history of ñ00101ò will indicate 
that an individual animal was caught on sampling occasion 3 and 5.  Temporal capture histories of each 

individual will then allow the use of capture-recapture analysis.  With many carnivore capture-recapture 

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

traditional method of combining the necessary successive days as one trapping occasion (Kelly, personal 
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communication) to achieve an adequate capture probability 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.  With pilot study data it 

was necessary to collapse C. ferox capture-histories so each sampling occasion was three-days, while F. 

fossana capture histories only needed to collapse to two-days.  Contrary to the pilot study, this study will 

not use bait, thus more days will likely be collapsed to a single sampling occasion.  
 

Given adequate sample size, I will evaluate eight a priori models with full closed capture-recapture with 

heterogeneity in program MARK (White and Burnham 1999) to make use of model selection with AIC 
(Burnham and Anderson 1998).  Models include: null, heterogeneity (2 mixtures), time, behavior (trap-

happy or trap-shy), and mixed combinations (M0, Mh, Mt, Mb, Mbh, Mth, M tb, M tbh).  For comparative 

purposes I will evaluate the same models in program CAPTURE (Rexstad and Burnham 1991), which has 
traditionally been the workhorse of population estimation with low sample size (Karanth and Nichols 

1998, Silver et al. 2004, Wegge et al. 2004).  CAPTURE will be solely used for analysis if sample sizes 

are not adequate to properly evaluate models in program MARK.  Preference is given to program MARK, 

as CAPTURE uses a discriminate function model selection algorithm that is not considered to perform as 
well as model selection (Stanley and Burnham 1998).  Given that a single ñbestò model is often not 

achievable, the AIC modeling paradigm allows for model-averaging to incorporate model uncertainty 

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

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

The short sampling periods (maximum 60 days) relative to a carnivoreôs long life and high survival will 
most likely not violate the demographic closure assumption.  However, geographic closure, especially in 

contiguous habitat is much more difficult to attain (Wilson and Anderson 1985).  Although closure is best 

evaluated biologically (Otis et al. 1978), an objective statistical test is still valuable.  I will employ three 

methods to test our closure assumption as no one method is robust for all scenarios.  First, I will use the 
Stanley & Burnham closure test in program CloseTest that tests a null model allowing for time-specific 

variation in capture probabilities (Stanley and Burnham 1999).  Second, I will use Otis et al. (1978) 

closure test in program CAPTURE that tests a null model allowing for heterogeneity in capture 
probabilities. Third, I will test the closure assumption by a likelihood ratio test between a constrained and 

unconstrained Cormack-Jolly-Seber (CJS) model in program MARK (White and Burnham 1999).  The 

CJS model will test the closure assumption by comparing the dataôs fit to an open population model 

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 incongruent, I will rely more heavily on the results of the Stanley & 

Burnham test, as it is found to be more robust than the Otis et al 1978 test and provides detailed 

subcomponent information, such as evidence of losses from the population that a likelihood ratio test in 
program MARK does not provide (Stanley and Burnham 1999, Boulanger and McLellan 2001, Boulanger 

et al. 2004).  

 
Traditional Density Estimation:  To estimate density of F. fossana, I will divide the estimated abundance 

of individuals in each study area by the effective sampling area.  Density variance will be calculated 

following the methods of Karanth and Nichols (2002).  There is still much debate as to how best estimate 

effective sampling area when home-range data are unavailable (Soisaloa and Cavalcanti 2006, Maffei and 
Noss 2007).  I 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 on half the mean 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 home-range radius(Dice 1938, Wilson and Anderson 1985), but the 

application to large roaming carnivore species is still uncertain.  
 



17 
 

Rather than buffering a trapping grid polygon (Karanth and Nichols 1998), the above method does not 

have to assume there are no ñholesò or areas with a zero probability of detection in the grid.  In the case 
where cameras are not perfectly spaced due to GPS error or logistical constraints, buffering each camera 

station with MMDM allows a more precise area estimate by not including area that is considered not 

covered, thus relaxing the no ñholesò in the grid assumption.  This method is also less prone to analysis-

related error that is possible when a minimum convex polygon is used to fit spatially distributed points. 
Depending on the software program, the fitted polygon to the points can be quite different, resulting from 

the software architectôs method of writing the polygon algorithm.  Unless there is a definitive shape to an 

animalôs home-range that can be used to buffer, it is best to standardize the procedure to allow 
comparisons across studies. 

