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TITLE:  On ordinal models for capture-recapture counts
ABSTRACT BODY: 
Abstract Body:  Capture-recapture studies have attracted a lot of attention in the past few years, especially in those
applied disciplines where a direct estimate for the size of a population of interest is not available. Providing an
estimator for the number of unseen units has been a challenge for theoretical statisticians, and, in the last decades,
good results have been reached in providing lower bound estimators for the population size. We consider empirical
cases where capture-recapture studies are summarized by a frequency of frequencies distribution and we show how
to derive a simple upper bound estimator for the population size based upon the cumulative distribution function. The
proposed estimator is analysed using several well-known datasets, and a large scale simulation experiment based on
a benchmark scheme.
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ABSTRACT BODY: 
Abstract Body:  For zero-truncated count data, as they typically arise in capture-recapture modelling, we consider
modelling under one-inflation. This is motivated by police data on drink-driving in Britain which shows high one-
inflation.  The data, which are used here, are from the years 2011 to 2015 and are based on DR10 endorsements.
We show that inference for an arbitrary count density with one-inflation  can be equivalently based upon the
associated zero-one truncated count density. This simplifies inference considerably including maximum likelihood
estimation and likelihood ratio testing.   The idea is also applied to estimating the size of a dice snake population in
Graz,  the number of flare stars  in  the Pleiades as well as to an avian influenza H5N1 outbreak in Thailand.
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ABSTRACT BODY: 
Abstract Body:  Capture-recapture methods are used to estimate the species richness in Ecology, and they are also
widely used in Social and Medical Sciences.
Sometimes, the available data consists only in the total number of species observed (n) and the number of uniques
(m), that is, the number of species observed exactly once. Therefore, n-m is the number of super-duplicates (species
observed two or more times). This is the case, for instance, of the study of the number of species in the coral reef of
Tunku Abdul Rahman Marine Park (Chao et al. (2017)1).
The main objective of this research is to estimate the species richness, that is, the number of undetected species. To
do this, firstly, we need to estimate the proportion of undetected species (p0) and therefore, using the Horvitz-
Thompson estimator, we can determine the population size.
The likelihood function for this problem has a simple form, but the parameters are not identifiable and, consequently, a
direct frequentist approach is not possible. However, Bayesian methods are suitable to cope with this problem.
Because we are working with proportions and they sum one, we need to use a multivariate prior distribution defined
on the simplex. Our first choice, the Dirichlet distributions (including the uniform), are not suitable because they act as
"killer priors'' leading to marginal posterior distributions for p0 not depending on the observed data. We explore other
more suitable prior distributions for obtaining meaningful posterior marginal distributions for p0. One of the presented
solutions is to consider as a prior the maximum entropy density (Gibbs distribution). It leads to a posterior than can be
expressed in terms of the moment generating function of the Beta distribution.
Beyond this, we consider different prior scenarios for our data by comparing the obtained results.
Other different examples of application are also analysed and discussed.
 
1Chao, A., Colwell, R. K., Chiu, C. H., & Townsend, D. (2017). Seen once or more than once: Applying Good-Turing
theory to estimate species richness using only unique observations and a species list. Methods in Ecology and
Evolution, 8(10), 1221-1232.
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