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Thesis Working Plan: Introduction 

Asia Murphy 

Title: Assessing population ecology of fossa (Cryptoprocta ferox) and species richness of terrestrial 

vertebrates, as detected by remote camera traps and lemur transects, in Makira Natural Park, northeastern 

Madagascar. 

Goal: My goal is to further the conservation of Madagascar’s apex predator, the fossa, and overall 

rainforest biodiversity by providing the first estimate of fossa density in northeastern Madagascar and 

examining the effects habitat fragmentation, human activity and exotic species have on fossa density and 

overall species richness and composition, as detected by camera traps and lemur transects. 

Objectives: 

1. Compute density estimates for fossa in Makira and determine what factors—habitat 

fragmentation, habitat characteristics, prey (lemur) and interspecific (fanaloka; Fossa fossana) 

densities, human activity, native and exotic carnivore and small mammal occupancy—influence 

fossa density. 

2. Examine relationships between the characteristics of the terrestrial vertebrate community that can 

be detected by camera traps and lemur transects—i.e., species richness and community 

structure—at intact and fragmented sites, to fossa density, habitat fragmentation, human activity 

and exotic species presence.  
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INTRODUCTION 

Madagascar: the “Hottest” Hotspot 

Madagascar, often called “the eighth continent”, is the world’s largest oceanic island. It is highly 

prioritized as an area that harbors irreplaceable and highly vulnerable natural resources and is one of the 

“hottest” biodiversity hotspots, due to its high levels of endemism and the fact that only about 10% of its 

primary vegetation remains (Myers et al. 2000, Groombridge and Jenkins 2002, Brooks et al. 2006). 

Madagascar is home to 879 vertebrate species, with more being discovered every year (Durbin et al. 

2010, Goodman et al. 2011, Pabijan et al. 2011, Glaw et al. 2012, Radespiel et al. 2012). It is believed 

that we still are underestimating the true wealth of biodiversity on this threatened island (Goodman and 

Benstead 2005, Vieites et al. 2009).  Madagascar is a Crisis and a Global 200 Ecoregion, a Megadiversity 

country, an Endemic Bird, Mammal and Amphibian Area and an area of high vascular plant diversity 

(Mittermeier and Mittermeier 1997, Olson and Dinerstein 1998, Eken et al. 2004, Hoekstra et al. 2005, 

Mutke and Barthlott 2005, Kreft and Jetz 2007). Eighty-three percent of the plants, 84% of the vertebrates 

and 100% of the terrestrial mammals found in Madagascar are endemic (Goodman and Benstead 2005). 

The array of unique species found on Madagascar is due, in large part, to the fact that it has been isolated 

from any other land mass for at least 88 million years (Storey et al. 1995). When Madagascar was 

colonized, the lack of competitors and abundance of empty niches was conducive to adaptive radiation, 

which has led to the island’s distinctive biodiversity. This distinctive biodiversity is under threat due to a 

lack of a centralized, concerted effort focused on sustainably managing natural resources and conserving 

threatened wildlife populations.  

The ultimate driver of threats to Madagascar’s biodiversity is that the island is home to a rapidly 

growing human population: Madagascar’s annual growth rate is 2.6%, as compared to the world’s annual 

growth rate of 1.1% (CIA 2013). Almost 15 of the 21 million Malagasy are living in rural areas and 

approximately 70% of the land area is used for agriculture, with a majority of farmers following the 
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traditional slash-and-burn agricultural practice (known locally as tavy) to grow rice, coffee, and vanilla 

(Keck et al.1994, World Bank 2011).  During President Marc Ravalomanana’s term (2002-2009), 

conservation of natural resources flourished, epitomized by the Durban vision, which tripled the total 

protected area in Madagascar, creating corridors between new and existing protected areas in order to 

protect rare habitats and watersheds (Norris 2006). However, in 2009, Andry Rajoelina took over office in 

a political coup d’état. With Rajoelina’s take over, both conservation and the economy suffered. Seventy-

five percent of Malagasy households currently live below the international poverty line, as compared to 

50% in 2004, under Ravalomanana’s regime (World Bank 2011, Ploch and Cook 2012, CIA 2013). The 

connection between poverty and increased threats to biodiversity and natural resources is well known and 

with the current political instability, threats to both the rainforest and wildlife, such as illegal and 

government-sanctioned logging and poaching, have increased (Fisher and Christopher 2007, Golden 

2009, Butler 2010, Ploch and Cook 2012). Madagascar’s biodiversity has long faced elevated risks to its 

biodiversity based on the rapid population growth alone; however, the more recent political and economic 

instability, with no end in sight as of this writing, intensifies the existing risks (Cincotta et al. 2000, 

McKee et al. 2003). Forty-four percent of Madagascar’s known vertebrates are listed as Vulnerable, 

Endangered or Critically Endangered, begging the question of how conservation biologists can protect 

these species in a country with few resources dedicated to conservation and management (IUCN 2012).  