 

Program Density:  F. fossana will also be evaluated by a maximum-likelihood method that frees the 
analyses from relying on the controversial MMDM method.  Program DENSITY uses a spatially explicit 

maximum-likelihood method to estimate density from capture-recapture data.  This approach uses the trap 

locations of each individual animal detected to fit a spatial model of the detection process to obtain 

estimates that are unbiased by trapping-grid edge effects (Efford 2007).  
 

2-Dimensional Gas Model:  The third density estimate does not rely on individually identifiable species 

and thus will be applied to all carnivore species.  The method of Rowcliffe et al. (2008) uses a two-
dimensional gas model to correlate photographic rates (photographs per unit of time) of a species to a 

density estimate (Rowcliffe et al. 2008).  This long used model in physics and biology assumes a circular 

zone around a stationary object with a smaller specific contact area.  For camera-trapping 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 density with photographic 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 status, 3) 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 assumption is unlikely, 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. 2003) and an enclosed animal park (Rowcliffe et al. 2008).  

 

The simplicity of this model makes it very useable given that the model parameters are obtainable without 
bias.  Additional field work will include estimating the detection zone of each camera-trap.  Group size 

and day range will be evaluated from published studies and personal communication with carnivore 

researchers who have unpublished data (e.g. Dr. Frankie Kerridge, Dr. Luke Dollar).  Presently, an 
undergraduate student (Kyle Waters) in Dr. Karpantyôs lab is evaluating C. ferox ranging data from two 

animals that were captured, collared, and followed for one-year in RNP from 1998-1999.  Day ranges will 

also be evaluated from allometric estimates for comparison (Carbone et al. 2005).   
 

Density estimation of F. fossana by the intensive mark-recapture analysis will be compared to the 

relatively new 2-dimensional gas model to see if they are congruent.  If relatively precise and congruent 

results are achievable using photographic rates analyzed with the 2-dimensional gas model, an efficient, 
low cost carnivore surveying method would be available for monitoring purposes in Madagascar and 

other regions of the world.  

 

Occupancy/Use Analysis 

 

There have recently been considerable developments of a general statistical and methodological approach 
to estimating occupancy (presence-absence or detection/non-detection) 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 probability and thus incorporates uncertainty 

into the determination of presence-absence.  A major benefit of this likelihood-based method is that its 
flexible framework allows for missing observations and covariate information to be incorporated into the 

occupancy analyses.  Site- and survey-specific covariate information can be useful for modeling 

heterogeneity of estimates as well as investigating habitat associations.  While population abundance 

estimators (e.g. mark-recapture and distance analysis) have had a long history of incorporating detection 
probability, presence-absence studies have not had this record.  The shift towards incorporating the 

detection process in presence-absence studies, better known now as detection-nondetection studies is 

considered a step towards producing a more reliable and robust methodology.   
 

A common criticism of traditional presence-absence 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 especially important when detection probability is extremely low, as with low-density 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 Habitat A indicate 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, rather than by a greater use. 

 
Patch occupancy estimation will be used for all species, but is most important for those species that 

cannot be reliably individually identified by photographs (C. ferox, G. fasciata, G. elegans, E. goudotii).  

C. ferox occupancy estimates will be interpreted as the probability of use of a site, as camera sites are not 
appropriately spaced for this wide-ranging carnivore (MacKenzie 2005a).  Occupancy models are based 

on detection histories of each sample unit, or site, rather 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 and non-detection 
from each camera station.  Program PRESENCE (MacKenzie et al. 2002b, MacKenzie et al. 2003b) will 

be used to select the appropriate model to compute parameter estimates.  Occupancy estimation is a 

relatively new methodology, but one that has already been successfully used with camera trap data on 
tropical forest mammals (Kawanishi 2002).  

