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Thesis Working Plan: Methods 

Asia Murphy 

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

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

Madagascar. 

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

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

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

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

Objectives: 

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

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

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

fossa density. 

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

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

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

and exotic species presence.  
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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. 1).   

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 



[5] 

 

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. 2), 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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FIGURES AND TABLES 

 

Figure 1. 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 2. Habitat sampling scheme conducted at each site. Short lines perpendicular to the main transect 

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

 