In what has been termed the sixth mass extinction, conservation biologists world-wide are 

attempting to save the most species with the most efficient use of resources (Myers et al. 2000). Often, 

conservation biologists will focus on a species or a suite of species as a way to conserve a habitat, 

ecosystem, geographic area or a suite of species that are either related to, or dependent on, the species 

selected. The species conservation biologists focus on to achieve those goals are called surrogate species. 

Examples of the type of roles surrogate species play are umbrella, indicator, sentinel, or flagship (Caro 

and O’Doherty 1999, Sergio et al. 2008). In many cases, the effectiveness of surrogate species in 

protecting biodiversity is positive, but weak (Caro and O’Doherty 1999, Rodrigues and Brooks 2007). 
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However, carnivores, in particular apex predators, have the potential to be useful surrogates in the 

conservation of biodiversity due to their general life history characteristics. Because carnivores often 

require large home ranges, it is assumed that they would be especially well-adapted to be umbrella 

species, i.e. a protected area that is large enough to sustain a viable population of an apex predator should 

sustain viable populations of other species (Noss et al. 1996). Carnivores, especially apex predators, are 

generally the first species to come into conflict with humans, usually due to depredation of livestock, and 

decreases in habitat patch size affect them more than herbivores (Bender et al.1998, Woodroffe and 

Ginsberg 1998). This sensitivity to habitat loss and human activity could make apex predators potentially 

useful as indicators of human influence on the landscape. And, although the evidence is mixed and seems 

to be context dependent, it is often thought that carnivores and apex predators are able to influence the 

populations and behavior of other species either directly (predation) or indirectly (creation of a landscape 

of fear;  aundré et al. 2001, Sergio et al. 2008).  

Madagascar is home to a wealth of endemic raptor and carnivore species that could potentially be 

used as surrogate species for conservation planning. My proposed study focuses on the endemic carnivore 

family, Eupleridae, which can be split into two subfamilies—Euplerinae and Galidiinae—and contains 

eight extant species (see Table 1). The monophyletic family, closely related to the family Herpestidae, 

epitomizes the adaptive radiation that gave rise to Madagascar’s diversity
 
(Yoder et al. 2003). 

Morphology, diet, and habitat use vary widely among the eight carnivores, ranging from the insectivorous 

falanouc (Eupleres goudotii) to the omnivorous, yet infamous primate predator, fossa (Cryptoprocta 

ferox). Exemplifying how little we know of Madagascar’s carnivores is the recent discovery of a new 

species, Durrell’s vontsira (Salanoia durrelli), in the Lac Alaotra marshes of eastern Madagascar (Durbin 

et al. 2010). Out of the eight extant species listed on the IUCN Red List, only one is of Least Concern. 

The population trends of all are either decreasing or unknown
 
(IUCN 2012; see Table 1). Despite their 

threatened status, there is a lack of peer-reviewed studies on Malagasy carnivores, with a majority of 

those studies being located in the deciduous forests of the west. To date, there have only been a handful of 
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studies on carnivore ecology in the eastern rainforests (Dollar 1999, Farris and Kelly 2010, Gerber et al. 

2010, Kotschwar 2010, Dolch 2011, Farris et al. 2012, Gerber et al. 2012a, b and c). 

 The three factors that drive biodiversity loss and threaten carnivores in Madagascar, all of which 

have humans as an ultimate cause, are continuing habitat loss/fragmentation, bushmeat hunting/poaching 

and exotic species encroachment (Irwin et al. 2010). Out of the 390 vertebrate species that are listed by 

the IUCN as Vulnerable, Endangered or Critically Endangered, approximately 87% are threatened by 

agriculture and ranching, 67% by logging and wood harvesting and 25% by hunting (IUCN 2012). 