 

The pilot study data were used to better understand the potential outcomes of this proposed studyôs 

occupancy estimation.  However, the incongruence of baiting between the two studies make it impossible 
to use exact numbers from the pilot study in power analyses.  I investigated multiple scenarios of 

detection probability, occupancy, and standard errors with the program GENPRES.  One important 

finding from the pilot study was that many rainforest Malagasy carnivores (C. ferox, G. elegans, F. 
fossana) have a decent detection probability when baited (å0.2-0.4) and extremely high probability of site 

use when sites are located on trails (å0.70-0.99).  Considering detection probability will be reduced by 

not baiting in this proposed long-term study, I hope to obtain somewhat congruent detection probabilities 
by running sites longer than the pilot study (e.g. 40-60 days in proposed study versus 20-25 days in the 

pilot study).  Also, not all sites will be placed directly on maintained trails, which will most likely 

decrease the probability of detection at each site.  Occupancy probabilities that are particularly high make 

it difficult to evaluate site differences that affect occupancy and detection probability.  In modeling with 
GENPRES I determined that if I sample 25 sites with an occupancy probability of 0.5 and a probability of 

detection of 0.4 for 10 surveys (0.1 for 40 surveys), I will obtain an adequate standard error of 0.1 for 

occupancy and 0.04 for detection probability.  
 

Trap Success 

 
An index of abundance 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 period (Di Bitetti 
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et al. 2006).  Trap nights will be calculated as the total number of complete 24-hour periods that one of 

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

rates as a correlate to local abundance remains controversial (Carbone et al. 2001, Carbone et al. 2002, 

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

in the different study areas.  While Rowcliffe et al.ôs (2008) recent publication was intended to advance a 
new model for density estimation, they subsequently provided considerable evidence for the use of trap-

success as an index to abundance.  Figure 2a in Rowcliffe et al. (2008) shows a linear trend between trap 

success and census density with an r
2
 of 69%.  Reporting trap success outcomes to park managers on 

target (e.g. native carnivores) and non-target species (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 population state variables of rainforest carnivore species among three study 

areas to examine effects of forest disturbance and co-existence relationships. 

 
Hypothesis 2: Ho: Carnivore speciesô densities and occupancy/use do not differ among pristine- 

     undisturbed, selectively logged, and isolated-fragmented rainforest sites. 
 

          Ha: Carnivore speciesô densities and occupancy/use differ among pristine-undisturbed,  
                 selectively logged, and isolated-fragmented rainforest sites. 

 

Comparing Forest Types and Evaluating Carnivore Co-Occurrence 

 

The camera-trapping grids at the three study areas, which encompass three levels of forest disturbance as 

described in the Study Areas section of this proposal, will provide the data needed to compare population 
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 considerable standard error overlap will indicate that past selective logging 
and fragmentation have no influence on present-day carnivore population state variables.  Habitat and 

landscape features will also be compared among the study areas.  I will incorporate habitat variables into 

models to explain density, occupancy/use, and trap success at each site to see if important covariates 
differ between sites.  Carnivore co-existence will be investigated by comparing the patterns of density, 

occupancy/use, trap success, and activity patterns among the study areas.  For example, the possible 

extirpation of C. ferox from the isolated rainforest fragment (Ialatsara study area) may result in an 

increased abundance of mesocarnivores as a result of decreased competition for food and habitat 
resources.  I describe my plans for analyzing activity patterns and co-occurrence of species with trap 

success and occupancy in Objective 3. 

 
I will explore micro- and macro-habitat use and activity segregation of the Malagasy carnivore species by 

three methods.  First, I will use the 2-species 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 probability as a parameter.  Second, I will use SAS to evaluate co-
occurrence with a contingency table chi-square analysis of naïve occupancy estimates.  Third, I will 

evaluate the 24-hr activity patterns of each carnivore species to determine if temporal segregation may be 

an important factor in their coexistence.  Specifically, I 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 influence periods 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 literature (Hawkins 1998, Dollar 

1999b).  For example, while C. ferox was originally reported to be strictly nocturnal, it has more recently 
been described as cathemeral in the literature (Dollar 1999b, Colquhoun 2006), with one study claiming 

that óFossa activity was unaffected by time of dayô (Hawkins and Racey 2005).  In our pilot study, we 

found that most photographs of C. ferox were taken at night, but we did record active individuals during 

daylight hours as well (B. Gerber et al. In Prep).  
 

