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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 
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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 ( acerda 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 



[12] 

 

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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STUDY SITE 

This study will be conducted in northeastern Madagascar in Makira Natural Park. The newly 

designated Makira Natural Park (3724.7 km
2
; Fig. 1) is the largest natural park in Madagascar, with an 

equally large community-managed buffer of 3510.4 km
2
 (Farris et al. 2012). It is home to six of the ten 

known endemic carnivores in Madagascar and has the highest diversity of lemurs in the world (see Table 

3 for a list of lemur species observed from 2010-2012 by Zach Farris and me). Elevation ranges from 300 

to 1,447 m; the habitat is a mixture of lowland and mid-altitude rainforest, with large sections of degraded 

forest (Farris et al. 2012). Connected by a relatively narrow bridge of intact rainforest to Masoala 

National Park, the Masoala-Makira landscape is the largest protected area complex in Madagascar 

(7327.5 km
2
, excluding buffer zones), harboring incredible biodiversity and protecting many threatened 

species. The Wildlife Conservation Society (WCS) estimates that half of all of Madagascar’s biodiversity 

resides within the connected Masoala-Makira boundaries (Holmes 2007). It is believed that the Masoala-

Makira and Zahamena-Mantadia-Vohidrazana complex a little further to the south hold 95% of the 

eastern fossa population (4,252 individuals; Gerber et al. 2012b). There is continuing fragmentation in 

Makira, along with unsustainable bushmeat hunting, due to the growing human demand on the forest and 

wildlife by the approximately 270,000 Malagasy living within or near Makira (Meyers 2001, Holmes 

2007, Golden 2009, Butler 2010, Golden 2011).  

Zach Farris completed the first long-term study on carnivores and carnivore ecology in Makira. 

He conducted his research at seven sites, two of which were resurveyed on multiple occasions, for a total 

of eleven surveys (Table 4 and Fig. 5) As Farris was interested in the effects of fragmentation and 

poaching on carnivore communities, the information used to select these sites included poaching data 

from Golden (2009), the distance of the site to nearest village, connectivity levels with other forests and 

data from the pilot study conducted by WCS and Dr. Marcella Kelly (Virginia Tech) in 2008
 
(Farris and 

Kelly 2010). The logistical constraints of traveling to potential field sites were also a deciding factor on 

which sites were included in the study. Farris found a reduction of fossa trap success and occupancy rates 
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in fragmented sites as compared to sites in contiguous forest and, overall, all six carnivore species showed 

a preference for intact forests with a low human and invasive presence
 
(Farris and Kelly 2010). 

Topographic features—such as steep slopes—seemed to have the most influence on human use of forests, 

rather than the numbers of adjacent villages.  

 My study will use data collected by Zach Farris and his WCS collaborators at seven sites during 

all 11 surveys; I assisted in collecting these data during the second survey of Mangabe (MGBII) and the 

fourth survey of Anjanaharibe (AJBIV) in June-August 2012 (see Table 4 for pertinent information on 

study sites and camera trap surveys).  Additionally, I propose to return to two of the study sites—AJB and 

Farakarina (FRK)—to collect additional data. AJB is of particular importance as it is located along a 

critical corridor connecting portions of Makira Protected area (see Fig. 5), it has been surveyed four times 

in the past five years and all six of the carnivore species found in Makira have been documented there, 

along with the endangered red ruffed lemur (Varecia rubra) and the critically endangered silky sifaka 

(Propithecus candidus). FRK, designated by Farris as a fragmented forest site, is estimated to be isolated 

from other forest by approximately 5 km on all sides. Fossa, falanouc, and ring-tailed vontsira are the 

only native carnivores that have been documented at FRK.  

There is also a possibility that a new site, Amparihibe (AMP), will be surveyed for the first time. 

AMP is located in extremely remote, intact rainforest, 4.2 km N of the Antanambalana river and 17.9 km 

W of the nearest major village, Ambodiangezoka. The composition and dynamics of the carnivore 

community here remain unknown. A survey of this undisturbed forest site would serve as a 

baseline/control site, allowing us, through comparison, to better understand the effects of fragmentation, 

human encroachment, and invasive species on Madagascar’s endemic carnivore and greater ecological 

community. If funding limits my ability to return to all sites, my priority of resurveying will be 1) AJB, 2) 

FRK, and 3) AMP. 
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WCS has been working and conducting research in Makira since 1994 and is committed to long-

term conservation activities in the region, including but not limited to activities surrounding forest carbon 

sequestration as part of the Makira Carbon Company. WCS has been an invaluable partner in prior 

research in Makira by Virginia Tech and continues to be extremely interested in any research conducted, 

including this current project to examine fossa ecology.  WCS has asked that the findings of this study be 

combined with that of the now-completed study by Zach Farris to create a carnivore conservation plan for 

Makira. 
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FIELD METHODS 

 As noted above, I will use camera-trapping, habitat, and lemur transect data from seven study 

sites collected between 2008-2012 and I am seeking funding to conduct 1-3 additional surveys in 2013.  

In the following paragraphs, I describe the field methods used in the already completed surveys. 

Methodology for future surveys will follow these protocols.  

Camera Trap Surveys 

In addition to already completed surveys, I will conduct non-invasive, systematic camera trap 

surveys at AJB and FRK, potentially beginning June 2013 for a total of four months of sampling. 

Depending on funding, FRK will potentially be surveyed during June and July of 2013. AJB will be 

sampled in September and October of 2013. If funding is only secured for one site the priority will be 

AJB as this would be the fifth survey of this site during the same season, permitting possible survival 

analyses of marked individuals. The survey of AMP, dependent on funding, will be undertaken around the 

same time as AJB, in collaboration with Zach Farris. This sampling time coincides with Madagascar’s 

dryer season (June-December). Remote camera traps use infrared technology to detect wildlife and are a 

robust, non-invasive method to document species presence, activity, occupancy, density, behavior, and 

habitat use (see Farris et al. 2012). Each site will be surveyed a maximum of 60 days to minimize risk of 

violating the assumption of demographic closure and will consist of approximately twenty-four camera 

stations that will be deployed in a systematic, fixed grid, similar in location and placement to Zach Farris’ 

camera trap grids (see Fig. 6).   

Each camera station will be located on a human-made or game trail to increase capture rates 

(Maffei et al. 2004, Sanderson 2004, Dillon and Kelly 2007). Stations will consist of two cameras, 

positioned on each side of the trail and facing towards each other at an angle. Two cameras will ensure 

that we will be able to capture both sides of an animal or that a minimum of one camera will be working 

if the other camera happens to malfunction. Cameras will be placed 20-30 cm above the ground to 
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maximize capture probability of carnivores and set to be active for 24 hours/day with a 30-second delay 

between consecutive photographs. The cameras will be set at a predetermined number of photographs per 

trigger (e.g., Moultrie cameras will be set at 3 shots per trigger). Date and time of each capture will be 

recorded by cameras. Camera theft is not anticipated but malfunctions are inevitable, especially due to 

heavy precipitation, even during the drier season. We have budgeted for plenty of replacement cameras. 

Cameras will be checked every 10 days to ensure continuous operation. When cameras are checked, we 

will trigger cameras with a placard with the date, camera station, camera id and survey (e.g. AJBV). 

During each camera check, we will replace memory cards. If needed, we will replace batteries (AA or C) 

and/or switch out cameras.   

Camera stations will be approximately 500 m away (as the crow flies, not accounting for 

elevation changes) from other camera stations. Appropriate camera spacing ideally should be based on the 

home range of the focal species (Sanderson 2004, Dillon and Kelly 2007). However, there is little robust 

data on fossa home ranges in the eastern rainforest. Basing camera spacing on average western fossa 

home range (~4 km
2
 [radio-telemetry] and 52.39 km

2 
[satellite-collar]; Hawkins and Racey 2005, Luhrs et 

al. 2012) will make running a camera trap grid almost logistically impossible due to the ruggedness of the 

terrain and the dependence on travel by foot. As a result, we will follow Dr. Kelly’s camera spacing from 

the original AJB survey in 2008, which resulted from the estimated fanaloka home range, the only 

Malagasy carnivore that can be reliably and consistently individually identified. This will provide a two-

dimensional total survey area of just over 10 km² at each site. This area calculation does not include 

elevation changes. For those sites (AJB and FRK) which will be resurveyed, we will use GPS locations to 

place the cameras in as close to possible the same locations as used by Farris in earlier surveys.  

