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Species Richness and Joint Modeling while Accounting

for Detection Probability

The core idea of a community occupancy model is to jointly model detection data (Y ) for
species s (total n species observed) at site i with replicate surveys J to estimate the total
species richness and share information across species in terms of effects on occurence of each
species as,

Ys,i ∼ Binomial(pµs,i
, J)

pµs,i
= pi × Zs,i

Zs,i ∼ Bern(ψµi
)

ψµi
= ψi × wi

wi ∼ Bern(ω).

The parameter ω is an inclusion probability of species that have not been detected. This
parameter governs the latent parameter wi to decide on whether a species should be included
as part of the community or nor. Species that are detected are included and species that
have not been detected across any sites are included with probability ω. For this to work,
the detection data Y needs to include the sampled detection data of observed species along
with all zero detections for n0 number of species that have not been detected but could have
been part of the community; this statistical trick is known as parameter-expanded data aug-
mentation and is quite common for Bayesian models that incorporate detection probability
(Royle and Dorazio, 2010). A priori, there should be a known upper limit to the number of
species in an area that could be possibly detected as part of the community taxa that can be
sampled with the given methodology. For well known species (e.g., vertebrates), this can be
decided on based on knowledge of the area and species distribution maps and knowledge of
the sampling methodology. However, statistically, you could include any really large number
that would lead to estimating species richness beyond realistic values of species richness of
the area.

The occupancy and detection parameters for each species (ψs, ps, respectively) can still
be modeled with a logit-linear model, as is done with single species occpancy models.
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The total species unobserved is summarized as,

∑
wn0:(n+n0).

Reading

� For original formulations, see Dorazio et al. 2006 and 2010.

� For a review of these types of models, see Devarajan et al. 2020.

� For a focus specifically yon estimating species richness with this type of model, see
Tingley et al. 2020.
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