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Figure 1: Spatio-temporal variability of the Chilean jack mackerel catch in the purse-seine fleet of central-

southern Chile, period 1994-2024.



2.2. Environmental variables

Environmental variables influence habitat preferences, which in turn affect catchability
(Arreguin-Sanchez, 1996). To assess the relationship between CHJM catch, locations, and
habitat conditions at these locations, two environmental variables were considered: Sea Sur-
face Temperature (SST in °C) and Chlorophyll-a (Chl-a). These variables were selected for
analysis because they have been shown to be related to CHJM habitat preferences citep-
nunez2004. Daily satellite fields of SST and Chl-a were retrieved from the Copernicus
program (https://www.copernicus.eu/es) at a spatial resolution of 4 x 4 km. Finally, the
values of the environmental variables at each fishing set location were extracted from the

corresponding daily variable maps.
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Figure 2: The Delaunay triangulation was used to calculate the Gaussian Markov random field for the SPDE

approach. Historical observations of Chilean jack mackerel fishing sets were shown as red dots.

2.3. CPUE modelling process
Details of the modeling process are provided in SC11-JM07 (Vasquez et al., 2023). Total
CHJM catch (tons) from a single fishing set per trip was used as the response variable to

characterize spatio-temporal CHJM biomass. We employed the Integrated Nested Laplace
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Approach (INLA) of Rue et al. (2009) and the Stochastic Partial Differential Equations
(SPDE) approach of Lindgren et al. (2011) to model a Gaussian spatio-temporal process
with Matérn covariance. The INLA SPDE module allows the construction of a Delaunay
triangulation covering the region of interest for the estimation (Figure 2). The CPUE (catch
per vessels hold capacity and days at sea) observed at locations s; with i = 1,.....,n was

assumed to be a realization of a Gaussian Field (GF) at locations s; and measured error.

The CPUE data had a lognormal distribution, i.e.,

fy) = sz vr(=7(logly) — 1)*/2),

where p is the mean and linked to the linear predictor (¢ = p), and 7 > 0 is the
precision parameter and it is an hyperparameter represented by 6 = log(7). According to
Paradinas et al. (2017). In SC11-JMO07 (Vésquez et al., 2023), a hierarchical approach was
used, sequentially increasing the complexity of the models. Here, we present an update
of the best model selected for the standardization of CPUE for CHJM fishery of central-
southern Chile in SC11-JMO07, which corresponds to a progressive spatial model with yearly

correlation:
Yst = Bo+ Ty + Qsp +log(H, ,) 4+ log(Esy) + Viy + Z?{Zl P Vs(i—k)

where [y is the intercept, Ts, is a year effect, (), is a seasonal effect represented by
quarter, log(H, ;) is the logarithm of hold capacity of a given vessel operating in location s
and year ¢, log(E; ;) is the logarithm of the days at sea of a given fishing vessel in location s
and year t. The term V; ; is a random spatial effect represented by V, ; = w,; , where wys, t)
can be represented by a matrix W ~ N(0, Q). The matrix W is a stationary geostatistical
field with a covariance function defined by the range (r) and standard deviation (o). The
range and standard deviation depend of the hyperparameters k and 7, ie., w, = (s —

A)*21y(s), where > 0 is the scale parameter, 7 control the variance of the GF, y, is a
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