Habitat Data Collection and Lemur Transects 

Habitat data for each site that has been surveyed have already been collected and are in the 

process of being analyzed by Zach Farris. Currently, we have macrohabitat data in the form of satellite 
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imagery for the years of 2004, 2006 and 2009; microhabitat data were collected during the initial survey 

for each site. For AJB, microhabitat data were collected only during 2010. I will conduct new 

microhabitat data collection for all sites that I resurvey as part of my fieldwork, as well as attempt to 

collect recent macrohabitat data in the form of satellite imagery or GIS layers from WCS. I will rely on 

Farris’ habitat analyses for surveys conducted by him.  Macrohabitat characteristics—e.g., distance to 

village, distance to edge, habitat type and % cover—will be collected using available GIS layers and 

analyzed using the landscape structure analysis program FRAGSTATS in ArcGIS. Microhabitat data 

collection follows Davis et al. (2011; Fig. 7), with camera stations being the focal point of three 50 m 

transects angled at 0°, 120° and 240°. Canopy cover, type and height are classified every 10 m (including 

at the camera station) for 13 canopy points per station. At 25 m and 50 m on each of the three transects, 

tree density is estimated using the point-quarter technique. Data collected include distance to nearest tree, 

diameter at breast height (DBH) and whether the tree was alive or dead. Trees are identified to species 

where possible. Understory is sampled using a point intercept technique. Understory cover is sampled 

using 40 m long transects centered on and running perpendicular to the original 50 m transect, starting at 

20 m and 40 m on each of the three transects. Every two meters, researchers drop a two-meter long pole, 

and record if vegetation is in contact with the pole at three height intervals (0.0-0.5 m; 0.5-1.0 m; 1.0-2.0 

m). Percent understory cover for each height interval, on each transect, will be calculated as the number 

of points in contact with vegetation divided by total points recorded, multiplied by 100. Mean values for 

each height interval will be compared and variation will be measured to estimate heterogeneity of 

understory cover using the appropriate methods. Overall, habitat analytical techniques that are appropriate 

for this suite of data are still being explored, although they will be similar to Gerber et al. (2012a, b and 

c). 

Because of the high diversity of lemurs in Makira, the lack of rigorous density estimates of lemur 

species in the northeastern rainforests, and the fact that lemurs can make up more than half of the fossa 

diet and may be an important component of the diet of other carnivores, lemur transects have been used to 
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estimate lemur density at each site, concurrent with camera trap surveys (Rasolonandrasana 1994, 

Hawkins 1998).  I will continue these lemur surveys at any new survey sites. These lemur transects 

provide us with the opportunity to examine carnivore density in relation to lemur density; it also gives us 

extremely valuable density data for many species of lemurs, which are flagship species for Madagascar 

and are vulnerable to widespread forest degradation. To determine lemur densities, standard line transect 

methods and distance estimation techniques were used and will be used in upcoming surveys (Burnham et 

al. 1980, NRC 1981, Whitesides et al. 1988, Buckland et al. 1993, Merenlender et al. 1998, Sterling and 

Rakotoarison 1998, Peres 1999, Buckland et al. 2001). Line transects will follow either previously used 

WCS survey transects or the line transects originally established by Farris. Farris used existing trails that 

extended to greater than 2 km whenever possible to avoid creating new trails and to lessen the impact on 

the forest. There will be four established two km long transects per camera grid that are marked in 50 m 

intervals. These transects will be surveyed a minimum of 10 times per survey (five diurnal and five 

nocturnal) for a total distance on each one-way transect of 20 km (providing the division in diurnal and 

nocturnal surveys), a total of 40 km for the two one-way transects at each camera station and a total of 80 

km for two-way sampling of both transects at each camera station. This would correspond to a total of 

160 km for each camera trapping grid (two transects at two stations per grid).   

Diurnal censuses took place/will take place during the early morning and late afternoon hours; 

nocturnal surveys will be conducted no later than two hours after sundown. During nocturnal surveys we 

will use headlamps to search for eye shine.  Each trail was/will only be surveyed once for any given day 

(either diurnal or nocturnal), i.e., multiple surveys will not be conducted for a given transect within a 24 

hour period. Researchers moved/will move slowly (rate of approx. 1.5 km/hr) stopping periodically (100 

m) to watch and listen for lemurs. No more than 15 minutes was used/will be used at each sighting and 

surveys were not/will not be conducted during periods of heavy rain as this minimizes visual detection 

and hinders ability to detect calls elicited by lemurs (Sterling and Rakotoarison 1998, Peres 1999). For all 

observations we noted/we will note species, time of day, group size, behavior, position on transect, 
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elevation, distance from observer, angle, height from ground, detection cue, and habitat type (Whitesides 

et al. 1988, Peres 1999). Sight distance (SD) and angle was/will be converted into perpendicular distance 

(PD) for data analysis (Burnham et al. 1980, Buckland et al. 1993, Peres 1999, Buckland et al. 2001). 

Distance was/will be estimated, due to the logistical constraints of using range-finders in dense 

understory. Observers moved/will only move minimal distances off transect (10 m maximum) if 

determined necessary (Peres 1999). Survey area was/will be calculated by multiplying total survey length 

by trail width (Johnson and Overdorff 1999). Trail width was/will be calculated according to Whitesides 

et al. (1988) using the perpendicular distance estimates from group to transect. Transect data will be 

analyzed using Program DISTANCE and we will attempt to estimate the density of each lemur species 

observed (Laake et al. 1991; Buckland et al. 1993). However, since Program DISTANCE suggests a 

minimum of 30 observations per lemur species for analysis and recommends 60-80 observations for more 

accurate estimates, we will aggregate lemur observations for each site to estimate the total diurnal and 

nocturnal lemur density (Buckland et al. 2001). If we still do not have enough observations, we will 

estimate the total lemur density. In addition, we will also aggregate lemurs into categories that might 

influence their predation by fossa or their killing by humans, such as their average body size, and estimate 

density for those categories (i.e., density of small-bodied lemurs). 
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OBJECTIVE 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. 

a) Determine whether fossa can be reliably identified to individual from camera trap data and 

individual marks. 

b) Compare mark resight (MR) and spatial mark resight (SMR) density estimation techniques 

using maximum likelihood estimation and Bayesian inference for fossa for all surveys.  

c) Examine temporal and spatial relationships between fossa density and habitat fragmentation, 

macro- and microhabitat characteristics, lemur and fanaloka density, human activity and 

native and exotic carnivore occupancy.  

d) Estimate fossa population abundance in Makira and the greater Masoala-Makira landscape. 

Justification 

One of the most basic questions ecologists ask is how many animals exist in one area. The 

estimation of abundance is a key first step in many ecological studies; however, calculating the density of 

a species 

D  = N /A  

where N  is estimated population size and A  is estimated survey area, is needed if comparison between 

areas is an objective (Gerber et al. 2012a). Without knowing this basic parameter of density it can be 

difficult to ascertain conservation status, examine temporal trends or determine if protected areas are large 

enough to support viable populations (Wilson and Delahay 2001, Gardner et al. 2010, Pereira et al. 2011, 

Reppucci et al. 2011, Brodie and Giordano 2012, Gerber et al. 2012a, Gray and Prum 2012, Mansur et al. 

2012). Obtaining an unbiased and accurate density estimate is difficult for many species, especially rare, 

elusive or wide-ranging species, which are often the species for which such data are still lacking and thus 
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needed in the first place (Smallwood and Schonewald 1998, Obbard et al. 2010, Chandler and Royle in 

review, Gopalaswamy et al. 2012a).  

Capture-mark-recapture (CMR) models are commonly used to estimate population abundance for 

closed and open populations (demographically and geographically). Demographic closure requires that 

there is no recruitment or mortality during the survey period; geographic closure requires that there is no 

immigration or emigration into the population.  If the assumptions of demographic or geographic closure 

cannot be satisfied, then open population models must be used.  Both open and closed CMR models are 

based on capture histories of individually identifiable animals—i.e. identification based on unique 

marks—that result from repeated samplings of a population (Williams et al. 2002). They also incorporate 

detection probability into their model framework. Detection probability is rarely perfect (i.e., p is rarely 

equal to 1), especially with practical sampling techniques, and it is almost universally affected by 

heterogeneity among animals, responses to traps, and time effects. Ignoring imperfect detection of 

individuals (p < 1) can underestimate abundance (Smallwood and Schonewald 1998, Noyce et al. 2001, 

Boulanger et al. 2004, Mackenzie et al. 2005, Gerber et al. 2012a).  

Karanth (1995) pioneered the use of camera trap data to “capture” and “recapture” naturally, 

uniquely marked animals and estimate abundance in a CMR framework. Camera trap data have been 

successfully used to estimate abundance for elusive carnivores that have unique pelage patterns (tigers: 

Karanth 1995, Karanth and Nichols 1998, Royle et al. 2009a and b; leopards: Harihar et al. 2009; jaguars: 

Silver et al. 2004; ocelots: Trolle and Kéry 2003, Dillon and Kelly 2007; Geoffroy’s cats: Cuéller et al. 

