
The Study of Animal 
Populations 
 

Estimating abundance and 

density are fundamental objec-

tives in conservation and man-

agement of animal populations.  

To achieve these objectives, a 

huge body of methodologies 

known as capture-recapture 

have been developed. Capture-

recapture methods make use of 

individual encounter history 

data, a record of when each 

individual was captured during 

the course of study.  

 

Limitations of    
Classical Capture-
Recapture Models 
 

A number of technical and 

conceptual limitations of classi-

cal capture-recapture models 

have been noted and discussed 

in the literature for many dec-

ades.  First, it is difficult to 

define precisely a study area 

because animals move freely 

through space, and so the area 

containing animals exposed to 

sampling efforts is greater than 

the area immediately surround-

ing the sampling devices (e.g., 

traps); thus, estimates of popu-

lation size have no explicit 

spatial context and cannot be 

converted to density. Secondly, 

animals experience variable 

exposure to encounter due to 

the location of their home 

ranges relative to sampling 

devices.  The essence of these 

limitations is the basic 
problem that classical capture-

recapture models are distinctly  
non-spatial, they do not account 

either for the locations of 

traps, the locations of encoun-

ters, or the spatial pattern of 

individual encounters. 

 

Basic Elements of 
Spatial-Capture    
Recapture: Making 
Use of Spatial Data 
 

Recent methodological efforts 

have yielded extensions of cap-

ture-recapture models to ac-

commodate the spatial organi-

zation of sampling devices and 

the spatial information inherent 

in essentially all capture-

recapture studies of animal 

populations. These spatial cap-

ture-recapture (SCR) models 

(also spatially-explicit capture-

recapture, SECR) show great 

promise in the study of animal 

populations and in facilitating 

the study of spatial processes in 

animal populations from ordi-

nary encounter data which arise 

in the routine study of animal 

populations.  

 

Obtaining Spatial 
Encounter History 
Data 
 

Simultaneous to the develop-

ments of new SCR models has 

been the development of new 

technologies for producing 

spatial encounter information 

on individuals. In the past, cap-

ture-recapture studies could 

only occur by physically captur-

ing and marking individuals (e.g., 

live traps, mist nets). However, 

new technologies allow for 

passive marking and 

encountering, including acoustic 

sampling, camera trapping, and 

DNA methods which obtain 

individuality from animal scat, 

hair, feathers, urine, and other 

body tissues.  SCR models 

provide a natural modeling 

framework for data that arise 

from these emerging technolo-

gies which are being rapidly 

adopted in the study of animal 

populations. 

 

Integrating           
Ecological Theory 
with Observation 
 

SCR models are not simply an 

extension of a technique to 

resolve certain technical 

problems.  Instead, they pro-

vide a flexible framework for 

making ecological processes 

explicit in models of individual 

encounter history data, and for 
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studying spatial processes such 

as individual movement, re-

source selection, space usage, 

population dynamics, and den-

sity. Historically, researchers 

studied these questions inde-

pendently, using ostensibly 

unrelated study designs and 

statistical procedures.  SCR 

models can bring all of these 

problems together into a single 

unified framework for model-

ing and inference, and they 

promise the ability to integrate 

explicit ecological theories into 

the models so that ecologists 

can test explicit hypotheses 

about space usage, resource 

selection, landscape connectivi-

ty, movement, and spatial dis-

tribution. 

 

Box 1: SCR Model Framework 
 

SCR models are naturally described as a hierarchical or state-

space model with distinct model components representing an 

ecological state process and an observation process.   

 

In SCR models, the process model 

is a point process model, describing 

the distribution of animal activity 

centers/home ranges across the 

study area (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 

 

The observation model is an 

implicit model of individual 

movement governing the process 

associated with encountering 

individuals at sampling devices 

(e.g., traps), which is conditional 

on the unobserved activity centers (random effects).  As such, we 

can specify a model that relates the probability of detecting an 

individual to the distance from the trap to the center of the indi-

viduals home range (Fig. 2). 