Bushmeat hunting/poaching is either known or suspected to be a threat to 62% of Madagascar’s 

carnivores; habitat loss and interactions with exotic species are either known or suspected to be a threat to 

100% of Madagascar’s carnivores (IUCN 2012; see Table 1). In general, with increasing human 

populations, habitat becomes simplified and fragmented, poaching pressure on wildlife populations 

increases, and endemic species diversity declines as human-introduced species replace natives (Irwin et 

al. 2010). In my proposed study, I will explore how these three factors impact densities of Madagascar’s 

apex predator, the fossa (Cryptoprocta ferox), and general patterns of biodiversity in Makira Natural Park 

(hereafter ‘Makira’; see Fig. 1).  In the following sections, I review details on these threats globally and in 

Madagascar. 

Threats to Madagascar’s Carnivores and Associated Biodiversity 

Habitat loss/fragmentation:  Habitat loss is one of the greatest threats to global biodiversity and 

can lead to the creation of “islands” in a “sea” of inhospitable, non-habitat (MacArthur and Wilson 1967, 

Tilman et al. 1994, Cox et al. 2003, Crooks et al. 2011). Reduced patches of habitat are vulnerable to edge 

effects and increased patch isolation can negatively affect individual movement, genetic flow, and other 

natural processes necessary for populations to remain viable, thus increasing population susceptibility to 

extinction (Fahrig 2003, Banks et al. 2005a and b, Craul et al. 2009, Crooks et al. 2011). Carnivores are 

negatively affected by decreases in habitat patch size and they seem more vulnerable to edge effects in 
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regards to contact with human populations resulting in human-wildlife conflict (Bender et al. 1998, 

Woodroffe and Ginsberg 1998).  Madagascar ranks as the sixth biodiversity hotspot in the world 

predicted to lose the most species due to continuing forest loss (Brooks et al. 2002). Between 1990 and 

2000, 80% of Madagascar’s forests were within 1 km of a non-forest edge and 45% of forests were in 

patches with an area less than 500 km
2 
(Dufils 2003, Harper et al. 2007). The negative effects of habitat 

loss and fragmentation on Madagascar’s species have been documented across birds, amphibians, 

lipotyphlans (insectivorous small mammals endemic to Madagascar) and carnivores (Goodman and 

Rakotondravony 2000, Vallan 2003, Watson et al. 2004, Lehtinen and Ramanamanjato 2006, Gerber et al. 

2012b). However, there have been no studies examining the effects of habitat fragmentation on species 

occupancy or density on a large spatial and temporal scale in northeastern Madagascar until recently, with 

the beginning of Zach Farris’ (doctoral student, Virginia Tech) camera trap surveys in and around Makira 

Natural Park. Habitat continuity seems to be especially important to Malagasy carnivores, with the larger 

species absent from isolated habitat patches (Gerber et al. 2012b). With the 2009 political crisis, 

logging—illegal and legal—has increased, destroying important habitat continuity and further 

fragmenting remaining forests (Butler 2010, Ploch and Cook 2012).  

Bushmeat hunting/poaching: Bushmeat hunting is widespread, but little studied, in Madagascar 

despite the documented negative effects of such hunting elsewhere (Fa et al. 2002, Brashares et al. 2004, 

Jones et al. 2008, Golden 2009, Golden 2011, Jenkins et al. 2011, Razafimanahaka et al. 2012). For 

example, a decrease in fish abundance in Ghana led to sharp declines in the populations of 41 species of 

wildlife as locals shifted their harvesting activities from fish to wildlife (Brashares et al. 2004). A study in 

Tanzania shows that, as is often the case in countries where conservation lacks centralized and focused 

effort, poaching brings significant benefits in the form of protein sources and additional income to 

poachers, as compared to the relatively small risks of being captured and fined for the illegal activity 

(Knapp 2012). Since localized monitoring and enforcement of bushmeat-related environmental legislation 

from President Ravalomanana’s term has degenerated, it is likely that poaching in Madagascar is now 
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significantly more rewarding and less risky (Golden 2011). Bushmeat hunting is intricately tied to local 

welfare, especially in and around Makira; for example, the annual income in Makira is approximately $70 

(US) and 12-37% of that income comes from bushmeat harvest (Golden 2011). Prices for carnivores in 

and around Makira range from $0.31 to $1.06 per kilogram of meat. To compare, chicken prices in this 

area are $1.87 per kilogram (Golden 2011). Forty percent of households hunt carnivores and the average 

household spent almost half the year annually setting up snares or tracking carnivores to hunt. Sixteen 

percent of the average diet composition in Makira is wildlife (excluding fish), although the majority of 

what is eaten is more than likely smaller-bodied, common animals like the common tenrec (Tenrec 

ecaudatus; Golden 2011). Although domestic sources of meat (chicken, zebu) are preferred, replacing 

bushmeat with zebu or chicken would cost anywhere from 39-90% of a local person’s annual income, 

making it unreasonable without the introduction of incentives (Golden 2011, Jenkins et al. 2011).  