2006; snow leopards: Jackson et al. 2006). Balme et al. (2009), using a reference density determined from 

the home ranges of radio-collared leopards, found that camera trapping generally produced more accurate 

estimates of abundance than track counts. Additional benefits of camera trapping include that it is less 

expensive than physically catching and marking animals, it is non-invasive as animals are not marked by 

the investigator, sampling is continuous while cameras are properly functioning, and many sites can be 

simultaneously sampled. 
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One drawback of traditional CMR models is that they provide no direct estimate of density. To 

determine density for a geographically closed population for which the boundaries are known, it is a 

simple matter of division of abundance by area. However, because carnivores typically have large home 

ranges that often cannot be covered by a sampling grid, they are more likely to temporarily emigrate from 

the grid during natural movements and thus violate the geographic closure assumption. This “edge effect” 

can positively bias density (Dice 1938, Boulanger and McLellan 2001, Efford et al. 2004, Royle and 

Young 2008, Obbard et al. 2010, Gerber et al. 2012a). To obtain an unbiased density estimate, one must 

determine the effective trapping area (ETA; Gerber et al. 2012a). Dice (1938) suggested adding a buffer 

strip equal to the width of the species’ home range radius to the trapping grid to estimate ETA. 

Nowadays, the calculation of this buffer strip—while using camera trap data—is commonly based on 

either the mean maximum distance moved by an individual, as recorded by camera trap data, or half of 

that value (MMDM or 1/2MMDM, respectively). Wilson and Anderson (1984) in their simulation studies 

showed that this method reduced bias in small mammal density estimates by 22%. Adding buffers to a 

trapping grid—whether based on home range radius or ½ MMDM—have no formal model-based 

justification and are an ad hoc way of estimating density (Reppucci et al. 2011). Parmenter et al. (2003) 

found that the estimation of MMDM or ½ MMDM required assumptions about animal movement that 

were of uncertain validity. Animals might move further than the maximum distance between traps but 

those movements might be missed if the grid is too small, which would underestimate the ETA and 

overestimate density, and varying estimated buffer sizes lead to varying density estimates (Smallwood 

and Schonewald 1998, Soisalo and Cavalcanti 2006, Foster and Harmsen 2012).  

The fossa, unlike tigers, leopards or even the sympatric fanaloka, does not have pelage patterns 

that lend themselves easily to individual identification. Recently, researchers have attempted to 

individually identify naturally unmarked species, like the fossa, based on distinguishing physical 

characteristics like kinked tails or scars (Noss et al. 2003, Larrucea et al. 2007, Kelly et al. 2008, Trolle et 

al. 2007, Trolle et al. 2008, Harihar et al. 2010). The difficulty in identifying animals from naturally 
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unmarked species can increase with sample size and researchers are cautioned against depending 

exclusively on features like body shape and carriage, tail carriage and other transient markers to identify 

individuals (Harmsen 2006,  arrucea et al. 2007, R os-Uzeda et al. 2007, Trolle et al. 2007, Kelly et al. 

2008, Mazzolli 2010, Oliviera-Santos et al. 2010). In many cases, studies that identify naturally unmarked 

species do not account for errors in identification of individuals, seeming to assume that all individuals 

were correctly identified without fulfilling or testing that assumption (Oliveira-Santos et al. 2010, Pereira 

et al. 2011).  

Oliviera-Santos et al. (2010) experimentally tested the ability of experienced researchers to 

identify naturally unmarked animals (in this case, lowland tapirs Tapirus terrestris). They found that 

researchers were often unable to distinguish unambiguously between individuals despite overwhelmingly 

using sex and scars as unique characteristics to aid in identification. This led to errors ranging from a 75% 

overestimation to a 50% underestimation of the true population of tapirs (Oliveira-Santos et al. 2010). 

Foster and Harmsen (2012) suggest that researchers who attempt to estimate abundance or density of 

naturally unmarked species clearly indicate how they deal with ambiguous photographs, state how many 

captures are unidentifiable, report inter-observer variation in identifications and report level of inter-

observer agreement or disagreement to assess level of confidence in the results (Noss et al. 2003, Kelly et 

al. 2008, Paviolo et al. 2009, Harihar et al. 2010). They must also provide enough information for 

adequate repetition, avoid presenting only exemplary photos, and perhaps include photos or descriptions 

of the unique features of the individuals (Foster and Harmsen 2012). To that end, I will first test the 

ability of observers to identify fossa before I attempt to estimate density (see Objective 1a). 

What follows is a summary of three types of density estimation techniques—mark resight, 

spatially explicit capture-recapture and spatial mark resight—that are innovations on the traditional CMR 

analysis framework, of which I will use two (mark resight and spatial mark resight) in my analyses. I will 

only use mark resight techniques because these techniques include data on unmarked and marked 



[28] 

 

individuals that are unable to be identified, whereas spatially explicit capture-recapture does not. I 

compare each type to traditional CMR, list their assumptions and note their deficiencies.  
 

Mark Resight (MR), Spatially Explicit Capture-Recapture (SCR) and Spatial Mark Resight (SMR) 

One key assumption in CMR is that animals can be individually identified each time they are 

captured. However, there are many times when that is not the case (e.g., poor-quality photographs can 

make identifying a well-known individual difficult). Species that have spotted or striped pelage that can 

make them individually identifiable are rare. When researchers attempt to estimate the density of 

naturally unmarked species, they lose data by only including individually identifiable animals, as in many 

cases they are only a subset of the population. This raises the question of how to estimate density for 

naturally unmarked species. Mark resight (MR) models, which incorporate data from unmarked and 

unidentified-marked animals, as well as individually identifiable ones, addresses this issue (McClintock 

2011).  

 MR is based on the idea that a few field-readable marks are naturally or otherwise introduced into 

the population or are already available. Encounter data are collected on both marked and unmarked 

individuals and then used to estimate abundance. A major benefit of using MR over traditional CMR is 

that MR incorporates additional data by including unmarked individuals into abundance estimation 

(McClintock 2011). MR models were recently developed for Program MARK as more reliable and 

efficient alternatives to those available in NOREMARK, while providing the ability to use information 

theoretic model selection and multimodal inference based on AIC values
 
(White 1996, McClintock 2011). 

Researchers can also include individual and environmental covariates in the estimation of parameters. In 

Program MARK, parameters are estimated through maximum likelihood estimation, although outside of 

Program MARK, Bayesian inference has been used (McClintock and Hoeting 2010). 

MR has a few assumptions, namely: 

1. The sampled population is demographically and geographically closed,  
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2. Individuals possess field readable marks, 

3. Marked and unmarked individuals are identified correctly (no misidentification), 

4. No unknown marks are lost during the sampling period, and, most importantly, 

5. The marked subset of the population is representative of the entire population in terms of capture 

probabilities. 

MR assumes that the marked individuals are representative to of the entire population; however, some 

natural markers might be associated with certain types of individuals that are not representative of the 

entire population (e.g., males or individuals that are more aggressive could be more likely to have scars 

than other individuals; Foster and Harmsen 2012). MR assumes—like all CMR models—that individuals 

are correctly identified. However, misidentifications can occur due to poor-quality photos, changes in 

natural marks or inexperience of researchers (Jordan et al. 2011, Foster and Harmsen 2012). 

Misidentifications can lead to biased estimates of abundance, depending on whether false unique 

individuals are created or two individuals are lumped together (Yoshizaki et al. 2009, Oliveira-Santos et 

al. 2010).  

 MR, like CMR, only estimates abundance, which means that it is still vulnerable to the variance 

and bias of ad hoc density estimation using buffers. Spatially explicit capture-recapture (SCR) models 

attempt to address the issue of animal movement explicitly within the model description, can statistically 

answer the question of ETA size and estimate density directly (Reppucci et al. 2011, Royle and Gardner 

2011). SCR models combine information about the capture locations of individuals with their capture 

probability at point locations to estimate density (Efford 2004, Borchers and Efford 2008, Efford et al. 

2009, Royle et al. 2009a and b). With traditional CMR models, abundance is a parameter with no spatial 

context; with SCR, individuals have a fixed spatial attribute (Royle and Gardner 2011). This need for a 

spatial component arises from the fact that animals located closer to traps are more likely to be caught 

than animals that are further away (Chandler and Royle in review, Borchers 2012). In addition, if an 

animal is caught during the same sampling occasion at two different locations, SCR approaches can use 
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that data due to its additional spatial component, unlike traditional CMR approaches (Royle and Gardner 

2011). SCR approaches have been applied to different taxa: mammals (Efford et al. 2009, Obbard et al. 