 

 

Methods for Objective 3:  Examine the relationships among carnivore population state variables 

and habitat features across and between each study area (e.g. climatic conditions, landscape 

characteristics, microhabitat features, lemur abundance, and human activity). 

 
Hypothesis 3: Ho: Carnivores show no association with macro or micro-habitat characteristics within or  

     across study areas. 

 
             Ho: Carnivores show associations with macro or micro-habitat characteristics within or  

     across study areas. 

 
Micro - and Macro-habitat Sampling 

My study design conforms to sampling design I, sampling protocol C of Manley et al. (2002).  I will 
evaluate habitat use at the population level by comparing used versus un-used camera sites within and 

across the three study areas.  I will measure habitat at two scales: 1) macro-habitat or landscape-level 

features will be evaluated through geographic information system analyses, and 2) micro-habitat or site-

level features by sampling at each camera site.  Currently, I am limited by the availability of landscape-
level GIS data for macro-habitat analyses.  I am working with long-term researchers in RNP to obtain 

more in-depth GIS layers (e.g. satellite imagery of land cover).  Landscape level metrics currently 

available to me include: 1) village locations and population estimates 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 May-December 2008, I 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 the most up-to-date satellite imagery for the 

study areas.  

 
The micro-habitat scale will be defined as 300 m diameter centered on a camera station site (Figure 6).  

Tree density will be measured with the Point-Centered-Quarter (PCQ) method.  This method can be 

efficiently accomplished in the field and is likely to obtain reliable total plant density (Higgins 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 the point-intercept 

method.  Elevation will be measured 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 and detection probability.  

Distance from the camera station to open/running water will be measured with a tape measure up to 150 

m.  If open/running water is not apparent in the micro-habitat site measurements, it will be categorized as 
greater than 150 m.   

 

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 2002).  While this is not specifically a predator-prey study, it is of 
significant interest to understand if carnivores are spatially orienting around high lemur densities.  Both 

C. ferox and G. elegans are known to prey upon lemurs (Table 3).  Past research has indicated that C. 

ferox, the largest extant Malagasy carnivore is a significant lemur predator (Wright et al. 1997, Wright et 

al. 1998, Hawkins and Racey 2008).  C. ferox studied in the western dry forests have been shown to have 
a diet made up of 90% vertebrates, of which more than 50% were lemurs (Hawkins and Racey 2008).   

 

To obtain a lemur density estimate for each study area, I will use a distance sampling survey approach 
(Buckland et al. 2001).  Transects will be each column or row of cameras (4 km-long, see Fig. 5) in the 

camera-trapping grid and a survey will be each occasion a camera row/column is checked.  If each camera 

is checked on average every five days, this 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 incorporate a detection 

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 research technicians 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 useable, 60-80 observations is desired (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 will be 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 into pre-defined 

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

before any data is recorded for use in analyses.   

 
If sample sizes allow, I 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 sites in the grid by each carnivore that may be 

correlated with variation in lemur densities.  Recognizing 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 

species that will produce reliable estimates.  I expect to achieve relatively precise estimates for 

Propithecus edwardsi, Eulemur fulvus fulvus, and Eulemur rubriventer which are known prey species of 

C. ferox.  If the sampling schedule allows, I will conduct 10 night-time spotlighting surveys at each 
sampling grid.  Transects will be randomly chosen and walked on nights without rain.  To produce 

comparative results, all lemur surveys will be segregated to the austral winter (Jun-Oct), thus Valohoaka 

and Vohiparara will be surveyed in 2008 and Ialatsara surveyed first in 2009.  
 
Human-Use Sampling 
 

Carnivores around the world often do not have a positive relationship with humans.  In the absence of 
proper policy and enforcement, there has historically been a significant correlation between high human 

densities and carnivore species extinction rates (Woodroffe 2000).  For example, in Indonesia, Oô Brien et 

al. (2003) found that Sumatran Tiger abundance and habitat loss were significantly correlated with human 

density along the periphery of a protected area (O'Brien et al. 2003).  Parks and Harcourt (2002) 
conducted a meta-analysis 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.  These findings indicate that for some mammals, the activities around a protected area, regardless of 
the size of the area can still have a significant impact on large mammal population dynamics (Parks and 

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

strongly influence carnivore populations.  While the United States has greatly reduced, although not 
eliminated its predator bounty programs, there are still many large and meso-carnivores that are 

systematically killed each year by the U.S. Department of Agricultureôs Wildlife Services program.  The 

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. 2001) has led 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 forest, because of their tendency to raid 

domesticated fowl (Kerridge et al. 2003).  
 

