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Abstract

Modeling individual heterogeneity in capture probabilities has been one of the

most challenging tasks in capture–recapture studies. Heterogeneity in capture

probabilities can be modeled as a function of individual covariates, but correla-

tion structure among capture occasions should be taking into account. A pro-

posed generalized estimating equations (GEE) and generalized linear mixed

modeling (GLMM) approaches can be used to estimate capture probabilities

and population size for capture–recapture closed population models. An exam-

ple is used for an illustrative application and for comparison with currently

used methodology. A simulation study is also conducted to show the perfor-

mance of the estimation procedures. Our simulation results show that the pro-

posed quasi-likelihood based on GEE approach provides lower SE than partial

likelihood based on either generalized linear models (GLM) or GLMM

approaches for estimating population size in a closed capture–recapture experi-

ment. Estimator performance is good if a large proportion of individuals are

captured. For cases where only a small proportion of individuals are captured,

the estimates become unstable, but the GEE approach outperforms the other

methods.

Introduction

Many estimation methods have been developed for the

analysis of closed population capture–recapture data. For

comprehensive material on the subject see, for instance,

Otis et al. (1978), Seber (2002), Williams et al. (2002)

and Amstrup et al. (2005). The most general capture–
recapture closed population model, considered by Otis

et al. (1978) was denoted by Mtbh where (h) is used to

denote inherent individual heterogeneity, (t) time effect,

and (b) behavioral response to capture. In this work, we

are interested in estimating the population size and SE of

a submodel of the type Mh, where individual heterogene-

ity can be modeled as a function of covariates. Develop-

ment of capture–recapture models dealing with individual

heterogeneity in capture probabilities has been one of the

most challenging tasks. Failure to account for such

heterogeneity has long been known to cause substantial

bias in population estimates (Otis et al. 1978; Lee and

Chao 1994; Hwang and Huggins 2005). Moreover, Link

(2003) showed that without strong assumptions on the

underlying distribution, estimates of population size

under model Mh are fundamentally nonidentifiable.

The use of covariates (or auxiliary variables), if avail-

able, has been proposed as an alternative way to partially

cope with the problem of heterogeneous capture proba-

bilities (Pollock et al. 1984; Huggins 1989; Alho 1990).

The idea is to model capture probabilities as a function

of individual (i.e., age, sex, and weight) and environmen-

tal (i.e., temperature, rainfall, and location) covariates,

using a generalized linear modeling (GLM) approach,

such as logistic regression. The method of Huggins (1989,

1991), based on a conditional likelihood to estimate pop-

ulation size, has become very popular, but it assumes
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