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Thesis Working Plan: Objective 2 

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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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,   ry 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 Martine  200 ,   ry 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 

(  ry 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 Martine  200 ,   ry 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,   ry 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’; Dora io and Royle 2005, Royle and Dora io 

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.  

  



[12] 

 

LITERATURE CITED 

Abi-Said, M. and Amr, Z.S. 2012. Camera trapping in assessing diversity of mammals in Jabal Moussa 

Biosphere Reserve, Lebanon. Vertebrate Zoology 62:145-152. 

Ahumada, J.A., Silva, C.E.F., Gajapersad, K., Hallam, C., Hurtado, J., Martin, E., McWilliam, A., 

Mugerwa, B., O’Brien, T., Rovero, F., Sheil, D., Spironello, W.R., Winarni, N. and Andelman, S.J. 2011. 

Community structure and diversity of tropical forest mammals: data from a global camera trap network. 

Philosophical Transactions of the Royal Society B 366:2703-2711. 

Alzan, M.J. and Lading, E. 2006. Camera trapping and conservation in Lambar Hills National Park, 

Sarawak. The Raffles Bulletin of Zoology 54:469-475. 

Alpizar-Jara, R., Nichols, J.D., Hines, J.E., Sauer, J.R., Pollock, K.H., and Rosenberry, C.S. 2004. The 

relationship between species detection probability and local extinction probability. Oecologia 141:652-

660. 

Boulinier, T., Nichols, J.D., Sauer, J.R., Hines, J.E. and Pollock, K.H. 1998. Estimating species richness: 

the importance of heterogeneity in species detectability. Ecology 79:1018-1028. 

Brose, U. and Martinez, N.D. 2004. Estimating species richness of species with variable mobility. Oikos 

105:292-300. 

Burton, A.C., Sam, M.K., Kpelle, D.G., Balangtaa, C., Buedi, E.B. and Brashares, J.S. 2011. Evaluating 

persistence and its predictors in a West African carnivore community. Biological Conservation 144:2344-

2353.  

Burton, A.C., Sam, M.K., Balangtaa, C. and Brashares, J.S. 2012. Hierarchical multi-species modeling of 

carnivore responses to hunting, habitat and prey in a west African protected area. PLoS ONE e38007. 

doi:10.1371/journal.pone.0038007 

Dorazio, R.M. and Royle, J.A. 2005. Estimating size and composition of biological communities by 

modeling the occurrence of species. Journal of the American Statistical Association 100:389-398. 

Foster, R.J. and Harmsen, B.J. 2012. A critique of density estimation from camera-trap data. Journal of 

Wildlife Management 76:224-236. 

Giman, B., Stuebing, R., Megum, N., Mcshea, W.J. and Stewart, C.M. 2007. A camera trapping inventory 

for mammals in a mixed use planted forest in Sarawak. The Raffles Bulletin of Zoology 55:209-215. 

Gotelli, N.J. and Colwell, R.K. 2011. Estimating species richness. Pps. 39-54 in Biological Diversity: 

Frontiers in Measurement and Assessment (Magurran and McGill, eds.) Oxford University Press, New 

York. 

Harmsen, B.J., Foster, R.J. and Doncaster, C.P. 2010. Heterogeneous capture rates in low density 

populations and consequences for capture-recapture analysis of camera-trap data. Population Ecology doi 

10.1007/s10144-010-0211-z. 

Irwin, M.T., Wright, P.C., Birkinshaw, C., Fisher, B.L., Gardner, C.J., Glos, J., Goodman, S.M., Loiselle, 

P., Rabeson, P., Raharison, J., Raherilalao, M.J., Rakotondravony, D., Raselimanana, A., Ratsimbazafy, 

J., Sparks, J.S., Wilme, L. and Ganzhorn J.U. 2010. Patterns of species change in anthropogenically 

disturbed forests of Madagascar. Biological Conservation 143:2351-2362.  



[13] 

 

Jenouvrier, S. and Boulinier, T. 2006. Estimation of local extinction rates when species detectability 

covaries with extinction probability: is it a problem? Oikos 113:132-138. 

Johnson, T.N., Applegate, R.D., Hoover, D.E., Gipson, P.S. and Sandercock, B.K. 2009. Evaluating avian 

community dynamics in restored riparian habitats with mark-recapture models. The Wilson Journal of 

Ornithology 121:22-40. 

  ry, M. and Royle, J.A. 2009. Inference about species richness and community structure using species-

specific occupancy in the National Swiss Breeding Bird Survey MHB. Pps. 639-656 in Modeling 

Demographic Processes in Marked Populations (Thomson, Cooch and Conroy, eds.) Springer, USA. 

  ry, M. 20 0. Species richness and community dynamics: a conceptual framework. Pps. 207-231 in 

Camera Traps in Animal Ecology: Methods and Analyses (O’Connell, Nichols and  aranth, eds.) 

Springer, USA. 

Mackenzie, D.L., Nichols, J.D., Sutton, N., Kawanishi, K. and Bailey, L.L. 2005. Improving inferences in 

population studies of rare species that are detected imperfectly. Ecology 86:1101-1113 

Mackenzie, D.I., Nichols, J.D., Royle, J.A., Pollock, K.H., Bailey, L.L. and Hines, J. E. 2006. Occupancy 

estimation and modelling: Inferring patterns and dynamics of species occurrence. Elsevier, New York. 

Nichols, J.D., Boulinier, T., Hines, J.E., Pollock, K.H. and Sauer, J.R. 1998. Estimating rates of local 

species extinction, colonization and turnover in animal communities. Ecological Applications 8:1213-

1225. 

O’Brien, T.G. 2008. On the use of automated cameras to estimate species richness for large- and medium-

sized rainforest mammals. Animal Conservation 11:179-181. 

Pollock, K.H. 1982. A capture-recapture design robust to unequal probability of capture. The Journal of 

Wildlife Management 46:752-757. 

Royle, J.A. and Dorazio, R.M. 2006. Hierarchical models of animal abundance and occurrence. Journal 

of Agricultural, Biological, and Environmental Statistics 11:249-263. 

Samejima, H., Ong, R., Lagan, P. and Kitayama, K. 2012. Camera-trapping rates of mammals and birds 

in a Bornean tropical rainforest under sustainable forest management. Forest Ecology and Management 

270:248-256. 

Silveira,  .,   como, A.T.A., Dini -Filho, J.A.F. 2008. Camera trap, line transect census and track 

surveys: a comparative evaluation. Biological Conservation 114:351-355. 

Tobler, M.W., Carrillo-Percastegui, S.E., Pitman, R.L., Mares, R. and Powell, G. 2008. An evaluation of 

camera traps for inventorying large- and medium-sized terrestrial rainforest mammals. Animal 

Conservation 11:169-178. 

Walther, B.A. and Moore, J.L. 2005. The concepts of bias, precision and accuracy, and their use in testing 

the performance of species richness estimators, with a literature of estimator performance. Ecography 

28:815-829. 

Zipkin, E.F., DeWan, A. and Royle, J.A. 2009. Impacts of forest fragmentation on species richness: a 

hierarchical approach to community modelling. Journal of Applied Ecology 46:815-822. 

 