To capture the use of each camera station by researchers, tourists, and local people, I will use the 

photographic record to determine human trap success and use versus not use.  Other indices of humans in 
the landscape (e.g human density, number of and distance to villages, number of households within 

villages, distance and density of roads) will be correlated with each camera station site and study area 

using GIS analyses.  

 

Within -Site Analyses of Micro- and Macro-Habitat Features 

 

I will use linear regression of habitat characteristics across a study area to predict each carnivoreôs trap 
success within a study area.  I will correlate micro- and macro-habitat variables, other carnivore speciesô 

trap success, and human trap-success with carnivores trap success as the response variable.  After 

evaluating univariate models, I will subsequently build multivariate models to examine interactions and 
additive effects among variables.  Additionally, I will use micro- and macro-habitat characteristics as 

covariates with occupancy/use of humans and each carnivore to examine the probability of occupancy of 

each carnivore species at a given site.  I will input variables as covariates in the program PRESENCE to 

evaluate additive and interaction effects among variables deemed important.  A priori hypotheses include: 
1) C. feroxôs probability of use and trap success will increase the further from human development, and as 

canopy cover and shrub cover increases; 2) G. elegans is expected to have a higher probability of 

occupancy and trap success closer to open water, and increase closer to human development; 3) G. 
fasciataôs probability of occupancy and trap success is expected to be generally low and decrease with C. 

ferox probability of use, and 4) F. fossanaôs density, probability of occupancy, and trap success is 

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

 
 

 

Optional Objective 4 and Methods:  Quantify the diet of C. ferox and the mesocarnivores (if 

scat is identifiable) in the austral winter. 
 
Hypothesis 4: Ho: C. feroxôs rainforest diet does not differ from the dry-deciduous forest diet or among      

undisturbed rainforest, selectively logged rainforest, and isolated-fragmented     
rainforest. 
 

HA: C. feroxôs rainforest diet differs from the dry-deciduous forest diet and among      
undisturbed rainforest, selectively logged rainforest, and isolated-fragmented     
rainforest. 

 

 

As this optional objective is not the main purpose of this study, we are relying on other peopleôs skills and 
schedules to accomplish this task.  Scat analyses often take a considerable amount of time, thus the 

completion of this objective may not align with my thesis timeline. 
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Sampling 

 
The diet of C. ferox and the mesocarnivores (if scat is identifiable) will be determined through 

opportunistic scat searches and subsequent fecal analysis.  The 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 the rainforest.  These 
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 considered a single sample if located within 3 meters and similarly weathered.  
 

C. feroxôs scat is considered uniquely characteristic (Hawkins 1998, Dollar 2006) and 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 10-14 cm long and 1.5-2.5 cm wide.  There are often 

noticeable amounts of hair in the scat of C. ferox.  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 station and 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 Antananarivo.  Scat will be analyzed by first separating fur, teeth, 

and 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 elements will 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 prey item (Hawkins and Racey 2008). 
 

 
Expected Outcomes and Measures of Success 

I expect to find that the population state variables of each carnivore species will differ between the two 

RNP rainforest study areas and the isolated-rainforest fragment study area at Ialatsara Private Reserve.  I 
suspect that the density of C. ferox in the rainforest will be lower than what has been documented in the 

western deciduous forest studies (Hawkins and Racey 2005).  I predict that 1) C. ferox and G. fasciata 

will be absent from the isolated fragment as they are hypothesized to be the least tolerant to human 
disturbance, 2) the absence of C. ferox will allow F. fossana and G. elegans to increase in density due to 

relaxed competition, and 3) F. fossana and G. elegans will exist at high densities 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 regarding G. fasciata suggests that it will be found at low densities in 
RNP, but we may be surprised 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 size.  There will likely be a significant increase in the density and use of 
the exotic Indian civet (Viverricula indica )as forest degradation increases, with highest levels being 

found in the fragmented Ialatsara study area.   