Where fady (social taboos) will not allow the consumption of certain species as bushmeat, 

carnivores are killed if they threaten—or are believed to threaten—poultry (Hawkins 1998, Dollar 1999, 

Jones et al. 2008, Golden 2009, Kotschwar 2010). In south-central Madagascar, near Ranomafana 

National Park, there were widespread negative views on carnivores based on relatively few livestock 

depredations and fossa were usually killed because of poultry depredation (Kotschwar 2010). This is 

perhaps because poultry are more valuable to locals than native carnivores. Attempting to determine the 

extent of the use of lethal retaliatory measures could be underestimated in interviews because respondents 

were afraid of punishment (Kotschwar 2010). Our camera traps in Makira have recorded fossa at different 

study sites that are missing tails—potentially due to machetes—and a fossa with a snare caught around its 

neck (Fig. 2). Whether for bushmeat or retaliation for chicken depredation, poaching of fossa in Makira is 

almost certainly unsustainable, although the threat is obscured due to a lack of basic fossa abundance data 

in the region (Golden 2009).  

Exotic Species: Exotic species are cited as a leading driver of decreases in global biodiversity and 

increases in species extinction rates (Courchamp et al. 2003, Medina et al. 2011). The threat of exotic 
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species is exacerbated by the already mentioned threat of habitat fragmentation, as habitat disturbance and 

fragmentation can lead to edge effects and the creation of habitats favorable to exotic species, which can 

then increase native species’ vulnerability to displacement or predation by the exotic species (Lacerda et 

al. 2009, Lehtonen et al. 2001). While Madagascar has many exotic plant and animal species, my study is 

most concerned with the impacts of four exotic mammals present in Makira: the domestic/wild cat (Felis 

spp.), the domestic dog (Canis familiaris), the small Indian civet (Viverricula indica) and the black rat 

(Rattus rattus). Feral cats are extremely opportunistic hunters; cats have contributed to at least 14% of 

modern bird, mammal, and reptile extinctions and can have significant negative impacts on insular 

endemic species (Fig. 3; Bonnaud et al. 2011, Medina et al. 2011). Gerber et al. (2012c) found that there 

was a negative relationship in occupancy probability between cat and ring-tailed vontsira (Galidia 

elegans) in Ranomafana National Park (southeastern rainforest). The impact of feral cats on native prey 

populations can be exacerbated by inexperience of native prey with feline hunting styles and by the 

presence of introduced prey populations, which can subsidize cat populations and increase predation 

pressure on the native prey populations (Medina et al. 2011). Both domestic and wild cats were 

introduced to the island, but whether the feral cats that exist in forested areas are domestic, wild, or 

hybrids remains unclear (Goodman et al. 2003). Dogs currently have a cosmopolitan distribution, yet 

there have been few studies on their impacts on native wildlife populations. Free-ranging dogs in rural 

environments have the potential to be effective predators, but the greatest impact dogs might have on wild 

populations—especially native carnivores—is that of disease transmission (e.g. canine distemper), with 

several studies in other countries indicating that interactions between wild carnivores and dogs led to 

significant population declines in wild carnivores (Lacerda, Tomas and Marinho-Filho 2009, Vanak and 

Gompper 2009). Dogs might also be effective interference competitors, especially with medium- and 

small-sized carnivores (Lacerda, Tomas and Marinho-Filho 2009, Vanak and Gompper 2010). The small 