2010, Royle et al. 2009a and b), birds (Efford et al. 2004, Dawson and Efford 2009) and reptiles (Royle 

and Young 2008). Density estimated by SCR models can be up lower than density estimated by applying 

buffers (Obbard et al. 2010). SCR models can be applied to sparse data sets, although it is generally 

desirable to obtain at least 20 recaptures per individual to increase precision (Efford et al. 2009). 

SCR approaches have two sub-models that are used to estimate density: the state and observation 

models (Foster and Harmsen 2012). The state model is a distribution of activity centers of individuals; 

activity centers can be thought of as home range centers or points about which animal movements can be 

described probabilistically (Efford 2004, Royle and Young 2008). The observation model is a spatial 

detection function, very similar to the detection functions that are used to estimate abundance in distance 

sampling analyses. Density estimation is equal to estimating the density of the activity centers that can be 

found in the greater trapping area (i.e., state space or S). The capture probability of an individual (i) at 

some trap (j) at some sampling occasion (k) is a function of the distance from the trap to the animal’s 

activity center (yijk; Royle and Gardner 2011). Because the capture probability is dependent on the time 

and the individual, SCR approaches partially incorporate both time and individual heterogeneity effects 

into capture probability. 

SCR approaches also have assumptions: 

1. Population is geographically and demographically closed (although there are geographically open 

SCR models; see Gardner et al. 2010), 

2. Individuals have independent activity centers, 

3. Locations of activity centers are fixed during the survey period,  

4. An individual’s probability of capture at a trap declines with increasing distance between its 

activity center and the trap and 
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5. Each capture is an independent event. 

Again, like the other methods, violation of geographic closure can bias density estimates. The 

assumptions of independent and fixed activity centers might not be realistic, depending on the biology of 

the species
 
(Royle and Gardner 2011). Animals are attracted to mates and avoid competitors, or might 

have many home range centers that they use intensely for a brief amount of time before moving on 

(Foster and Harmsen 2012). Territorial animals that spend the majority of their time patrolling the borders 

of their territory can violate the assumption that trapping probability is negatively correlated to the 

distance between the individual and the trap (Borchers and Efford 2008). SCR models also required that 

all individuals be uniquely identifiable, which is not always possible, e.g. in camera trapping studies 

where resulting photos are not always sufficient for individual identification because of quality or similar 

markings among animals
 
(Chandler and Royle in review). Thus, using SCR models where not all 

individuals are uniquely identifiable can lead to discarding valuable data. 

MR and SCR approaches both improve upon traditional CMR models, although they also have their 

shortcomings. MR, while incorporating data on unmarked and unidentified animals, still suffers from the 

need to estimate density through ad hoc procedures. SCR approaches, while estimating density directly 

and taking into account animal movement, still require that all individuals analyzed be identifiable. Very 

recent innovations have resulted in combining the two approaches in spatial mark resight (SMR) models, 

which allow the application of spatially-explicit approaches to populations of unmarked animals 

(Chandler and Royle in review). To date, no one has compared density estimates from MR and SMR 

analyses. In my study, I hope to provide one of the first comparisons of MR and SMR analyses. 

 It is not only the type of model (CMR, SMR, MR, SCR) that one must think about when 

attempting to estimate abundance/density, but also the method with which one estimates the parameters. 

What follows is a summary of two distinct methods—maximum likelihood estimation and Bayesian 

inference—used to estimate parameters in statistical models such as density and abundance, as well as a 
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brief explanation of data augmentation, which can be used with Bayesian inference (Royle et al. 2007). I 

hope to compare the precision of estimates using maximum likelihood estimation and Bayesian inference 

in my study (see Objective 1b).  

Maximum Likelihood Estimation, Bayesian Inference and Data Augmentation 

Density estimation has seemingly diverged into two distinct approaches: classical inference based 

on likelihood estimation and Bayesian inference (Royle and Gardner 2011, Foster and Harmsen 2012). 

MR continues to be overwhelmingly estimated by maximum likelihood approaches (Program MARK), 

although see McClintock and Hoeting (2010) for a binomial mark resight model with Bayesian inference. 

Royle and Gardner (2011) offer a concise comparison between likelihood and Bayesian inference 

approaches to SCR density estimation. In likelihood-based inference, a Poisson point process that is 

unconditional on N is assumed and inference is “formally based on the likelihood constructed from the 

marginal probability distribution”. In Bayesian-based inference, a binomial point process model that is 

conditional on N is assumed and inference is based on Monte Carlo simulation from the posterior 

distribution.  

Researchers commonly use Programs DENSITY and MARK and R package secr to estimate 

abundance/density within a maximum likelihood framework (Efford et al. 2004, McClintock 2011). 

Researchers can implement Bayesian density estimation through R, WinBUGS or the Program 

SPACECAP (Gopalaswamy et al. 2012b).
 
There are advantages to both approaches. Likelihood-based 

approaches usually have faster computation time and are easy to implement with graphical user interface 

(GUI) programs (e.g., DENSITY). Although the new R package secr allows for more user specifications 

in models, there are still “safety nets”, as in the case where the program will alert you if the buffer size 

does not appear large enough.  Bayesian inferences—although there is the GUI program SPACECAP—

largely rely on user-built models that can be implemented in R or WinBUGS, requiring experience both 

in writing models and an understanding the underlying structure of said models (i.e., understanding the 
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influence of priors and checking to see that posterior distributions are stable). However, with Bayesian 

inference, one can accommodate prior information—such as home range size—into the estimation of 

parameters, which could lead to more accurate estimates
 
(Chandler and Royle in review). There have been 

claims that Bayesian inference is more robust in the face of small sample sizes because they do not rely 

on asymptotic arguments like likelihood-based inferences do (see Royle et al. 2009a, Kéry et al. 2010 and 

Noss et al. 2012). To date there have only been two studies that have compared maximum-likelihood and 

Bayesian SCR models (Gerber et al. 2012a, Noss et al. 2012). Gerber et al. (2012a) found that 

SPACECAP had lower and more precise estimates than DENSITY, although the 95% CIs overlapped, 

while Noss et al. (2012) found that density estimates were similar. No one to date has done a similar 

comparison for mark resight methods. 

Researchers using Bayesian inference can also use data augmentation in their analysis, which can 

allow for straightforward Bayesian analysis of complex models (Royle et al. 2007). In models where the 

parameter space (i.e., the number of activity centers [N], in the case of SCR models) is unknown, analysis 

can be difficult. There are generally two approaches to analyzing these kinds of models. One is the use of 

conditional likelihood where the likelihood of the capture histories is formulated by conditioning on the 

observed sample size n and N is estimated as a function of the estimated model parameters and the data 

(i.e., what is the abundance of the population given the number of marked individuals captured). The 

second is the complete-data likelihood, where the goal is to estimate the number of individuals one did 

not observe and add them to the animals one did to derive population abundance (Royle et al. 2007). Data 

augmentation is essentially creating a large number of all-zero capture histories, which in effect 

corresponds to hypothetically uncaught individuals (Royle et al. 2007). Data augmentation makes use of 

the complete-data likelihood; a researcher assumes that there is M number of possible individuals that 

could be in the sample space (S), where M is generally larger than N. All zero-capture histories are 

created to augment the dataset of observed capture histories (i.e., complete the dataset), creating a fixed 

pool of potential individuals that could have been captured. Estimation of N essentially becomes a 
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problem of determining the potential of an animal being available for capture (which animals out of M are 

actually within S; Royle et al. 2007, Royle and Gardner 2011).   

Analyses 

Objective 1a: Determine if fossa can be reliably identified using camera trap data and individual marks.  

Density estimates of naturally unmarked populations are sensitive to problems with identification 

of individuals (Oliveira-Santos et al. 2010). To determine the reliability of fossa density estimates from 

camera trap data, I must first determine if fossa can be reliably identified. Gerber et al. (2012b) was able 

to identify fossa—and ultimately estimate fossa density—because his baited camera traps allowed for 

multiple, close-up pictures of each fossa, allowing for easy identification of individuals. However, we 

have never, nor do we intend, to bait camera traps in Makira, which makes fossa identification much more 

difficult. Essentially, I must determine, given multiple fossa events, how different observers will organize 

those events based on what they believe are individual fossa, and will those classifications be congruent 

across observers?  

