Multivariate analysis of marine litter abundance
through Bayesian space-time models

Analisi multivariata dell’abbondanza di rifiuti marini
attraverso modelli bayesiani spazio-temporali
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Abstract This work focuses on the analysis of abundance data for marine litter
categories, collected during trawl surveys regularly conducted at local scale, in the
Central Mediterranean. Here marine litter data are modeled in order to estimate
the effects affecting the dynamics of litter assemblages at different spatio/temporal
scales. A correlated response model with latent variables is proposed. This mod-
eling approach is particularly suitable to infer potential environmental covariates
while controlling for correlation between litter categories and providing a method
for residual ordination. MCMC estimation is implemented within the Bayesian hi-
erachical framework that allows to integrate environmental and anthropogenic pro-
cesses into a single model.

Abstract Questo lavoro riguarda I’analisi delle abbondanze di diverse categorie
di rifiuti marini, censiti durante campagne di pesca a trascico condotte su scala
locale nel Mediterraneo centrale. In questo ambito, i dati sui rifiuti sono modellati
al fine di investigare i fattori che influiscono sulle dinamiche di aggregazione dei
rifiuti su scala spazio/temporale. Viene presentato un modello con risposte correlate
che rappresenta un approccio particolarmente idoneo per investigare l'influenza di
covariate ambientali, controllare la correlazione tra categorie di rifiuti e fornire un
metodo per I’ordinamento residuale. Stime MCMC sono implementate nel contesto
bayesiano gerarchico che permette di integrare processi ambientali e antropogenici
in un unico modello.
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1 Introduction

Marine litter has recently become a recognized global and local ecological con-
cern that might jeopardize the status of marine ecosystems. The debris quantity and
its distribution on the Mediterranean seafloor are still not well-known although the
effects on the sea bed and on the marine living communities are pretty clear [1].
Experimental bottom trawl surveys carried out in the Mediterranean basin in the
last years represent a valuable source of information about wastes; litter typologies
can be seen as special items caught by the trawl net together with marine species.
While single-species distribution models have been commonly used to explain and
predict the response of different taxa to environmental variation, the analysis at
the community-level is still lacking. Some innovative approaches that explicitly ac-
knowledge the multivariate nature of species assemblages were recently proposed
[2, 4]. These approaches model the actual processes that determine the assemblage
of community samples, taking into account for the various sources of correlation
across species. In this study we analyze multivariate litter abundance data using a
correlated response model in the spirit of [2]. This model merges univariate Gen-
eralized Linear Models with latent variables to account for the residual correlation
across litter categories, e.g. due to environmental interactions or unaccounted co-
variates. Latent variables provide a method for “residual ordination”. The whole
implementation is performed in a hierarchical Bayesian framework.

2 Materials and Methods

2.1 Study area and data

Litter data are collected during experimental trawl surveys conducted from 2013
to 2017 in the North-Western Ionian Sea as a complementary (voluntary) activity
of the international project MEDITS (MEDiterranean International Trawl Surveys).
The North-Western Ionian is the deepest sea in the Mediterranean basin character-
ized by a complex geomorphology and the presence of important fisheries as well
as main harbours. An increasing touristic activity is developing along the Ionian
coasts, thus the sea bottoms are here exposed to a strong increase in anthropogenic
impact.The same 70 depth-stratified hauls are carried out between 10 and 800 m
in depth every year, summing to 350 hauls in 5 years. Wastes caught during the
trawl surveys are classified in 8 categories: plastic, rubber, metal, glass/ceramic,
cloth/natual fibres, processed wood, paper/cardboard, other/unspecified. The num-
ber of collected items for each litter category was scaled to the swept surface unit (1
km?), thus obtaining density indices (N/km?) for each litter category and survey at
every haul location. Litter density is a semi-continuous zero-inflated non-negative
variable. Preliminarily, to investigate factors influencing the density of litter cate-
gories, we consider only the seafloor depth as environmental covariate.
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2.2 Statistical framework

To investigate assemblage of litter in terms of density and composition, a mix-
ture model where latent variables are included alongside the measured covariates
is proposed. In particular, densities of litter categories are jointly modeled as semi-
continuous zero-inflated multivariate responses assuming the Tweedie distribution
model. The mean density f;; of the j-th litter category at the i-th haul is specified
by the following mixture model:
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where g(-) is the link function, o »(+) are effects adjusting for differences in site
and time (year) on the overall litter density, fy; is the litter type-specific intercept
and B is the type-specific regression coefficient of the k-th covariate (preliminar-
ily, only the seafloor depth). Finally, z; = (z1, ... ,ziq)’ is a g-dimensional vector of
latent variables, while 6; = (0;1,...,8j,) are the corresponding litter type-specific
loadings. Latent variables can be considered here as missing informative predic-
tors for the multivariate response inducing residual correlation between litter cat-
egories. Independent weakly informative N ~ (0, 10) priors were assumed for all
site and time effects, type-specific intercepts, type-specific regression coefficients,
latent variables and loadings. Uniform priors U ~ (0,30) are adopted for all dis-
persion and variance parameters in the model. Inferences for model in Eq. 1 were
implemented by the boral package [2] that provides an interface between R and
JAGS [5] for multi-species models with latent variables.

3 Results

The model in Eq.1 was fitted with 1 to 3 latent variables and with fixed or random
site and time effects. All model estimates were obtained using 20,000 iterations, dis-
carding the first 5,000. The Geweke diagnostic and the graphical inspection of trace
plots provided clear evidence of the convergence of MCMC chains for all model
parameters. As reported in Table 1, the best models in terms of lowest BIC consider
random site/time effects. Results for the model with two latent variables, that also
enable to draw a scatterplot of the ordinations as for distance-based techniques, sug-
gest a positive correlation between plastic and glass litter due to depth (Figures 1A-
B). Strong, positive residual correlations are observed: plastic is correlated with all
other materials except for metal and other/unspecified wastes. Estimated spatial ef-
fects represented in Figure 1C, allow to identify some hot-spots assemblages for all
litter categories. This work represents a starting point for the analysis of space/time
structured multivariate litter data. Further developments include the selection among
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Table 1: Values of the BIC for models with 1-3 latent variables (LVs) and fixed/random site and
time effects

site/time effects

fixed random
1LV 8731.59 8387.27
2 LVs 8777.11 8434.66
3LVs 8833.30 8486.78
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Fig. 1: (A) Correlations between litter categories due to seafloor depth; (B) Residual correlations
(we report correlations with 95% credible intervals excluding zero); (C) Predictions of spatial
effects of sites.

a larger number of environmental predictors by Boosted Regression Trees (BRT) as
already suggested in [3] for ecological data.
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