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Abstract: Metabarcoding is a highly e!cient molecular technique that provides
large species occurrence datasets. However, it presents a major limitation as only
presence/absence of a species, not abundance, is detectable. Therefore, metabar-
coding data requires the use of statistical tools designed for multivariate binary
data. We aim to develop a model-based clustering strategy for metabarcoding
data. Following a comparison of the methods from the literature, we propose to
investigate an extension towards the inclusion of environmental covariates that
often accompany occurrence data. In summary, this project seeks to maximize the
utility of metabarcoding data with a context-appropriate clustering technique.
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1 Metabarcoding data

Metabarcoding is a molecular technique that allows for the simultaneous genetic
identification of multiple organisms within biological samples (Taberlet et al.
2018). This novel methodology has revolutionized the field of community ecol-
ogy, as it enables the rapid and simultaneous identification of a large number
of species. The final product of the metabarcoding process consists of a series
of DNA variations called Operational Taxonomic Units (OTUs), which are as-
signed to the most likely taxa on the basis of genetic similarity using open-access
databases. However, metabarcoding can only o”er information about occurrence
on a presence-absence scale (i.e. binary), due to the specific nature of the molec-
ular identification procedure.
Hence, metabarcoding results from multiple sites form a typical N→P occurrence
matrix where each cell n, p reports the occurrence Ynp ↑ {0, 1} for species n
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observed in the sample from site p. In most cases, the spatio-temporal coordinates
of each sampling site are available (Sp, Tp), along with a set of environmental
covariates (Xp) believed to a”ect occurrence.
In most applications, ecologists are primarily interested in building a distribu-
tion model for the observed data, able to consider the impact of environmental
factors, as well as potential interactions between species. The binary nature of
metabarcoding data does not prevent the applicability of many Joint Species Dis-
tribution Model (JSDM) frameworks presented in the literature. We shall focus
in this project on a frequent secondary objective in community ecology analysis,
namely, the identification of meaningful clusters among either sampling sites or
species (Legendre & Legendre, 2012).

2 Clustering presence-absence data

Clustering is often used on ecological data for the identification of occurrence
patterns and structures in complex datasets. First, obtaining sites’ clusters is
desirable for the delimitation of biogeographical regions, i.e. regions with similar
species composition (e.g., Kreft & Jetz, 2010). This type of analysis is useful to
explore how compositional di”erences reflect ecological and historical processes,
such as climatic changes, which is fundamental for ecosystem-based management
and conservation planning.
On the other hand, clustering species provides groups with similar geographi-
cal/temporal distributions, which o”er insights into biotic interactions and the
species-environment relationships (e.g. Pang et al. 2023). Although less common
in the community ecology literature, clustering species could be particularly use-
ful in the context of metabarcoding datasets, which are characterized by a large
number of species. In this case, clustering could o”er a way to simplify and sum-
marize the community structure into a manageable number of species subsets
with similar geographical distributions.
While algorithm-based approaches to clustering have traditionally been used in
ecology, we believe it would be more convenient to employ a more sophisticated
model-based approach commonly used in many other fields, which could incor-
porate probabilistic assumptions about the data and account for hierarchical
structures and potential exogenous covariates.
Among the numerous alternatives proposed in the literature for the case of multi-
variate binary data, it is worth mentioning the popular Bernoulli Mixture Model
(BMM), which assumes a mixture of Multivariate Bernoulli distributions on the
data (Juan & Vidal, 2002). The BMM model has been thoroughly studied, and
it is implemented in multiple R packages (e.g. BayesBinMix by Papastamoulis &
Rattray, 2017).
A recently proposed alternative to the BMM is the Hamming mixture model
(HMM) by Argiento et al. (2024), which introduced a novel multivariate distri-
bution based on the Hamming distance for generic categorical data: although not
directly developed for binary data, we argue it would be interesting to compare
the impact between the two di”erent probability distribution assumptions. Fi-
nally, a di”erent approach has been proposed by Cagnone & Viroli (2012), who
made use of a latent factor model where the factors are distributed as a finite
mixture of multivariate Gaussians. This option moves the mixture assumption
to a lower level of the model hierarchy. Additionally, it also allows the retrieval
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of latent traits that may explain the clustering. While the examples mentioned
are among the most notable, note they do not encompass the entirety of existing
methods.

FIGURE 1. Example of a metabarcoding dataset. (a) Proportion of species
present in each site; (b) pie charts about cluster membership proportions.

3 Preliminary results

We present some preliminary results on a metabarcoding dataset containing pres-
ence/absence of aquatic macroinvertebrates (OTUs) in 20 river sites in North-
West Italy. Panel (b) of Figure 1 reports BMM cluster results using the BayesBinMix
package: the plot shows the site composition in terms of species clusters. The
results show a potential spatial correlation in site composition. However, the
current BMM specification is unable to consider either available environmental
covariates or geographical proximity. We propose to compare via simulation the
top model-based binary data clustering approaches. We then aim to extend the
best candidate by considering the inclusion of environmental covariates. This
extension would provide ecologists with an explanation for clustering in terms
of species-environment interactions, without requiring the estimation of the full
joint species correlation matrix. Furthermore, we propose to explore a Bayesian
implementation with a more refined prior choice on the number of clusters, such
as the asymmetric Dirichlet prior from Page et al. (2023). Finally, we will use
e!cient MCMC algorithms to analyze large metabarcoding datasets.
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