Indian civet is widespread in southeast Asia, where it is native, and seems to benefit from habitat 

disturbance (IUCN 2012). It is unclear when small Indian civets were introduced to Madagascar; 

however, it is proposed that they have the potential to prey upon lemurs (Fig. 4; Goodman et al. 2003). In 
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addition, small Indian civets might interact negatively with ring-tailed vontsiras and fanaloka (Gerber et 

al. 2012c). There is currently no absolute evidence that introduced rats have displaced native small 

mammals on islands through competition, although the black rat has been implicated in 15.9% of insular 

small mammal extinctions since the 1500s (Harris 2009). Rats can be vicious predators (especially of 

ground-nesting birds) but in regards to Madagascar, the replacement of native small mammals with the 

introduced black rat is thought to be attributed not to competition but to disease transmission (Ganzhorn 

2003, Harris 2009). The few studies examining the impact of introduced species on native species in 

Madagascar have shown dogs potentially interacting antagonistically with native wildlife and feral cats 

and dogs preying upon lemurs (Brockman et al. 2008, Gerber et al. 2012c). 

Apex Predators as Surrogates: The Fossa as a Case Study  

The largest extant Malagasy carnivore is the fossa, a “puma-like” creature with a ferocious 

reputation. It exists at low population densities throughout Madagascar and although it was originally 

believed to only live in intact and undisturbed forests, camera trapping and local interviews in the east 

suggest that occasional use of fragmented forest is possible (Hawkins 2003, Kotschwar 2010, Gerber et 

al. 2012b). The fossa was originally believed to be a primate specialist—it is the only predator in 

Madagascar capable of preying on adults of all extant lemur species—but studies have shown that the 

fossa’s diet seems to depend on the relative abundance and structure of the prey community (Goodman et 

al. 1997, Dollar et al. 2007, Hawkins and Racey 2008). Its chosen prey species are mainly mammals, 

although Goodman et al. (1997) found crabs and seeds in fossa scat. Fossa can limit their prey 

substantially: Irwin et al. (2009) found that the fossa caused extirpation of diademed sifaka (Propithecus 

diadema) from a forest fragment. Lemur behavior is significantly influenced by the presence (or absence) 

of fossa (Karpanty and Wright 2007, Kotschwar 2010). Fossa also occasionally prey upon other 

predators: Hawkins (1998) noted the presence of narrow-striped vontsira (Mungotictis decemlineata) in 

fossa scat and Kerridge et al. (2003) believed that two of their collared fanaloka were depredated by 

fossa. In some sites in Ranomafana, fanaloka experienced a “marked temporary population increase” 
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following fossa extirpation, a classic sign of mesopredator release (Crooks and Soulé 1999, Dollar 2006). 

Dollar (1999) found that its activity can be termed cathemeral and they suggested that fossa match their 

activity patterns with that of its main prey species on the study site—large diurnal lemurs. Gerber et al. 

(2012c) found that fossa were largely crepuscular and tended to be more active at night during the day. 

Whether this is due to prey behavior or avoidance of domestic dogs, or some other factor, is uncertain. 

See Table 2 for a summary of field studies on fossa.   

Madagascar’s conservation challenges epitomize the worldwide urgent need to protect as many 

species as possible with limited resources. Along with understanding basic fossa ecology, I am interested 

in exploring in what ways the fossa might be a suitable surrogate species in the eastern rainforest 

ecosystem. Certainly, if it is not already a flagship species for conservation in Madagascar, then it has the 

potential to be one, although perhaps not as popular as the ubiquitous ring-tailed lemur (Lemur catta). It is 

perhaps the only Malagasy carnivore relatively well-known in American and European zoos, it was the 

villain in Disney’s animated film Madagascar and it is also the subject of a T-shirt line available in 

Antananarivo, the capital city. In the paragraphs that follow, I summarize, based on what is known about 

the fossa, how effective fossa might be in other various surrogate roles:  

Fossa as a biodiversity indicator: Sergio et al. (2008) suggested that apex predators might be 

spatio-temporally associated with high biodiversity, possibly because apex predators require a large 

number of potential prey species, which allows for prey-switching. These prey species in turn would 

potentially have diverse requirements, implying ecosystem complexity. In two years of fossa scat 

collecting in Kirindy Forest, Hawkins and Racey (2008) found the remains of 68 species of birds, 19 

species of snakes, 23 species of lizards, two species of turtles, three species of tenrecs, seven species of 

small mammals, one species of a smaller carnivore (narrow-striped mongoose, Mungotictis 

decemlineata), and eight species of lemurs. Fossas can remove 19-29 percent of their selected prey 

species’ population annually (Rasoloarison et al. 1995, Hawkins 1998). Since the fossa’s diet seems to 

depend on prey abundance and community structure, this species may switch prey in times when their 
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main prey becomes scarce. This in turn would mean that a healthy fossa population would require either a 

sizable number of prey species or one extremely common species. Because their prey base is so varied 

(encompassing small birds to large lemurs), this would suggest that fossa might be used as biodiversity 

indicators in areas that do not have one species that is overly abundant. I hope to explore the relationship 

between fossa density and species richness in my study. 