 
The possible differences in carnivore density between the undisturbed and selectively logged rainforest 

study areas within RNP are likely to be more subtle than the differences between RNP and Ialatsara.  I 

expect that F. fossana and G. elegans will increase in density as forest degradation increases up to some 

threshold that we may or may not be able to identify.  I do not expect to find differences between the 
undisturbed and selectively logged rainforest study areas within RNP for C. ferox or G. fasciata 

population state variables.   
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I expect to find few predictive micro-habitat measures of carnivore occupancy/use of a given site, while 
macro-habitat characteristics will be more important.  Of the micro-habitat features measured, I expect 1) 

G. elegans is likely to be found significantly more often near open water because one of its preferred prey 

items is crayfish (Dunham 1998, Goodman 2003a), 2) C. ferox will use intermediate levels of canopy 

cover because of increased prey accessibility (Fuller et al. 2007), and 3) F. fossana will use areas of high 
ground cover because of high small mammal densities (Dueser and H. Shugart 1978).   

 

I believe that important spatial and temporal niche differentiation will be apparent among the carnivores.  
Specifically, I expect to find G. elegans to be almost completely diurnal, F. fossana and G. fasciata to be 

mainly nocturnal, and C. ferox to be active day and night.  I believe that the mesocarnivores will 

disproportionally use sites with low C. ferox use.  With the absence of C. ferox from the isolated-
fragmented rainforest site, I expect F. fossana and G. elegans to broaden their habitat use 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 techniques 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 one outlet of relevance to the general public.  

I will assist in local professional development by providing detailed training to 1) one M.S.-level 

Malagasy student from the University of Antananarivo , 2) one Malagasy professional in the field of 
environmental sciences through the Malagasy governmentôs permitting process, 3) two local research 

assistants, and 4) Malagasy research staff at the Centre ValBio.  Training will involve technical aspects of 

data collection include GPS tracking and marking, deployment and setup 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 teamwork at all of the field sites 

utilized during the project.  These capacity-building activities will contribute to the advancement of 

Malagasy researchers and may lead to continued camera-trapping monitoring of carnivores after this 
projected is completed.  My public outreach will take three forms: 1) 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 

the United 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. student as well 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 O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M 

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

Data 

Collection 
          X X X X X X X      X X X     

     

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

Data 

Analysis 
   X X X X           X X X X X    X X   

     

Working 

Thesis  
                         X X X  

     

Final Thesis                              X X X   

Defense/ 

Publications 

submitted 

                             

    X 
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Research Activity 2008 

J F M A M J J A S O N D 

Trail Maintenance     X        

Train Technicians     X X       

Camera Deployment      X  X  X   

Camera and Lemur 

Sampling 

     X X X X X X X 

Habitat Sampling      X X X X X X X 

 

 

 

Research Activity 2009 

J F M A M J J A S O N D 

Trail Maintenance             

Train Technicians             

Camera Deployment     X  X      

Camera and Lemur 

Sampling 

     X X X     

Habitat Sampling      X X X     
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Figures and Tables 

 
Table 1. IUCN listing of all Malagasy Carnivores (IUCN 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_criteria1994 

Malagasy Carnivores Order  Family Assessment 
Listing 

Criteria  

Cryptoprocta ferox* Carnivora Eupleridae Endangered C2a 

Eupleres goudotii* Carnivora Eupleridae Endangered C2a 

Fossa fossana* Carnivora Eupleridae Vulnerable A1cde 

Galidia elegans* Carnivora Eupleridae Vulnerable A1cde 

Galidictis fasciata* Carnivora Eupleridae Vulnerable A1cde 

Galidictis grandidieri Carnivora Eupleridae Endangered B1+2b 

Mungotictis grandidieri Carnivora Eupleridae Endangered B1+2bc 

Salanoia concolor Carnivora Eupleridae Vulnerable A1ce 

 

 

Table 2. IUCN listing of rainforest Lemurs. (IUCN 2007). Listing Criteria Explanation: 

http://www.iucnredlist.org/info/categories_criteria1994 

Lemur Species Order  Family Assessment 
Listing 

Criteria  

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 Megaladapidae Not Described ? 