I will recruit a minimum of two additional observers to help me in identifying fossa from each 

survey. The identification process will be double-blind (i.e., each observer will be unaware of which fossa 

photos are being designated as individuals). Sites will be treated as independent entities, with no 

possibility of capturing one individual at two or more sites. This is reasonable given the large distances 

between the sites. Each observer will learn how to enter data and will be given a document that 

objectively defines what an unusable event is and what defines the three categories of useable events (see 

below). All fossa events will be pulled from the greater camera trap dataset. Events are typically three 

photos taken consecutively at one time. Each observer will determine whether the event is useable or not 

based on quality of the photos and how visible they feel marks, if present, would be. The type of camera 

that took the photos (infrared versus flash) will be recorded to examine the effects of camera type on the 

usability of photos.  
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After unusable events are discarded, events will then be separated into three categories: known 

marked individuals (K), unmarked animals (UM) and marked but unknown individuals (U). K individuals 

are easily identified due to unique markings or characteristics; UM events are events with animals that 

have no easily distinguishable markings. U individuals are individuals that are marked, but whether they 

are K individuals or a new individual is uncertain; in mark resight, captures of U individuals influence 

overall detection probability (McClintock 2011). After fossa events from all surveys have been separated 

into each category by each observer, I will compare the results among observers to ascertain variability in 

how each observer designated each event (K, U, UM or unusable). In the cases where two or more 

observers designated an event as a K or U individual, I will examine whether there is consistent 

agreement among observers as to what event belongs to which K individual.  

For example, Observer A and Observer B designate a fossa event as a K individual. They each 

give the K individual a unique identifier (e.g., CF01). For the initial capture of a K individual, agreement 

between observers is generally assumed, because if both observers agree it is a new individual, then the 

makeup (i.e., the events) of their new individual agree 100%, due to there only being one event for that 

individual. However, if, while examining another event, Observer A designates it, again, as CF01, but 

Observer B designates it as CF02, then they have disagreed about the makeup of the individual CF01. 

Ideally, with naturally marked animals such as tigers and leopards, observers would be able to 

generally agree on the makeup of an individual, due to the uniquely identifying pelage pattern that would 

not change and would perhaps only seem to vary due to photograph quality or how the animal is posed in 

the photo. However, because fossa are naturally unmarked, then identification can be subjective (Oliveira-

Santos et al. 2010). In such cases, disagreements between observers on the makeup of an individual can 

cause differences in the number of events that each individual has (e.g., Observer A has 10 events for 

CF01 while Observer B only has three), which then has the potential to influence the estimated detection 

probability and MMDM or spatial extent of captures of that individual, and ultimately influence estimated 

density. 
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To address this problem, I will not only examine the inter-observer agreement between how 

events are designated (K, U, UM or unusable) but I will also determine the inter-observer agreement on 

the makeup of individuals, which I feel might be more important to the question of whether fossa can be 

reliably identified. To examine the inter-observer agreement between how events are designated, I will 

determine the number of events that all observers agreed were unusable and discard them. Then, I will 

take the total number of times observers agreed on how events were designated divided by the total 

number of events multiplied by 100 to get the percentage of inter-observer agreement on event 

designation. I will do this calculation for each survey and among all the surveys, as well as find the 

average agreement. To examine inter-observer agreement on the makeup of individuals, I will do the 

same calculation (for each survey, among all surveys and the average agreement), but this time taking the 

total number of times observers agreed on which events belonged to the same individuals.  

I will also examine how observers identified K and U individuals by determining what types of 

mark (e.g., scar) are used to identify individuals and the assumed permanence of those marks. For 

example, a scar, although permanent over the course of a two-month camera trap survey, might fade with 

time, potentially inhibiting the ability of an observer to identify an individual over years and making 

survival analyses difficult. A bobbed tail (see Fig. 2), however, is a permanent feature. I will also examine 

the location of used marks on the body to determine if there are any body parts that are useful in fossa 

identification.  

Finally, I will determine if fossa density estimates differ significantly among observers for each 

survey. Ideally, each observer would identify the same fossa events as the same fossa individuals. 

However, even if there were discrepancies among observers, if the results (the density estimates) are not 

significantly different, then it would seem that any differences in the identification process might not 

influence what is important: the density estimate. To estimate the fossa densities for each observer, I will 

follow the protocol in Objective 1b.  
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Expected Results:  

 Fossa events from infrared cameras will be designated as unusable more often than fossa events 

from flash cameras. 

 Marks will be overwhelmingly located on ears or the tails of fossa and most will be temporary in 

nature, although permanent over the course of a camera-trap survey. 

 Average inter-observer agreement on the designation of fossa events (K, U, UM, unusable) will 

be high (>75%). 

 Average inter-observer agreement on the makeup of individuals will be low (<75%). 

 Density estimates for the same survey will be congruent among observers. 

Objective 1b: Compare mark resight (MR) and spatial mark resight (SMR) density estimation techniques 

using maximum likelihood estimation and Bayesian inference for fossa for all surveys.  

As detailed in my justification section, density estimation techniques can be broken into two 

different categories: techniques that estimate density directly and those that require ad hoc estimation of 

density. Density estimation can also be broken down by inference approaches: maximum likelihood 

estimation or Bayesian. However, there have been few studies to compare these two different techniques 

and two different approaches for density estimation, and none to date that compare these techniques and 

approaches for estimating the density of naturally unmarked populations.  

I will use three different approaches to estimate fossa density: 1) a zero-truncated Poisson log-

normal MR model using maximum likelihood estimation (Program MARK), 2) a zero-truncated Poisson 

encounter MR model using Bayesian inference and 3) a zero-truncated Poisson encounter SMR model 

using Bayesian inference. The models using Bayesian inference will be run in R and WinBUGS. It is 

possible that in the near future there will be a SMR model available in the R package secr (maximum 

likelihood estimation). If that is the case, I will include that approach as well into my density estimate 

comparison. Very briefly, the zero-truncated Poisson log-normal MR models will be able to incorporate 
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capture data for unmarked and unidentified animals but will require the use of MMDM to estimate ETA 

and thus estimating density. The zero-truncated Poisson encounter SMR models will incorporate data for 

unmarked and unidentified animals in addition to incorporating the spatial component of capture.  

As all models assume closure (demographic and geographic), I will determine closure using the 

robust design version of the zero-truncated Poisson log-normal MR model in Program MARK. Models 

that estimate immigration and emigration parameters have been used to determine closure, such as the 

Pradel model in Program MARK by Boulanger and McLellan (2001) and Gerber et al. (2012a; Pradel 

1996). I will use the robust design version of the zero-truncated Poisson log-normal MR model in 

Program MARK to examine within-survey closure instead of the Pradel model because the MR model 

incorporates data on unmarked animals. Essentially, if the immigration and emigration parameters as 

estimated by the robust design version of the zero-truncated Poisson log-normal MR model do not equal 

1, then the survey is not closed. Whether the violation of closure is geographic or demographic will not be 

determined. Both violations are possible. Geographic closure violation is likely as our survey area (~10 

km
2
) is small relative to fossa potential home range size. In addition, the fossa’s unique mating system 

might cause temporary movement into and out of the study area, as females climb into “mating” trees and 

attract males from unknown distances (Hawkins and Racey 2008). Because Hawkins and Racey’s (2008) 

study was conducted in the western deciduous forests, where water availability is seasonal, their observed 

mating season (September-November) might not be the mating season of fossa in the eastern rainforests, 

where water is more often available. Due to our lack of knowledge about mating in the eastern rainforests, 

we also will not be able to determine when fossa will give birth, which occurs in western deciduous 

forests during January and February. While we attempt to lessen the possibility of demographic closure 

violation by keeping our camera trap surveys at no more than two months in duration, if births occur 

during our surveys, this would be a violation (Hawkins 1998).  If a survey is not found to be closed, I will 

still estimate density, but include a caveat that the survey might not have been closed. 
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I will use the identifications and subsequent capture histories created by all observers as 

explained in Objective 1a to estimate fossa density using each technique. For the MR techniques, which 

will estimate abundance, I will determine the MMDM for each observer for each survey. I will estimate 

three types of MMDM for each observer for each survey: camera-based MMDM, an average of the 

camera-based MMDMs with the satellite-measured daily movements of the nine male fossa in Kirindy 

Forest (western Madagascar) as documented in Luhrs et al. (2012) and the average of the satellite-

measured daily movements from Luhrs et al. (2012). I will buffer camera station locations for each 

observer for each survey with these three MMDMs (unaltered camera-based, average camera-and-

satellite-based, and unaltered satellite-based) in ArcGIS to calculate ETA. I will then calculate density 

(N /ETA) and standard errors for each observer for each survey using the delta method, providing a 

density range for each survey (Williams et al. 2002).   