Fossa as an umbrella species: Hawkins and Racey (2005) estimated fossa density in the dry 

western deciduous Kirindy Forest to be 0.26 km
-1 

;  Gerber et al. (2010; 2012b)  estimated fossa density in 

the eastern rainforests of Ranomafana National Park to be 0.17 km
-1

. The differences in these densities 

might be due to abiotic and biotic differences between western deciduous and eastern rainforest, such as 

prey abundance and distribution on the landscape. Gerber et al. (2012b) extrapolated their rainforest 

density of 0.17 km
-1

 and estimated that the conjoined Masoala-Makira and Zahamena-Mantadia-

Vohidrazana landscapes are the only protected areas on Madagascar likely to hold viable populations of 

fossa. Luhrs et al. (2012) satellite-collared nine male fossa in Kirindy Forest to examine genetic-

relatedness and spatial association; the minimum convex polygons (MCP) estimated from the spatial data 

ranged from 21-77 km
2
. Although the MCP estimated in  uhrs’ et al. (2012) study only came from 

approximately a month of tracking data, it is entirely likely that fossa have relatively large home ranges 

for their body size (Hawkins 1998). Given the large areas required by fossa, they may serve as useful 

umbrella species for the conservation of other species.  If national parks and protected areas focus on 

sustaining viable fossa populations, they should protect enough area to provide for other species. 

Fossa as a sentinel: Sergio et al. (2008) loosely define sentinel species as “condition indicators”: 

species that researchers can monitor to track ecosystem dysfunction, much like the canary in the coal 

mine. Apex predators can be especially sensitive to ecosystem dysfunction, often being the first to go 

extinct in an ecosystem and being sensitive to human influences on the landscape (Sergio et al. 2008). 

Kotschwar (2010) found that villagers did not see fossa further than 6.1 km from Ranomafana National 

Park’s boundary, while Gerber et al. (2012b) did not catch fossa on camera traps in a rainforest fragment 
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15 km from the contiguous forest. Dollar (2006) noted that the fossa is entirely absent from highly 

degraded dry forests in northwestern Madagascar, and that although it is occasionally found in slightly 

degraded forests, it is often found in low densities, presumably indicative of declining populations. 

Because of the lack of information on how fossa populations are affected by ecosystem disturbances such 

as habitat fragmentation, I am hesitant to hypothesize how well they would perform as a sentinel. As a 

part of my study, I hope to clarify the fossa’s ability as a sentinel species by examining the relationships 

between habitat fragmentation, human activity and exotic species encroachment to fossa density.   

Fossa can strongly influence prey populations and prey behavior. The fossa’s potential need for a 

large prey base and large areas over which to roam could make it fit well into the surrogate roles of 

biodiversity indicator and umbrella species. Whether it is sensitive enough to habitat fragmentation, 

human activity and other ecosystem disturbances will determine whether it can be used as a sentinel 

species. However, we have yet to estimate fossa density in northeastern Madagascar, which is estimated 

to hold about half of all of Madagascar’s biodiversity, and 95% of eastern Madagascar’s fossa population 

(Gerber et al. 2012b). My goal is to further the conservation of Madagascar’s apex predator and overall 

biodiversity by providing estimates of fossa density in northeastern Madagascar and examine the effects 

habitat fragmentation, human activity, and exotic species on fossa density and the species richness of 

terrestrial vertebrates that can be detected by camera traps and lemur transects. To that end, I have two 

objectives: 

1. Compute density estimates for fossa in Makira and determine what factors—habitat fragmentation, 

habitat characteristics, prey (lemur) and interspecific (fanaloka) densities, human activity, native and 

exotic carnivore and small mammal occupancy—influence fossa density. 