 

SCR models are easily analyzed using Bayesian methods and Mar-

kov chain Monte Carlo (Royle and Young 2008) or classical likeli-

hood methods (Borchers and Efford 2008). 
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Fig. 1. Location of activity cen-
ters relative to traps.  The 

colored bands radiating from 

the activity center for one of 
the individuals represents detec-

tion decreasing as you move 

away from the center of the 

home range. 

Fig. 2. Frequency of detection 
decreases with distance between 

trap and activity center.  The 

color bar at the bottom of the 
figure depicts this relationship for 

one of the individuals in Fig. 1. 



Conclusion 
 

Together, the technological 

innovations of SCR 

models and methodologies for 

producing spatial encounter 

history data stand to revolu-

tionize the study of animal 

populations. New technology 

provides an efficient means of 

obtaining individual encounter 

information which doesn't re-

quire physical capture of indi-

viduals, thereby affording the 

possibility to study species 

which historically could not be 

effectively studied by capture-

recapture methods due to 

the difficulty of capturing and 

physically marking them. At the 

same time, the on-going devel-

opment of SCR modeling tech-

nology provides a technical 

framework for integrating eco-

logical theory into models of 

individual encounter and 

providing statistically rigorous 

inferences about population 

size, density and spatial dynam-

ics.  A monograph-level treat-

ment of SCR models (Royle et 

al. 2013) was recently pub-

lished by Academic Press which     

synthesizes the explosive devel-

opment of SCR models over 

the last several years. 
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Box 2:  Application of SCR to New York Fisher Study 
 

Historically, fishers were distributed across New York, but the species was 

nearly extirpated by the 1930s as a result of unregulated trapping.  Popula-

tions have since recovered in many areas, however, data are lacking on the 

abundance and density of fishers in areas of New York where harvest op-

portunities for this species do not exist. In this example analysis, we esti-

mate the abundance of fishers using SCR, which could be used to help 

inform management, including possibly the consideration of opening new 

areas of central New York to fisher harvest.   
 

Data: Fishers were sampled at 300 sites during a 12-week season 

(January—March).  Hair snare sites were checked weekly for 4 weeks each 

and then moved to new sites.  Hair snares were constructed of 3 chloroplast plastic strips with 3 

gun brushes per strip surrounded by a piece of bait (Fig. 3).  DNA was extracted from the root 

follicles of collected hair samples and genetic analyses provided unique genotypes of individuals. 
 

Analysis: We identified 99 unique individual fishers that were captured 157 times (Fig. 4).  We rec-

orded 13 spatial recaptures (individuals caught in more than one trap). We fitted a model to 63 

individuals whose sex could be determined. The SCR model allowed sex-specificity of encounter 

model parameters and included a trap-level behavioral response. The parameter estimates are sum-

marized in Table 1. The estimate of population size (posterior mean) of about 199 individuals includ-

ed 51% females. A strong behavioral response indicating “trap happiness” is noted.  This is a prelimi-

nary estimate of population size that will be updated by a second field season.  

We are continuing to use these data in SCR models that allow us to incorporate 

resource selection, space usage, and spatial dynamics of the population. 

 

 

Fig. 4.  Distribution of hair snare sites (n = 300) 
across the central NY study area and the number 

of fisher captures at each site. 

Fig. 3.  Fisher eating bait at a 

hair snare site. 

Parameter Mean SD 2.5% 50% 97.5% 

N 198.864 55.391 121.000 188.000 339.000 

 0.003 0.003 0.001 0.002 0.012 

Sex 0.489 0.100 0.263 0.497 0.665 

Behavior 4.409 0.649 3.251 4.374 5.528 

Table 1.  Posterior summary statistics from the SCR model.  
N is the population size for the prescribed study area,   is 

the baseline encounter rate, Sex is the probability of being a 

male, and Behavior is a trap-specific behavioral response. 