I will average these density estimates from each observer to come up with a mean density 

estimate as estimated by each technique for each survey. This means that for each survey there will be 

three (potentially four) mean density estimates, differing in how they were estimated (e.g., MR with 

Bayesian inference). I will examine differences in the three (potentially four) density estimation 

techniques by determining if their 95% CIs overlap. I will determine the “best” density estimate by 

comparing potential assumption violations for each model; the model for which the fewest assumptions 

have been violated will estimate the “best” density estimate. 

Expected Results:  

 Due to a small number of K individuals and a lack of recaptures, I will be unable to use SMR 

techniques for most (if not all) the surveys. 

 Density estimates from SMR methods will be lower than density estimates from MR methods. 

 Density estimates from SMR methods will be less precise than density estimates from MR 

methods. 
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 Density estimates between SMR and MR methods will not significantly differ. 

 Density estimates from Bayesian inference will not significantly differ from likelihood-based 

inference. 

Objective 1c: Examine temporal and spatial relationships between fossa density and habitat 

fragmentation, macro- and microhabitat characteristics, human activity, lemur and fanaloka density, and 

native and exotic carnivore occupancy.  

Completion of Objective 1c and 1d assumes that I can complete Objective 1a with confidence 

(i.e., that fossa can be reliably identified from camera trap photos). My preliminary analyses indicate that 

I will be successful in Objective 1a, but I do want to add a note of caution in case full analyses differ from 

my preliminary work.   

Factors that affect species abundance and density are important, especially for rare or threatened 

species. To characterize potential habitat and interspecific site characteristics that influence fossa density, 

I will examine the relationship between fossa density and site characteristics such as tree density and 

understory heterogeneity, human activity, estimated lemur and fanaloka density (as estimated by Zach 

Farris for completed surveys and by me for any new surveys), occupancy of other native and exotic 

carnivores and small mammal occupancy using linear regression.  

Lemur density will be estimated using Program DISTANCE; if I am unable to estimate species-

specific density, then I will aggregate the lemurs into groups based on factors that I believe will influence 

their predation by fossa, such as activity pattern (diurnal versus nocturnal) or body size (small versus 

large). If I am unable to estimate lemur density based on those factors due to a lack of data, I will estimate 

total lemur density for each survey. To estimate the density of fanaloka, I and two to three other observers 

will identify individual fanaloka and create capture histories for each new survey. I will then determine 

whether the surveys are closed following Gerber et al.’s (2012a) protocol. Because all fanaloka have 

uniquely identifying spot patterns, I will use SPACECAP (SCR model with Bayesian inference) to 
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estimate fanaloka density (Gerber et al. 2012a). Occupancy of other native and exotic carnivores (e.g., the 

vontsiras and the domestic dog) and of ground-dwelling birds and small mammals will be estimated using 

single-season analysis in Program PRESENCE (Mackenzie et al. 2006). Although the camera traps were 

set for carnivores, we have captured plenty of ground-dwelling birds and small mammals to make it 

feasible to estimate their occupancy. 

I will use the best mean fossa density as determined by Objective 1b (i.e., if Bayesian SMR is the 

model with the fewest assumptions violated, I will use density estimates from that technique in this 

analysis). To examine whether fossa can be useful sentinels for other conservation activities, I will 

examine the relationships between fossa density and a) habitat fragmentation (e.g., patch area, distance 

from nearest patch and % edge), b) human activity (e.g., trapping success or the number of human trap 

events divided by the total number of trap nights) and c) exotic species (domestic dog, feral cat, small 

Indian civet and black rat) occupancy using linear regression. I will do this for all potential 14 surveys (n 

= 14). I will use appropriate statistics to determine if there are significant differences between fossa 

density at intact sites and fragmented sites. Finally, to examine temporal trends in fossa density, I will 

determine if there are significant differences in past and present density estimates for sites that have been 

resurveyed (AJB, MGB and FRK). As MGB and FRK will have been surveyed two times, sample sizes 

will be n = 2. For AJB, n = 5.  Significant differences will be determined by comparing 95% CIs.   

Expected Results:  

 Fossa density will be positively related to lemur density, fanaloka density, tree density, average 

basal area, understory heterogeneity, native carnivore (broad-striped, brown-tailed and ring-tailed 

vontsiras and falanouc) and ground-dwelling bird and small mammal occupancy (exotic and 

native). 
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 Fossa density will be negatively related to measures of habitat fragmentation (e.g. isolation of 

habitat patch), human trapping success, and exotic carnivore (domestic dog, feral cat and small 

Indian civet) trap success and occupancy. 

 Fossa will not be useful sentinels, despite being negatively related to measures of habitat 

disturbance, because many of the relationships will be weak. 

 Fossa density in intact sites will not be significantly higher than in fragmented sites (mainly due 

to imprecise density estimates). 

 Fossa density will decline over the years, but not significantly (again, due to imprecise density 

estimates).  

Objective 1d: Estimate fossa abundance in Makira Protected Area and Masoala National Park. 

According to Gerber et al. (2012b), 95% of the rainforest fossa population exists in the Masoala-

Makira and Zahamena-Mantadia-Vohidrazana complexes. However, this estimate is based on a density 

estimate from Ranomafana National Park, in southeastern Madagascar. Environmental conditions and 

human pressures are almost certainly different between northeastern and southeastern rainforests. Thus, I 

will attempt to confirm that the fossa population in the Masoala-Makira complex has the potential to be 

viable, e.g. greater than 500 individuals. The number of individuals needed for a population to be viable is 

debated, depending often on what researchers mean by population viability and whether they are thinking 

short-term or long-term viability. Recent work has suggested that for a population to be viable, the 

effective population must be greater than 500, and preferably in the thousands (Jamieson and Allendorf 

2012). To determine whether the fossa population in Makira and the Masoala-Makira complex, I will take 

the lowest, median, and highest mean fossa density estimate—as estimated by the best density estimation 

technique (see definition of “best” on pp. 39 and 41)—from the most current camera trap survey and 

apply it to the respective areas of Makira Natural Park and the Masoala-Makira landscape. I will take 

these three estimates to provide a range of potential fossa abundance for WCS. If the fossa population is 
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500 or above, I will suggest that the fossa population does have a potential to be viable, although this 

estimate will not be the estimate of the effective population (Jamieson and Allendorf 2012). 

Expected Results:  

 The fossa population in Makira will be less than 500 adult individuals.  

 The fossa population in the Masoala-Makira complex will be less than 2000 adult individuals. 

 The Makira population will not be considered viable according to published recommendations on 

needed population size, but the Masoala-Makira population will have the potential to be viable.  
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OBJECTIVE 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. 

a) Estimate species richness, native and exotic species occupancy and determine community 

structure for terrestrial mammals, terrestrial birds and lemurs as detected using camera trap and 

lemur transect data for all surveys. 

b) Examine relationships between species richness and native species occupancy and fossa density, 

habitat fragmentation, human activity and exotic species occupancy. 

c) Examine temporal trends in species richness and native and exotic species occupancy at FRK and 

MGB; estimate community parameters (i.e., local extinction and species turnover) at AJB. 

Caveat 

 Due to the methods that have been used, we will not be able to examine the entire ecological 

community present at any of the sites surveyed. Our methods—camera traps and lemur transects—are 

best used for detecting terrestrial vertebrates and lemurs  thus, whenever “community” or “species 

richness” or any other community measurement is mentioned, it is meant to apply to the terrestrial 

vertebrates and lemurs that can be detected by camera trap or lemur transect. 

Justification 

Irwin et al. (2010) found that disturbance in Madagascar tends to reduce species diversity 

(especially that of native or endemic species) and creates a species turnover in communities that favors 

the replacement of specialist or native species with generalists/introduced species. Measuring community 

characteristics like species richness is especially important in areas such as Madagascar’s rainforests that 

are highly threatened or little explored (Giman et al. 2007, Gotelli and Colwell 2011). Determining the 

richness of species in an area can help inform conservation and management decisions (Brose and 
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Martinez 2004). Examining relationships of species richness to factors like habitat fragmentation and 

human activity can give us insight into how humans and human influence on the landscape can affect the 

overall biodiversity of an area and can quickly prioritize areas in need of management intervention. 

Information on the trends of ecological communities, especially in tropical forests, is seldom available, 

despite species in tropical areas often being naturally rare and highly threatened (Ahumada et al. 2011).  