2. Examine relationships between the characteristics of the terrestrial vertebrate community that can be 

detected by camera traps and lemur transects—i.e., species richness and community structure—at intact 

and fragmented sites, to fossa density, habitat fragmentation, human activity and exotic species presence. 
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SCHEDULE 

Activity 2013 2014 2015 

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

Field work: 

Camera 

trapping and 

lemur 

surveys 

? ? X X X X                   

Data entry   X X X X X X X X X X             

Objective 1 

analyses 
       X X X X X X X X X X X X      

Objective 2 

analyses 
       X X X X X X X X X X X X      

Writing, 

defense and 

publication 

                   X X X X X 
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FIGURES AND TABLES 

Table 1. A list of Madagascar's carnivores, their geographic range, IUCN status, population trend and 

confirmed/suspected threats from the IUCN Red List (2012). * indicates that the threat is suspected. 

Common 

Name 

Scientific 

Name 
Geographic Range 

Present 

in 

Makira? 

IUCN 

Status 

Population 

Trend 
Threats 

Ring-tailed 

vontsira 

Galidia 

elegans 

Widespread over 

eastern rainforests; 

also western 

deciduous forests 

Y 
Least 

Concern 
Unknown 

Habitat loss, 

bushmeat 

hunting, exotic 

species*  

Broad-

striped 

vontsira 

Galidictis 

fasciata 

Widespread over 

eastern rainforests 
Y 

Near 

Threatened 
Decreasing 

Habitat loss, 

bushmeat 

hunting*, 

exotic species* 

Falanouc 
Eupleres 

goudotii 

Widespread over 

eastern rainforests 

and western 

deciduous forests 

Y 
Near 

Threatened 
Decreasing 

Habitat loss, 

bushmeat 

hunting, exotic 

species 

Fanaloka Fossa fossana 

Widespread over 

eastern/north-eastern 

rainforests 

Y 
Near 

Threatened 
Decreasing 

Habitat loss, 

bushmeat 

hunting, exotic 

species* 

Brown-tailed 

vontsira 

Salanoia 

concolor 

Restricted to 

northeastern 

rainforests 

Y Vulnerable Unknown 

Habitat loss, 

bushmeat 

hunting*, 

exotic species* 

Fossa 
Cryptoprocta 

ferox 

Widespread in 

forested landscapes 
Y Vulnerable Decreasing 

Habitat loss, 

bushmeat, 

exotic species 

Malagasy 

narrow-

striped 

vontsira 

Mungotictis 

decemlineata 

Restricted to 

southwestern 

deciduous forests 

N Vulnerable Unknown 
Habitat loss, 

exotic species 

Giant-striped 

vontsira 

Galidictis 

grandidieri 

Restricted to 

southwestern spiny 

forests 

N Endangered Decreasing 
Habitat loss, 

exotic species 

Durrell’s 

vontsira 

Salanoia 

durrelli 

Restricted to Lac 

Alaotra marshes 

(eastern 

Madagascar) 

N N/A Unknown 
Habitat loss*, 

exotic species* 
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Table 2. A non-exhaustive summary of studies on fossa ecology.  

Study 
Location; Time 

(Habitat Type) 
Methods (Sample Size) Results 

Rasoloarison et 

al. 1995 

Kirindy Forest, western Madagascar; 1993-1994 

(dry deciduous forest) 
Systematic scat collection (n = 114) 

--Majority of diet was lemurs (57%) 

--Preferred large prey over small prey 

--Fossa predation pressure might take 29% of prey 

population 

Goodman et al. 

1997 

Andrigitra Massif, south-central eastern 

Madagascar; 1995 (montane meadows) 
Opportunistic scat collection (n = 20) 

--Diet was varied, from vertebrate prey to seeds and 

grasshoppers 

--Fossa prey upon the most abundant prey available 

Hawkins 1998 

(Dissertation) 

Kirindy Forest, western Madagascar; 1994-1996 

(dry deciduous forest) 

Body measurements (n = 28), 

radiotelemetry (n = 10), systematic scat 

collection (n = 376), field observation 

--Morphometrics: evidence of sexual dimorphism 

--Diet: majority of prey were lemurs and prey abundance 

was positively correlated with incidence in scat 

--Spatial ecology: home range changes seasonally; male 

home ranges overlap 

--Females mate with multiple males at traditional sites 

--First discovery of transient masculinization in a female 

mammal 

Dollar 1999 
Ranomafana National Park, southeastern 

Madagascar; May-August 1996 (rainforest) 
Radiotelemetry (n = 2) 