Microcebus rufus Primates Cheirogaleidae Lower Risk LR/lc 

Propithicus diadema edwardsi Primates Indridae Endangered A1cd 

Varecia variegata variegata Primates Lemuridae Endangered A1cd 

 

 

 
 

 

 

http://www.iucnredlist.org/info/categories_criteria1994
http://www.iucnredlist.org/info/categories_criteria1994
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Table 3.  Lemur predators (only carnivores) of Madagascarôs southeastern rainforest.  Adapted from 

Tables 13-15 in Goodman (2003), 4-7 in Karpanty and Wright (2007), and 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 

have been predated upon 

Body 

Mass 

Activity 

Pattern 

Dog (Canis familiaris) Microcebus rufus  40-80 g N 

    

Fossa (Cryptoprocta ferox) Cheirogaleus major 350-600 g N 

 Cheirogaleus medius 142-217 g N 

 Daubentonia 
madagascariensis 

3 kg 
N 

 Eulemur coronautus 1.7 kg C 

 Eulemur fulvus spp. 2.2 kg D, C 

 Eulemur mongoz 1.6 kg C, N 

 Eulemur rubriventer 2.0 kg C 

 Hapalemur griseus 0.7-1.0 kg D 

 Hapalemur simus 2.4 kg C 

 Lepilemur ssp. 0.6-1.0 kg N 

 Microcebus spp. 24-90 g N 

 Mirza coquereli 300 g N 

 Phaner furcifer 350-600 g N 

 Propithecus candidus 5-6.5 kg D 

 Propithecus diadema 3-6.5 kg D 

 Propithecus edwardsi 5.7-7.5 kg D 

 Propithecus tattersalli 3.5 kg D 

 Propithecus verreauxi 3.5 kg D 

 Varecia variegata 3.2-4.5 kg D 

    

Cat (Felis silvestris) Lemur catta  3.0-3.5 kg D 

 Cheirogaleus major 350-600 g N 

    

Ring-tailed mongoose 
(Galidia elegans) 

Cheirogaleus major 
Microcebus rufus  

350-600 g 
40-80 g 

N 

    

Indian civet (Viverricula 

indica) 
Lemur catta  3.0-3.5kg 

D 

a
Body masses and activity patterns as reported in Table 5.2 of Karpanty (2003) and (Patel 2005). 
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Table 4. Rainforest carnivore species that I expect to detect at Ranomafana National Park, Madagascar 

and the type of analyses I will use to estimate population state variables. 

Species 

Traditional 

Density 

Estimation 

Spatially Explicit 

Density 

(Program 

Density) 

2-Dimensional 

Gas Model 

Occupancy 

(Program 

Presence) 

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 (Ranomafana National Park and Ialatsara Nature Preserve)
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Kingdom Animalia 
    Phylum Chordata 
        Class Mammalia 

    Order Carnivora  
        Suborder Feliformia 

                           Family Eupleridae  
                         Subfamily Euplerinae   
                                     Cryptoprocta ferox (Fossa) 

                       Fossa fossana (Malagasy Civet) 
                       Eupleres goudotii (Malagasy Small-toothed Civet)  

                 Subfamily Galidiinae    
           Galidia elegans (Ring-tailed Mongoose) 
                                   Galidictis fasciata (Broad-Striped Mongoose) 
                                   Galidictis grandideri (Giant-Striped Mongoose) 
                                   Mungotictis decemlineata (Narrow-striped Mongoose) 
                      Salanoia concolor (Brown-tailed Mongoose) 
 

 

 

 

Figure 2:  Malagasy carnivore phylogeny tree. 
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Broad-striped mongoose (Galidictis fasciata) 

 

Ring-tailed mongoose (Galidia elegans) 

 

Malagasy Civet (Fossa fossana) 

 

Fossa (Cryptoprocta ferox)  

 

Exotic Indian Civet (Viverricula indica) 

 

Domesticated Dog (Canis familiaris ) 

 

Figure 3. Carnivores captured by cameras during the June-August 2007 pilot study in Ranomafana 

National Park, Madagascar.   
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Figure 4. Fossa fossana photograph identification by pelage spot patterns: top two photographs of the 

same individual and the third photograph for comparison. 
 

 

 

 
 

 

 
 

 