As detailed earlier, my colleague Zach Farris has collected camera trap data from seven sites (for 

11 surveys) on one of the most species-rich areas in Madagascar. Although the target group for the 

camera trap surveys was carnivores, one of camera trapping’s benefits is that researchers often obtain 

large datasets with data on non-target species (O’Brien 2008). Camera trap surveys that are used to 

estimate the density of a carnivore often produce a reliable inventory of other similarly sized mammals 

that could then be used to examine the greater ecological community (Tobler et al. 2008). As I mentioned 

in Objective 1c, although the camera traps were set for carnivores, we have collected enough captures of 

other terrestrial species (ground-dwelling birds and small mammals) to make an analysis of Makira’s 

communities feasible. I intend to do just that in this portion of my study.  I will use the data already 

collected by Farris and collaborators as well as new data collected by me in additional surveys as 

described earlier. 

Community Characteristics as a Snapshot in Time: Estimating “True” Species Richness 

Species richness—the number of species found in an area—is an important community 

characteristic, both in determining what and how many species are in a certain area alone and for 

comparing among sites. In many studies that look at the greater ecological community using camera traps, 

species richness is given as a list of species that were caught on camera (O’Brien 2008, Abi-Said and Amr 

2012, Samejima et al. 2012). This is despite the fact that there has been an increase in the awareness that 

detection probability is usually not equal to one (meaning that there may be species which are not being 

detected; Brose and Martinez 2004). The heterogeneity inherent in individual and species detectability is 
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often quite obvious in the camera trap data, with certain species being caught more often due to body size, 

camera placement, differences in actual abundance, survey effort and design (Alzan and Lading 2006, 

Harmsen et al. 2010, Silveira et al. 2008, Tobler et al. 2008, Burton et al. 2012, Foster and Harmsen 

2012). In the end, absence of evidence does not always mean evidence of absence.  

Recently, there has been a surge in the use of community analogs of CMR models to account for 

these undetected species (Tobler et al. 2008, Kéry 2010). While modeling species in a CMR framework, 

researchers can estimate detection probabilities of species, model different types of detection (e.g., Mh—

detection is affected by individual [or in this case, species] heterogeneity) and estimate species richness. 

Taking species detection probability into account is essential, as there can be discrepancies between the 

number of species observed and the number of species actually present at a site (Dorazio and Royle 

2005). In CMR species richness modeling, one simply scales up: individuals become species, creating a 

species capture history of 0s and 1s through the survey occasions. Abundance (N) becomes estimated 

species richness (S), essentially the “abundance of species” (Boulinier et al. 1998). Modeling for 

heterogeneity becomes especially important in species richness estimation, because individual and species 

heterogeneity affect overall detection probability (Brose and Martinez 2004, Kéry 2010). Using a 

modeling framework where you assume there are groups (or mixtures) of species that have different 

detection probabilities that are constant within their group (e.g. a high detection probability group versus 

a low detection probability group) can help address the effects of heterogeneous detection probability 

(Kéry 2010).   

Knowing the number of species that should be in an area will not give clues as to what they are 

and due to the often positive relationship between species detection probability and the number of 

individuals available in that species, estimates of species richness may end up being positively biased 

(Nichols et al. 1998). However, there is still the added benefit of including detection probability and the 

effects of individual/species heterogeneity into the estimation of species richness. In comparative studies, 

CMR tends to perform better than other types of species richness estimators (Walther and Moore 2005). 
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Community Characteristics:  Examining Community Dynamics over Time 

Estimating parameters such as extinction probability, species persistence and the rate of change in 

species richness over time can inform researchers on temporal changes in ecological community 

composition, structure and vital rates. As we could look at a closed “population” of species with closed 

CMR models, we can examine dynamic communities using Pollock’s robust design and estimate 

informative rates such as species persistence, colonization and extinction (Pollock 1982, Nichols et al. 

1998, Brose and Martinez 2004, Kéry 2010). The robust design, when implemented in Program MARK, 

can model all types of detection probability (i.e., Mh or detection probability influenced by heterogeneity), 

make use of finite mixtures and estimate seven parameters (Johnson et al. 2009): 

 Species richness: number of species corrected for detection probability 

 Local species persistence: probability that a species is present from time i to time j 

 Temporary emigration: probability that a species is present at time i but absent at time j 

 Immigration: probability that a species is absent at time i and remains absent at time j 

 Mixture: proportion of the community with a high detection probability 

 High detection: probability of detection for the high detection group 

 Low detection: probability of detection for the low detection group 

Using equations from Nichols et al. (1998), we can then derive point estimates of four other 

parameters: 

 Local extinction: probability of local extinction of a species from time i to time j 

 Local turnover: probability that a new species is present at time j but not time i. 

 Number of colonizers: number of new colonizing species present at time j but not time i 

 Rate of change: finite rate of change in species richness between time i to time j 

One must estimate the variances of these four derived point estimates, which one can do by 

parametric bootstrapping (Nichols et al. 1998, Johnson et al. 2009).  
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Due to the heterogeneity of species detectability, there have been thoughts that derived estimates such 

as local extinction probability will be positively biased. Detection probability is positively related to the 

abundance of a species, and the abundance of a species if often negatively related to its extinction 

probability. However, studies have shown that, despite a positive bias, the bias is minimal (Alpizar-Jara et 

al. 2004, Jenourvrier and Boulinier 2006). 

Using Hierarchical Multi-Species Models to Estimate Species-Specific and Community Parameters 

 In many cases, estimating parameters for uncommon or rare species can be difficult due to few 

detections (Mackenzie et al. 2005, Zipkin et al. 2009). Recently, hierarchical multi-species occupancy 

models have begun to be widely used to estimate species richness, occupancy, detection probability and 

to examine the effects of habitat, site characteristics, or management treatments on both entire 

communities and individual species simultaneously (Dorazio and Royle 2005, Kéry and Royle 2009, 

Zipkin et al. 2009, Burton et al. 2011, Burton et al. 2012). Hierarchical models are essentially models 

with multiple levels; in the case of hierarchical multi-species occupancy models, observed data on a 

species is conditional on the true occupancy and detection probabilities of that species, which is in turn 

conditional upon whether that species was actually present within the sampled community (Burton et al. 

2011). Each species’ occupancy and detection probability is a variation of a mean community occupancy 

and detection probability, which allows for more precise estimation of occupancy and detection 

probabilities of species for which researchers have very little data, although these estimates do tend to be 

biased towards the community mean (‘Bayesian shrinkage’  Dorazio and Royle 2005, Royle and Dorazio 

2006, Burton et al. 2012). Because carnivore and lemur detections have seemingly lessened in more 

recent surveys in Makira (e.g., MGBII and AJBIV), I will be exploring the use a hierarchical, multi-

species occupancy models to estimate species richness, occupancy and detection probabilities and how 

they change through time.   
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Analyses:   

Objective 2a: Estimate species richness, native and exotic species occupancy, and determine community 

structure for terrestrial mammals, terrestrial birds, and lemurs using camera trap and lemur transect 

data for all surveys. 

Camera Trap Data: I will estimate species richness for all surveys by identifying all animals 

captured and using closed population, single-season CMR models in Program MARK. For small 

mammals, all species will be identified at minimum to the genus. Due to morphological similarities in 

some Malagasy small mammal species, correctly identifying to species could be difficult. We will 

collaborate with Dr. Steve Goodman (Field Museum of Natural History, Chicago) to ascertain the 

reliability of our identifications. I will note if species identified is native or exotic and test for closure as 

in Objective 1b. Demographic/geographic closure in this case means that no species colonized or went 

extinct or immigrated/emigrated in the study area during the survey period.  

I will estimate single species occupancy for all species observed and overall native and exotic 

small mammal, bird, and carnivore species occupancy for each survey using Program PRESENCE 

(Mackenzie et al. 2006). The structure of an ecological community, and changes to the structure through 

the years, or differences in structure across sites can provide researchers with information about the types 

of species present, their role in the community, and their commonness. I will determine community 

structure as per Ahumada et al. (2011) by categorizing each species into a feeding guild (insectivore, 

herbivore, carnivore, and omnivore), determining their occupancy and graphing this descriptive summary 

data for visual examination.  I will do this for all potential 14 surveys. 

Lemur Transect Data: I will estimate lemur species richness for all surveys by identifying all 

lemurs captured, testing for closure as in Objective 1b and then estimating species richness using closed 

population CMR models in Program MARK. Lemur species occupancy (single species) will be estimated 

using Program PRESENCE for each survey (Mackenzie et al. 2006). I will determine community 
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structure as per Ahumada et al. (2011) by categorizing each species into a body size (small, medium and 

large) and activity (diurnal and nocturnal) guild and graphing this descriptive summary data for visual 

examination. I will do this for all potential 14 surveys for a sample size of n = 14. 

Survey Comparisons: I am currently exploring appropriate analytical methods to compare species 

richness (lemur and terrestrial), lemur species occupancy, and native and exotic small mammal, bird, and 

carnivore species occupancy among intact and fragmented sites.    