--Fossa maintained a cathemeral activity pattern 

--Daily path lengths range from 2-5 km and home ranges 

overlapped by 30% 

--Heavy use of man-made trails when traveling for 

extensive periods of time 

--Both animals captured seemed smaller than western 

counterparts 

--Subadult male killed by villagers 

Hawkins and 

Racey 2005 

Kirindy Forest, western Madagascar; 1994-1996 

(dry deciduous forest) 
Box traps, CMR (n = 31) 

--Publication from Hawkins (1998) 

--Density estimated: 0.18 adults per km2 or 0.26 fossa per 

km2 

--Density is lower than predicted by fossa body size 

--Island-wide estimate of protected fossa population < 

2,500 adults 

Dollar 2006 

(Dissertation) 

Ankarafantsika and Kirindy Mitea National Parks, 

northern and western Madagascar; 1998-2005 (dry 

deciduous forest) 

Body measurements (n = 33), 

opportunistic scat collection (n = 244), 

deforestation analyses and literature 

review 

--No evidence of sexual dimorphism in Ankarafantsika 

--Primates comprised a substantial proportion of prey, 

but fossa diet is plastic—fossa is not a lemur specialist, 

per se 

--Conservation threats: deforestation, disease, exotic 

species, competition with dogs and hunting 

Dollar et al. 2007 

Ampijoroa Forestry Station and Lake Tsimalato in 

Ankarafantsika National Park; northwestern 

Madagascar; 2000-2001 (dry deciduous forest) 

Opportunistic scat collection (n = 287) 

--Prey body mass remained constant between dry and wet 

seasons 

--Fossa took a large proportion of chickens during the dry 

season 

Hawkins and Kirindy Forest, western Madagascar; 1994-1996 Systematic scat collection (n = 376) --Publication from Hawkins (1998) 
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Racey 2008 (dry deciduous forest) --90% of prey items were vertebrates; more than 50% 

were lemurs 

--131 different species, ranging from lemurs to turtles, 

were recorded 

Hawkins and 

Racey 2009 

Kirindy Forest, western Madagascar; 1994-1996 

(dry deciduous forest) 
Observation (n = 3 females) 

--Male fossa roam in search of females; females mate 

with multiple males 

--There is a potential for sperm competition 

--Mating occurs in trees and there seem to be traditional 

sites, perhaps based on water availability 

Gerber et al. 2010 
Ranomafana National Park, southeastern 

Madagascar; June-August 2007 (rainforest) 
Camera traps, CMR (n = 10) 

--Average of 0.17 fossa per km2 based on SCR (range: 

0.08-0.35) 

Luhrs and 

Dammhahn 2010 

Kirindy Forest, western Madagascar; 2007 (dry 

deciduous forest) 
Observation (n = 3 males) 

--Observed cooperative hunting between three male fossa 

Gerber et al. 

2012b 

Ranomafana National Park, southeastern 

Madagascar; 2008-2009 (rainforest) 
Camera traps (n = 4 surveys) 

--Fossa were not found in fragments > 15 km away from 

intact forest 

--Estimated island-wide population of 8,626 adult fossa, 

with only 2,635 in protected areas 

--Masoala-Makira and Zahamena-Mantadia-Vohidrazana 

only rainforest complexes that could hold > 300 adult 

fossa 

Gerber et al. 

2012c 

Ranomafana National Park, southeastern 

Madagascar; 2008-2009 (rainforest) 
Camera traps (n = 4 surveys) 

--Fossa were mainly cathemeral 

--“Notably absent or basically so at sites where dogs 

were most abundant and active” 

Luhrs et al. 2012 
Kirindy Forest, western Madagascar; 2007-2010 

(dry deciduous forest) 

Trapping (n = 33), satellite-tracking (n = 

9), genetics 

--Associated males often do cooperatively hunt, allowing 

them to take down bigger prey, thus allowing them a 

physical advantage against other males for females 
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Figure 1. Makira Natural Park and Masoala National Park in northeastern Madagascar.   
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Figure 2. (Top) Fossa captured on camera during 2012 survey of Anjanaharibe (AJB) with a vine tied 

around its neck and a fossa with a bobbed tail (Sahavary, bottom). Fossa with bobbed tails have been seen 

at four of the seven surveyed sites.  
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Figure 3. A cat caught during the 2012 survey of Anjanaharibe with a small mammal in its mouth.  
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Figure 4. The small Indian civet, which can sometimes be mistaken for the very species it might compete 

with (fanaloka).  