Expected Results:  

 Species richness, lemur species occupancy, and native small mammal, bird, and carnivore species 

occupancy will be significantly higher at intact sites. 

 Exotic small mammal and exotic carnivore species occupancy will be significantly higher at 

fragmented sites.  

 Intact sites will have more complex community structure, with more native species in the guilds 

and species occupancy will be higher.  

Objective 2b: Examine relationships between species richness and native species occupancy and fossa 

density, habitat fragmentation, human activity, and exotic species occupancy. 

I will use linear regression and mean fossa density as estimated in Objective 1 to determine if 

fossa density is positively correlated with high species richness and native species occupancy and whether 

they can be useful biodiversity indicators. I will also use linear regression to examine the relationships 

between species richness and native species occupancy and habitat fragmentation (e.g., % edge, patch 

area and distance to nearest patch), human trapping success, and exotic species occupancy.  

Expected Results:  

 Fossa density will be positively correlated to high species richness and native species occupancy, 

making it a useful biodiversity indicator. 
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 Species richness and native species occupancy will be negatively related to habitat fragmentation, 

human activity and exotic species occupancy. 

Objective 2c: Examine temporal trends in species richness and native and exotic species occupancy at 

FRK and MGB; estimate community parameters (i.e., local extinction and species turnover) at AJB. 

Examining community dynamics such as species turnover, colonization and extinction rates is 

essential when examining the effects of external forces on ecological communities over time. Due to the 

lack of data for MGB (two surveys) and FRK (one with a possible second survey to be done depending on 

funding), I will plot the species richness and estimates of individual species occupancy (native and exotic) 

for each survey to examine temporal trends. Significant differences will be determined using 95% 

confidence intervals. Because AJB has four (potentially five) surveys, I will estimate species richness, 

local species persistence, temporary emigration, immigration and the proportion and detection 

probabilities of two mixtures or groups within the community—high detection probability and low 

detection probability—using robust design CMR models in Program MARK. I will derive local 

extinction, local turnover, the number of colonizers and the rate of change using equations from Nichols 

et al. (1998) and estimate the variances using bootstrapping methods (Nichols et al. 1998, Johnson et al. 

2009).  

Expected Results:  

 Species richness and native species occupancy at FRK, MGB, and AJB will decrease over the 

years.  

 Exotic species occupancy will increase at MGB and AJB and stay constant or decline at FRK.  

 Local species persistence and turnover, temporary emigration, immigration, and the number of 

colonizers will decrease over the years at AJB.  

 Local extinction rates will increase at AJB over the years and the species richness rate of change 

will be negative, and will increase in value over the years.  
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 Detection probabilities of both high-detection probability and low-detection probability mixtures 

will decrease as years go by due to the relationship between species abundance and species 

detectability at AJB.  
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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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Table 3. Species of lemur observed during diurnal and nocturnal transects conducted by Zach Farris at Anjanaharibe (AJB), Mangabe (MGB), 

Soavera (SOA), Sahavary (SLJ), Farakarina (FRK) and Vinanibe (VIN) between 2010-2012. Indicates species should be present in Makira based 

on range maps (Garbutt 2007, IUCN 2012). The surveys are color-coded to indicate whether they were in intact or fragmented forest. For activity, 

nocturnal (N), diurnal (D) and cathemeral (C). * There is some uncertainty about whether bamboo lemurs in the northeastern forests are 

Hapalemur griseus or H. occidentalis.
+
 Aye-aye presence was determined by signs, not direct observation. 

Common name Scientific name 
IUCN 

Status 

Population 

Trend 
Activity 

Mean 

Weight 

(g) 

SOA VIN AJBII SLJ MGBI FRK AJBIII MGBII AJBIV 

Hairy-eared 

dwarf lemur 

Allocebus 

trichotis 

Data 

Deficient 

Unknown N 85 x  x       

 melin’s wooly 

lemur 

Avahi laniger Least 

Concern 

Decreasing N 1207 x x x x x x x x x 

 eoffroy’s 

dwarf lemur 

Cheirogaleus 

major 

Least 

Concern 

Unknown N 443 x  x x x     

Aye-aye
+ 

Daubentonia 

madagascariensis 

Near 

Threatened 

Decreasing N 2516 x x x x x x x x x 

White-fronted 

brown lemur 

Eulemur 

albifrons 

Vulnerable Decreasing C 2300 x  x x x x x x x 

Red-bellied 

lemur 

Eulemur 

rubriventer 

Vulnerable Decreasing C 1960 x  x       

Eastern lesser 

bamboo lemur* 

Hapalemur 

griseus 

Vulnerable Decreasing C 935 x         

Western grey 

bamboo lemur* 

Hapalemur 

occidentalis 

Vulnerable Decreasing D(C) 850 -- -- -- -- -- -- -- -- -- 

Indri Indri indri Endangered Decreasing D 6480 x x   x   x  

Seal’s sportive 

lemur 

Lepilemur seali Data 

Deficient 

Unknown N 950 -- -- -- -- -- -- -- x -- 

Mittermeier’s 

mouse lemur 

Microcebus 

mittermeieri 

Data 

Deficient 

Unknown  44 -- -- -- -- -- -- -- -- -- 

Rufous mouse 

lemur 

Microcebus rufus Least 

Concern 

Decreasing N 42 x x  x x x x x x 

Masoala fork-

marked lemur 

Phaner furcifer Least 

Concern 

Decreasing N  -- -- -- -- -- -- -- -- -- 

Silky sifaka Propithecus 

candidus 

Critically 

Endangered 

Decreasing D 5750 x  x       

Red ruffed 

lemur 

Varecia rubra Endangered  Decreasing D 3450   x    x  x 

Black-and-white 

ruffed lemur 

Varecia 

variegata 

Critically 

Endangered  

Decreasing D(C) 3548 x x   x     
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Table 4. Description of the survey sites and a summary of information regarding the camera trap surveys conducted by WCS and Farris in Makira 

from 2008-2012.  

Site Intact/Fragmented Latitude Longitude 

Average 

Elevation 

(m) 

Nearest 

Village(s) 
Survey Survey Dates 

Total 

Trap 

Nights 

(TN) 

# of 

Native 

Carnivores 

Present 

Anjanaharibe 

(AJB) 
Intact -15.20 49.62 495.8 Andaparaty 

Anjanaharibe 1 

(AJBI) 

September 02-

November 13 

2008 

1315 6 

Anjanaharibe 2 

(AJBII) 

September 16- 

November 17 

2010 

1230 6 

Anjanaharibe 3 

(AJBIII) 

August 20-

October 24 

2011 

1383 6 

Anjanaharibe 4 

(AJBIV) 

July 31-

October 14 

2012 

1536 6 

Soavera 

(SOA) 
Intact -14.94 49.46 1209 Belalona -- 

March 4-May 3 

2009 
989 4 

Vinanibe 

(VIN) Fragmented -15.47 49.47 477.4 Vinanibe -- 

August 21-

October 27 

2009 

1067 3 

Lokaitra 

(LOK) Fragmented -15.80 49.54 702.2 Antsambalahy -- 

November 20 

2009-January 

27 2010 

881 5 

Sahavary 

(SLJ) Fragmented -15.29 49.77 372.3 
Sahavary; 

Manambolo 
-- 

December 9 

2010-February 

17 2011 

1570 6 

Mangabe 

(MGB) 
Intact -15.31 49.50 573.6 

Ambatofotsy; 

Marovonana 

Mangabe 1 

(MGBI) 

March 20-May 

23 2011 
1509 5 

Mangabe 2 

(MGBII) 

June 9-July 27 

2012 
985 5 

Farakarina 

(FRK) 
Fragmented -15.43 49.85 409.4 

Andranofotsy; 

Navana 
-- 

June 9-August 

13 2011 
1462 4 
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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).   



[76] 

 

 

Figure 5. Locations of the seven sites surveyed between 2008 and 2012 by WCS and Zach Farris and the 

proposed new site, Amparihibe (dependent on funding), in Makira.   
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Figure 6. Grid design for carnivore camera trapping study.  This grid will be placed in 1-3 study sites 

across the Makira Natural Park from June 2013-November 2013, depending on funding. Each camera 

station (25 total stations, 2 cameras per station) will be separated by 500 m for a possible total grid size of 

3 *3 km (9 km²). Each grid will be operational in each site for 60 days. Figure modified from Gerber 

(2008). 
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Figure 7. Habitat sampling scheme conducted at each site. Short lines perpendicular to the main transect 

indicate where understory is sampled. Modified from Davis (2007). 

 


